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Abstract

Background Hypertension and diabetes mellitus are independent risk factors for cardiovascular diseases. Due to the cardio-
protective nature of angiotensin-converting enzyme inhibitors (ACEls) and angiotensin II receptor blockers (ARBs), they
are recommended for patients with comorbid hypertension and diabetes. However, poor adherence to ACEIs/ARBs among
older adults is a major public health concern. This study aimed to assess the effectiveness of a telephonic motivational
interviewing (MI) intervention conducted by pharmacy students among a nonadherent older population (> 65 years old)
with diabetes and hypertension.

Methods Patients continuously enrolled in a Medicare Advantage Plan who received an ACEI/ARB prescription between July
2017 and December 2017 were identified. Group-based trajectory modeling (GBTM) was used to identify distinct patterns
of ACEI/ARB adherence during the 1-year baseline period: adherent, gaps in adherence, gradual decline, and rapid decline
in adherence. Patients from the three nonadherent trajectories were randomized into MI intervention or control group. The
intervention consisted of an initial call and five follow-up calls administered by MI-trained pharmacy students and tailored
to the baseline ACEI/ARB adherence trajectories. The primary outcome was adherence to ACEI/ARB during the 6- and
12-month periods post-MI implementation. The secondary outcome was discontinuation, defined as no refills for ACEI/
ARB during the 6- and 12-month periods post-MI implementation. Multivariable regression analyses examined the impact
of MI intervention on ACEI/ARB adherence and discontinuation while adjusting for baseline covariates.

Results A total of 240 patients in the intervention group and 480 patients as randomly selected controls were included in this
study. At 6 months, patients receiving the MI intervention had significantly better adherence (f = 0.06; p = 0.03) compared
with the controls. Linear and logistic regression models also showed patients in the intervention group were more likely
to be adherent than controls within 12 months of intervention implementation (f = 0.06; p = 0.02 and OR: 1.46; 95% CI
1.05-2.04, respectively). Ml intervention did not have any significant impact on the ACEI/ARB discontinuation.
Conclusion Patients who received the MI intervention were more likely to be adherent at 6 and 12 months following the
intervention initiation, despite gaps in the follow-up calls due to COVID-19. Pharmacist-led MI intervention is an effective
behavioral strategy to improve medication adherence among older adults and tailoring the intervention to past adherence
patterns may enhance the intervention effectiveness.

This study was registered with the United States National Institutes of Health (ClinicalTrials.gov identifier NCT03985098).

1 Introduction
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manuscript. Hypertension frequently coexists with diabetes mellitus
and is responsible for 75% of cardiovascular events in the
diabetic population as both conditions are recognized as
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Phone-based motivational interviewing intervention
conducted by student pharmacists has a promising effect
on improving adherence to antihypertensive medications
among the nonadherent older population.

Tailoring interventions based on past adherence trajec-
tories may enhance intervention effectiveness due to
providing more insight into patient behavior.

the leading risk factors for heart disease and stroke in the
United States [1]. Data from The Centers for Disease Con-
trol and Prevention (CDC) shows about 877,500 Americans
die annually due to cardiovascular diseases (CVD) [1].
Approximately 116 million of US adults (47%) have hyper-
tension with only one fourth of those being under control
[2]. Findings from the National Health and Nutrition Exami-
nation Survey (NHANES) conducted between 2015 and
2018 revealed that nearly 60% of patients have uncontrolled
blood pressure (> 140/90 mm Hg) despite being treated with
hypertension medications [2]. Failure to take medications as
prescribed may play a significant role in having poor blood
pressure (BP) control [3].

Pharmacotherapy of hypertension is critical in patients
with diabetes as it is associated with lower risk of cardiovas-
cular events and all-cause mortality [4]. Angiotensin-con-
verting enzyme inhibitors (ACEIs) and angiotensin recep-
tor blockers (ARBs) have established benefits for treating
hypertension in individuals with diabetes [5-8]. The benefi-
cial effects go beyond blood pressure control, lowering the
risk of micro- and macrovascular adverse events in addition
to decreasing all-cause mortality, cardiac morbidity, and
mortality [5, 7-12]. However, adherence to antihyperten-
sive medications—defined as the extent to which a patient
follows the physician’s prescription order—is a common
concern [13]. Poor medication adherence including failure
to initiate the treatment, implement the dosing regimen,
or persist on therapy, results in suboptimal BP control and
hence higher risk of cardiovascular-related complications,
mortality, and healthcare costs [14—17].

Different strategies have been studied to enhance patient
adherence to medications used for chronic illnesses. How-
ever, a majority of the currently used methods are ineffec-
tive and complex [18]. Motivational interviewing (MI) is
a patient-centered type of counseling which focuses on
enhancing self-motivation and commitment to behavior
change through a collaborative and supportive communi-
cation with a healthcare provider [19-21]. MI-based inter-
ventions have demonstrated promising effects in improving
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medication adherence across a wide range of chronic condi-
tions [22].

In observational studies using pharmacy claims data-
bases, medication possession ratio (MPR) and proportion
of days covered (PDC) are common methods for measuring
medication adherence. However, in recent years, the use of
group-based trajectory modeling (GBTM) has been growing
due to the advantages over traditional techniques. Unlike
PDC that is calculated as a single number to characterize
adherence within a specified time, GBTM creates trajec-
tory groups that incorporate both quantity and timing of
medication availability throughout the study period [23, 24].
GBTM describes longitudinal patterns of adherence instead
of grouping patients as adherent versus nonadherent, which
provides invaluable information on patient behavior and
underlying barriers to medication adherence. In addition,
GBTM creates clusters of patients sharing common charac-
teristics that could better inform the development of tailored
interventions for nonadherent individuals [23, 25-29].

This study aimed to examine the effect of a phone-based
MI intervention conducted by trained student pharmacists
on improving adherence and persistence to ACEIs/ARBs
among nonadherent hypertension and diabetes patients
enrolled in a Medicare Advantage Plan (MAP). Building
upon the prior research, the objective of this study was to
tailor the intervention further using adherence trajectories
and enhance the intervention effectiveness.

2 Methods
2.1 Study Design

This prospective study was conducted among nonadherent
patients enrolled in a Texas MAP from July 2016 to July
2021. The MAP provides comprehensive medical/drug cov-
erage, combining all Medicare benefits into one, utilizing
a designated network of doctors and hospitals who work
together to provide the best care in a cost-effective manner.
A previous phase I retrospective study identified nonadher-
ent ACEI/ARB patients using GBTM [30]. This phase II
prospective study involved conducting an MI intervention
among the nonadherent patients identified in the phase I
study and was followed-up for 1 year post-MI implementa-
tion. Figure 1 illustrates the study design and timeline. This
study was registered with the United States National Insti-
tutes of Health (ClinicalTrials.gov identifier NCT03985098).
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Fig.2 Adherence trajectory groups

2.2 Identifying Patients for Telephonic Motivational
Interviewing (MI) Intervention

A previous phase I retrospective cohort study identified
patients with comorbid hypertension and diabetes mellitus
with an ACEI/ARB prescription using the administrative
claims data. Patients with an ACEI/ARB refill between
July 2017 and December 2017 were included. Patients
were also required to be continuously enrolled from July
2016 to December 2018. Patients were excluded from
the study if they (a) disenrolled from the health plan, (b)
had a diagnosis of dementia between July 2016 and July
2017, or c¢) had any contraindication for ACEI/ARB use
such as angioedema, hyperkalemia, and renal artery ste-
nosis between July 2016 and July 2017. A total of 22,774
patients met the inclusion criteria. Adherence to ACEI/
ARB was measured using GBTM, and the model with four
distinct trajectories of adherence was identified: adherent,
rapid decline in adherence, gaps in adherence, and grad-
ual decline in adherence (Fig. 2). A total of 7868 patients

from the latter three nonadherent trajectories were rand-
omized into the MI intervention and control groups. Of
these, 5901 patients were randomized to the intervention
group (3:1). Eligible candidates of the intervention group
received a brief telephone intervention until a sample size
of 250 was reached. Each intervention patient was ran-
domly assigned two controls from the nonadherent cohort.

G-power 3.1 statistical software estimated that a total
of 409 patients would be needed for a two-tailed analysis
using logistic regression at a 0.05 a-level, 0.10 p-level
(90% power), and a 1.5 odds ratio. Approximately 230
patients are needed for multiple linear regression analysis
with an effect size of 0.10. A total of 500 patients (250 for
intervention and control group each) would be needed to
have enough power to detect differences at 12 months in
case of a 5-7% patient disenrollment from the plan [29,
31].
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2.3 MiTraining

A telephone-based MI intervention was implemented by
fourth-year pharmacy students (under the supervision of
preceptors) who participated in 6-week Advanced Phar-
macy Practice Experiences (APPE) rotations at the MAP.
The pharmacy students attended a 3-day training session
facilitated by an experienced researcher. The MI training
included lectures, MI skill demonstration, and guided prac-
tice through role-playing. The pharmacy students also had
several practice sessions with trained standardized patients.
The MI trainer evaluated this practice session to ensure stu-
dent proficiency in MI skills and MI spirit using a 7-point
Likert-type scale (1 = poor/never to 7 = excellent/always)
[32].

2.4 Customization of Intervention

During the phase I retrospective study, the GBTM identi-
fied various barriers to adherence like gender, age group
71-75 years, other languages, prevalent statin users, having
> 90-day refill, two or more concomitant medications on
index date, and presence of comorbidities like myocardial
infarction, end-stage renal disease, and depression [30]. MI-
trained faculty and the MI trainer developed customized edu-
cation material specific to each of the lower adherence tra-
jectories (rapid decline, gradual decline, gaps in adherence)
that could help students during the implementation of MI.
The past adherence trajectories further guided the develop-
ment of strategies to improve patient adherence. Additional
adherence barriers were obtained from literature, including
forgetfulness, cost, perception about the treatment/disease,
regimen complexity, fear of adverse events, pharmacy/phy-
sician-related issues, and transportation [29, 33-36]. Finally,
a protocol based on the Ask-Provide-Ask approach—a phar-
macist adaptation for the Elicit-Provide-Elicit of MI—was
developed for each of the lower adherence trajectories that
summarized the customized education that is likely to ben-
efit patients associated with each trajectory [37].

2.5 Implementation of Intervention

The MI-trained pharmacy students implemented the MI
intervention from May 2019 to March 2021. The interven-
tion consisted of an initial telephonic call followed by five
follow-up calls supervised by pharmacy preceptors. The
phone-based MI intervention helped reach patients that met
the eligibility criteria regardless of their location in Texas,
which was advantageous compared with conducting a physi-
cal intervention. The recruitment calls were predominantly
placed before the COVID-19 pandemic, from May 2019
to February 2020. Only four initial calls were placed dur-
ing the pandemic from June 2020 to July 2020. Due to the
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pandemic, there was a gap of four months as pharmacy stu-
dents could not rotate at the MAP, and the intervention calls
were not allowed to be placed outside the MAP due to confi-
dentiality reasons. The first date of the intervention call was
the study start date. During the initial call, students obtained
informed consent from the patients and asked if they were
interested in receiving the intervention. Additionally, the
pharmacy students confirmed the diagnosis, the current list
of medications, and the refill information. Furthermore,
patients were also screened for depression using the Patient
Health Questionnaire (PHQ-2)—a validated screening tool
for depression [38]. Patients identified with depression were
requested to schedule an appointment with a healthcare pro-
vider to address the issue. MI consistent intervention was
provided in English. The MI scripts were adapted from an
original script drafted by the MI-trained team of research-
ers and tailored to the different adherence trajectories deter-
mined from the retrospective phase of the study [33]. Since
MI is a patient-centered approach, the scripts were used as
a guide for students through the phone interview process.
Students were trained to ask open-ended questions and were
encouraged to allow participants to make choices and feel
responsible for their decision making. The length of the calls
was based on the patient’s need, and an initial call lasted for
approximately 15 minutes, while the follow-up calls lasted
for approximately 7 minutes. During the follow-up calls,
students confirmed if the problem was resolved and provided
patient education and positive reinforcement to improve
adherence. In some instances, students also contacted the
participant’s clinician or pharmacist to resolve any concerns
raised by the participant. After each call, students docu-
mented the barriers and any concerns that were discussed.
To ensure intervention fidelity, 20% of student phone calls
were monitored for quality control and adherence to MI. The
control group received the usual care from the pharmacist,
which is the regular refill reminder calls. All the documents
collected were deidentified and entered into an Excel sheet
for further analysis. The intervention, scripts used for the
MI intervention, and data collection were approved by the
University of Houston Institutional Review Board.

2.6 Outcome Measures

The primary outcome was the adherence to ACEI/ARB dur-
ing the 6 and 12 months post-MI implementation. Patients
who were continuously enrolled for 1-year post-MI imple-
mentation were included. Adherence was calculated from the
date of the initial call as it was hypothesized that the effect
of intervention will start immediately after an intervention.
PDC was used to calculate the adherence to ACEI/ARB,
and it represents the total number of medications patients
have on hand divided by the entire study period. Patients
with a PDC of > 0.80 were considered adherent. Use of the
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MPR was also considered for the outcome measurement,
however, PDC is generally preferred as it is more opera-
tionally defined and provides conservative estimates in case
of switching and concomitant therapy with multiple drugs
within a class [39]. For the intervention group, an index date
was defined as the initial intervention call date. An index
day was assigned for the corresponding controls, which was
the first day of the same month of the initial intervention to
ensure the same length of follow-up between the controls
and intervention. If patients had switched from an ACEI
to an ARB or vice versa, then the days’ supply for both the
medications would be summed.

The secondary outcome was discontinuation, defined as
no refills for ACEI/ARB during 6 and 12 months after the
initial MI implementation call.

2.7 Predictor Variables

All the predictor variables were identified during the previ-
ous phase 1 retrospective study. Sex, age (< 70 years ver-
sus > 70 years), health plan (low-income subsidy versus
no low-income subsidy), prescriber specialty (primary care
physician versus specialty), refill type (<90 days versus > 90
days), presence of comorbidities like myocardial infarction,
end-stage renal disease, depression, congestive heart failure,
stroke, and coronary artery disease, number of concomitant
medications (< 2 versus >2), regimen complexity, preva-
lent users (prevalent versus incident users), prior hospitali-
zations (none versus > 1), and CMS risk score. Regimen
complexity was defined as the mean doses taken per day
multiplied by total number of daily medications. Prevalent
users were defined as patients who were prescribed ACEIs/
ARBs within 6 months prior to the study. The CMS risk
score accounted for medication burden and disease severity,
and was calculated based on data taken from a large group
of beneficiaries to estimate the average predicted costs for
each of the components factors (e.g., age, sex, low-income
status, individual disease groups). It consists of 189 disease
classifications for use in risk adjusting of clinical outcomes
in Medicare populations. The detailed definitions of other
covariates are published elsewhere [30].

2.8 Statistical Analysis

The baseline characteristics were compared between the
intervention and control group using chi-square tests for
categorical variables and #-tests for the continuous vari-
ables. A multivariable logistic regression model with PDC
as a categorical outcome (PDC > 0.80 versus PDC < 0.80)
was used to evaluate the effect of intervention on adher-
ence at 6 and 12 months following the intervention initia-
tion. A multiple linear regression modeled PDC as a con-
tinuous outcome (ranging from 0 to 1) for 6 and 12 months

following the intervention. Finally, a logistic regression
model was performed to assess the association between
intervention and ACEI/ARB discontinuation during 6- and
12-months post-MI initiation. The major independent vari-
able for all the models were intervention versus control
group. Baseline adherence trajectories were controlled in
all the models.

2.9 Sensitivity Analysis

Additional analysis was performed by including number of
follow-up calls as the primary independent variable. Mul-
tiple logistic and linear regression models were performed
to evaluate the impact of the number of follow-up calls on
adherence. Separate logistic regression model was con-
ducted to examine the impact of number of follow-up calls
on discontinuation. All the statistical analysis was conducted
using SAS 9.4 at a priori significance of 0.05.

3 Results

A total of 22,774 patients with comorbid diabetes and hyper-
tension were identified. Among them, 7868 non-adherent
ACEI/ARB patients were randomized to the intervention and
control group. Of these, patients were randomized in a 3:1
ratio, resulting in 5901 patients in the intervention group and
1967 patients in the control group. Figure 3 describes the
cohort formation flowchart. Of the 5901patients randomized
to the intervention group, 2091 patients were outreached. A
total of 247 patients agreed to participate in this study. Of
them, seven patients were excluded as they were not continu-
ously enrolled. The final intervention cohort was composed
of 240 patients, of which 102 were in the ‘gaps in adherence’
trajectory group, 94 were in the ‘gradual decline’ trajectory
group, and 44 patients were in the ‘rapid decline’ trajectory
group. The number of patients who successfully completed
each of the follow-up calls is as follows: 176 (73.33%) com-
pleted the second call, 108 (45%) completed the third call,
70 (29.16%) completed the fourth call, 41 (17.08%) com-
pleted the fifth call, and 31 (12.91%) completed the sixth
call.

Of the 1967 patients randomized to the control group, 698
patients were excluded due to disenrollment. Of the remain-
ing 1269 patients, 480 patients were randomly selected for
the control group. All the baseline characteristics for 720
patients (240 interventions and 480 controls) are presented
in Table 1. Significant differences across congestive heart
failure, coronary heart disease, prevalent users, and CMS
risk scores were observed between the intervention and con-
trol groups.
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Fig.3 Cohort formation
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3.1 Results of the Regression Models at 6 Months

At 6 months, the logistic regression model reported that
the MI intervention did not have a significant impact on
the adherence to ACEI/ARB (Table 2). Patients associated
with the ‘gaps in adherence’ trajectories (odds ratio [OR]:
2.61, 95% confidence interval [CI]: 1.69—4.04) or gradual
decline in adherence (OR: 1.65, 95% CI 1.06-2.55) were
significantly more likely to become adherent as compared
with the patients in the ‘rapid decline’ trajectory (regardless
of receiving the intervention or not). Prevalent users were
more likely to be adherent compared with incident users
(OR: 1.93,95% CI 1.21-3.09).
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K Received 1 call, n=240\

Received 2 calls, n=176
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The linear regression model determined that MI inter-
vention was significantly associated with better adherence
(p = 0.06; p = 0.03). Patients falling into the previous
adherence trajectories like gaps in adherence (f = 0.25;
p < 0.0001) or gradual decline in adherence (f = 0.16;
p < 0.0001) were positively associated with improved
adherence. Patients with congestive heart failure were
positively associated with better adherence (f = 0.11;
p = 0.04). Patients who had one or more previous hos-
pitalizations were less likely to be adherent (f = — 0.11;
p = 0.01). Finally, prevalent users were more likely to be
associated with better adherence (f = 0.09; p = 0.01).
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Table 1 Baseline demographics of included patients
Variable Intervention group (N = 240) Control group (N = 480) p-value
Frequency (%) Frequency (%)

Age

< 70 years 123 (51.25) 257 (53.54)

> 70 years 117 (48.75) 223 (46.46) 0.56
Gender

Male 95 (39.58) 208 (43.33) 0.33

Female 145 (60.42) 272 (56.67)
Health Plan

Low-income subsidy 118 (49.17) 236 (49.17)

No-subsidy 122 (50.83) 244 (50.83) 1.00
Prescriber specialty

General 207 (86.25) 410 (88.36)

Specialty 27 (11.25) 54 (11.64) 0.96

Missing 6 (2.50) 16 (3.33)
Myocardial infarction

Yes 4 (1.67) 10 (2.08)

No 236 (98.33) 470 (97.92) 0.70
Depression

Yes 31(12.92) 56 (11.67)

No 209 (87.08) 424 (88.33) 0.62
Congestive heart failure

Yes 26 (10.83) 30 (6.25)

No 214 (89.17) 450 (93.75) 0.03
Stroke

Yes 10 (4.17) 18 (3.75)

No 230 (95.83) 462 (96.25) 0.78
Coronary artery disease

Yes 63 (26.25) 92 (19.17)

No 177 (73.75) 388 (80.83) 0.03
Refill type

< 90 days 26 (10.83) 55 (11.46)

> 90 days 214 (89.17) 425 (88.54) 0.80
Number of other medications on index date

<2 169 (70.42) 340 (70.8.)

>2 71 (29.58) 140 (29.17) 0.90
Previous hospitalizations

>1 26 (10.83) 45 (9.38)

None 214 (89.17) 435 (90.63) 0.53
Prevalent users

No 25 (10.42) 90 (18.75) 0.004

Yes 215 (89.58) 390 (81.25)
Baseline trajectories

Gaps in adherence 102 (42.50) 177 (25.21)

Gradual decline 94 (39.17) 182 (37.92) 0.09

Rapid decline 44 (18.33) 121 (25.21)

Regimen complexity, mean (SD) 4.27 (4.32) 3.86 (3.94) 0.20

CMS risk score, mean (SD) 1.50 (0.99) 1.36 (0.83) 0.04

CMS Centers for Medicare and Medicaid Services, SD standard deviation
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Table 2 Results of logistic regression and linear regression models for 6 months

Variables Model I: Logistic regression (adherent vs non-  Model II: Linear regression
adherent)
OR (95% CI) p-value p estimate (SE) p-value

Intervention

Yes vs no 1.31 (0.94-1.83) 0.10 0.06 (0.02) 0.03
Previous trajectories

Gaps in adherence vs rapid decline 2.61 (1.69-4.04) <0.0001 0.25 (0.03) <0.0001

Gradual decline vs rapid decline 1.65 (1.06-2.55) 0.02 0.16 (0.03) <0.0001
Gender

Male vs female 0.89 (0.65-1.23) 0.50 —0.009 (0.02) 0.74
Age (y)

>70vs <70 0.82 (0.60-1.14) 0.25 —0.31(0.02) 0.74
Health plan

No subsidy vs low-income subsidy 0.86 (0.62-1.18) 0.36 —0.03 (0.02) 0.16
Myocardial infarction

Yes vs no 1.01 (0.27-3.82) 0.98 0.10 (0.11) 0.32
Depression

Yes vs no 1.06 (0.65-1.72) 0.80 —0.05 (0.04) 0.21
Congestive heart failure

Yes vs no 1.22 (0.63-2.36) 0.55 0.11 (0.05) 0.04
Stroke

Yes vs no 0.59 (0.24-1.44) 0.25 —0.04 (0.07) 0.55
Coronary artery disease

Yes vs no 0.98 (0.64-1.49) 0.93 —0.02 (0.03) 0.51
Refill type

> 90 days vs <90 days 1.12 (0.66-1.90) 0.66 0.03 (0.04) 0.42
Number of other medications on index date

>2vs<2 1.21 (0.75-1.96) 0.42 0.01 (0.04) 0.64
Previous hospitalizations

> 1 vs none 0.68 (0.37-1.24) 0.21 —0.12 (0.05) 0.01
Prevalent users

Yes vs no 1.93 (1.21-3.09) 0.005 0.09 (0.03) 0.01
Prescriber specialty

General vs specialty 0.84 (0.50-1.39) 0.50 —0.04 (0.04) 0.33

Regimen complexity 0.96 (0.91-1.02) 0.19 — 0.006 (0.004) 0.18

CMS risk score 1.01 (0.83-1.23) 0.90 —0.01 (0.01) 0.34

CI confidence interval, CMS Centers for Medicare and Medicaid Services, OR odds ratio, SE standard error

Furthermore, compared with the controls, patients receiv-
ing the intervention had less ACEI/ARB discontinuation
over 6 months following the intervention initiation, and this
was marginally significant (OR: 0.64; 95% CI 0.41-1.00).
Baseline adherence trajectories like gaps in adherence (OR:
0.14; 95% CI 0.08-0.24) or gradual decline in adherence
(OR: 0.34; 95% CI 0.21-0.54) were less likely to be asso-
ciated with discontinuation of ACEIs/ARBs. Patients with
congestive heart failure were less likely to discontinue (OR:
0.23, 95% CI 0.08-0.64). Patients who had one or more hos-
pitalizations were more likely to discontinue ACEI/ARB
(OR: 2.56; 95% CI 1.33-4.94) (Table 3).
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3.2 Results of the Regression Models at 12 Months

Within 12 months of intervention implementation, patients
who received the intervention had significantly better
adherence to ACEIs/ARBs than controls (OR: 1.46; 95%
CI 1.05-2.04) (Table 4). Patients who were in the ‘gaps
in adherence’ trajectory (OR: 2.65; 95% CI 1.69-4.18) or
‘gradual decline’ trajectory (OR: 2.19; 95% CI 1.38-3.46)
at baseline were more likely to be adherent than the patients
in the ‘rapid decline’ trajectory. Prevalent users were more
likely to be adherent than incident users (OR: 1.69; 95% CI
1.05-2.72).
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Table 3 Results of discontinuation logistic regression model for 6

months
Variables Discontinuation vs not
OR (95% CI) p-value

Intervention

Yes vs no 0.64 (0.41-1.00) 0.05
Previous trajectories

Gaps in adherence vs rapid decline 0.14 (0.08-0.24) < 0.0001

Gradual decline vs rapid decline 0.34 (0.21-0.54) < 0.0001
Gender

Male vs female 0.98 (0.65-1.47) 0.93
Age (y)

>70vs <70 1.20 (0.80-1.80) 0.37
Health Plan

No subsidy vs low-income subsidy 1.17 (0.78-1.76) 0.43
Myocardial infarction

Yes vs no 0.35 (0.07-1.67) 0.19
Depression

Yes vs no 1.63 (0.92-2.89) 0.09
Congestive heart failure

Yes vs no 0.23 (0.08-0.64) 0.004
Stroke

Yes vs no 1.17 (0.44-3.09) 0.73
Coronary artery disease

Yes vs no 1.55 (0.94-2.57) 0.08
Refill type

> 90 days vs < 90 days 1.04 (0.55-1.95) 0.89
Number of other medications on index

date

>2vs<2 1.08 (0.60-1.94) 0.79
Previous hospitalizations

> 1 vs none 2.56 (1.33-4.94) 0.004
Prevalent users

Yes vs no 0.73 (0.43-1.22) 0.23
Prescriber specialty

General vs specialty 1.26 (0.70-2.29) 0.43

Regimen complexity 1.01 (0.94-1.07) 0.76

CMS risk score 1.16 (0.92-1.46) 0.19

CI confidence interval, CMS Centers for Medicare and Medicaid Ser-

vices, OR odds ratio

The intervention group was more likely to be adherent
at 1 year after the intervention compared with the control
group (= 0.06; p = 0.02). Similar to the regression model,
baseline adherence trajectories (gaps in adherence: f = 0.24;
p < 0.0001; gradual decline in adherence: f = 0.15;
p < 0.0001) and prevalent users ( = 0.09; p = 0.006) were
positively associated with better adherence after interven-
tion. Finally, patients with prior hospitalizations were less
likely to be adherent after the intervention (f = — 0.12;
p =0.01).

At 12 months, MI intervention did not have any sig-
nificant impact on the discontinuation of ACEI/ARB (see
electronic supplementary material [ESM]). Patients with
depression, coronary artery disease, and previous hospitali-
zation were more likely to discontinue ACEI/ARB. Patients
grouped in the ‘gaps in adherence’ trajectory, ‘gradual
decline’ trajectory, congestive heart disease, and prevalent
users were less likely to be associated with discontinuation.

3.3 Sensitivity Analysis
3.3.1 Results of the Regression Models at 6 Months

Results of logistic regression for adherence showed that
patients receiving three or more follow-up calls were more
likely to be adherent (OR: 2.11; 95% CI 1.23-3.61) (see
ESM). The linear regression model showed that patients
receiving two or more follow-up calls were positively associ-
ated with better adherence (8 = 0.08; p = 0.02). The logistic
regression model for discontinuation at 6 months reported
that patients receiving three or more follow-up calls were
less likely to discontinue (OR: 0.41; 95% CI 0.17-0.97).

3.3.2 Results of the Regression Models at 12 Months

At 12 months post-MI implementation, patients who
received two or more follow-up calls were more likely to
be adherent (OR: 1.60; 95% CI 1.03-2.49). The same trend
was preserved in the linear regression model (f = 0.08;
p = 0.02). Finally, for the discontinuation outcome, no sig-
nificant association between the number of calls and discon-
tinuation was observed.

4 Discussion

The result of this prospective study concludes that a brief
MI intervention implemented by pharmacy students among
nonadherent ACEI/ARB patients has improved adherence at
1-year post-intervention. These results are consistent with
the previous study that documented improved statin adher-
ence among nonadherent patients by implementing MI inter-
vention tailored to prior statin adherence [29]. In this current
study, the beneficial effects of MI intervention on adherence
were preserved even after having a 3- to 4-month gap in
placing the intervention calls due to COVID-19. Discontinu-
ation rates after 6 months post-MI intervention were lower,
and this trend was marginally significant.

As of 2021, there were 48 million Medicare Part D
beneficiaries [40], and > 70% of antihypertensive users
are prescribed an ACEI/ARB [41-43]. Due to the reno-
protective effect of ACEIs/ARBs, they are recommended
as the first-line medication among elderly patients with
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Table 4 Results of logistic regression and linear regression models for 12 months

Variables Model I: Logistic regression (adherent vs non-  Model II: Linear regression
adherent)
OR (95% CI) p-value p estimate (SE) p-value

Intervention

Yes vs no 1.46 (1.05-2.04) 0.02 0.06 (0.02) 0.02
Previous trajectories

Gaps in adherence vs rapid decline 2.65 (1.69-4.18) <0.0001 0.24 (0.03) <0.0001

Gradual decline vs rapid decline 2.19 (1.38-3.46) 0.0008 0.15 (0.03) <0.0001
Gender

Male vs female 0.88 (0.63-1.22) 0.46 —0.01 (0.02) 0.67
Age (y)

>70vs <70 0.89 (0.65-1.24) 0.52 —0.03 (0.02) 0.19
Health Plan

No subsidy vs low-income subsidy 0.89 (0.64-1.24) 0.50 —0.01 (0.02) 0.47
Myocardial infarction

Yes vs no 1.03 (0.27-3.88) 0.96 0.07 (0.10) 0.45
Depression

Yes vs no 0.78 (0.47-1.29) 0.34 —0.07 (0.03) 0.05
Congestive heart failure

Yes vs no 1.26 (0.64-2.48) 0.48 0.09 (0.05) 0.07
Stroke

Yes vs no 1.04 (0.44-2.41) 0.92 —0.03 (0.06) 0.55
Coronary artery disease

Yes vs no 1.08 (0.70-1.65) 0.71 —0.02 (0.03) 0.44
Refill type

> 90 days vs < 90 days 1.13 (0.66-1.94) 0.64 0.02 (0.04) 0.59
Number of other medications on index date

>2vs <2 1.24 (0.77-2.02) 0.36 0.01 (0.03) 0.68
Previous hospitalizations

> 1 vs none 0.70 (0.38-1.28) 0.24 —0.12 (0.04) 0.01
Prevalent users

Yes vs no 1.69 (1.05-2.72) 0.02 0.09 (0.03) 0.006
Prescriber specialty

General vs specialty 0.64 (0.38-1.10) 0.11 —0.05 (0.04) 0.18

Regimen complexity 0.98 (0.93-1.03) 0.54 —0.003 (0.004) 0.43

CMS risk score 0.90 (0.73-1.10) 0.33 —0.02 (0.01) 0.06

CI confidence interval, CMS Centers for Medicare and Medicaid Services, OR odds ratio, SE standard error

comorbid diabetes and hypertension [44, 45]. Even after
implementing the Centers for Medicare & Medicaid Ser-
vices (CMS) Star Rating for medication adherence to
ACEIs/ARBs, adherence among MAP beneficiaries is still
suboptimal and remains an unmet challenge for various
stakeholders [30, 46]. Adherence to ACEI/ARB is one of
the quality measures in the CMS Star Rating program,
which is used to evaluate health plan performance and is
linked to reimbursement [47]. According to the Congres-
sional Budget Office, among Medicare (the government
health insurance program for individuals 65 years or older)
beneficiaries, as the prescription refills increase by 1%, the
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medical costs fall by 0.2% [48]. Among Medicare patients
with hypertension, a 1% increase in drug utilization results
in the reduction of medical costs (excluding pharmacy
costs) by 1.17% [49]. In addition, increasing adherence
to ACEI/ARB among Medicare beneficiaries has resulted
in potential cost savings associated with Medicare Part A
and Part B services resulting in lower annual expenditures
[50]. Medicare beneficiaries adherent to ACEI/ARB had
lower healthcare resource utilization than nonadherent
patients [41]. Hence, our study adds critical knowledge to
the growing body of evidence that a customized interven-
tion tailored to past adherence trajectories can improve
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adherence. Furthermore, the intervention was imple-
mented by MI-trained pharmacy students at no additional
cost. Fourth-year pharmacy students have the expertise
and knowledge to improve medication adherence. Trained
pharmacy students under the supervision of pharmacy pre-
ceptors or residents have demonstrated potential in effec-
tively addressing barriers to medication adherence among
patients with chronic illness [31, 51-53]. With the rising
physician shortage and healthcare expenditures [52, 54],
utilizing trained pharmacy students for disease manage-
ment is worthwhile [29, 52].

After 1 year post-MI implementation, the intervention
improved adherence among nonadherent hypertensive
patients with diabetes. This may be due to the following
reasons:

(1) The intervention was tailored based on the predictors
associated with lower adherence trajectories which
were identified in phase I of the study. The major pre-
dictors associated with falling into the lower adherence
trajectories were being male, refill type, age, having no
low-income subsidy, end-stage renal disease, depres-
sion, stroke, myocardial infarction, coronary artery dis-
ease, number of concomitant medications, prior hospi-
talizations, and CMS risk score [30]. These predictors
were incorporated while developing the scripts for MI
intervention.

(2) Incorporation of customized patient education and
individualized self-management activities. Forgetful-
ness was one of the major barriers that was reported.
MI-trained pharmacy students offered potential solu-
tions to improve medication-taking behavior. These
included using a pill box, keeping reminders for taking
medications, and taking all medications at the same
time [31, 55]. In this study, side effects and regimen
complexity were other barriers of adherence [31].
Pill burden among patients with multimorbidity is a
potential reason for suboptimal adherence [30]. Student
pharmacists have also played a critical role in collabo-
rating with other healthcare providers to address issues
like increased costs, side effects, and regimen complex-
ity [56]. Pharmacists educated the intervention group
regarding the long-term consequences of nonadherence
to antihypertensive medications. Tailored education
consistent with adherence patterns in combination with
MI have improved adherence.

(3) MI intervention may have improved patient motiva-
tion, self-efficacy, and hence promoted a favorable
and sustainable behavior change. Prior studies have
documented that for interventions to be more effective,
patients should be given autonomy to make decisions
and they should be encouraged to be involved during
decision making [31]. Pharmacists also played a sig-

nificant role in positive reinforcement and thus patients
felt empowered to follow the medication orders given
by physicians [57].

(4) With better patient—pharmacist interactions, patients
may have felt motivated to improve their adherence
[55]. Pharmacists were trained to provide nonjudgmen-
tal reflection to foster adherence. Positive relationships
with healthcare providers can have a significant impact
on adherence, especially among older adults [55]. Since
patients interact with their pharmacists more often
than with clinicians, pharmacists can educate and give
appropriate counseling. These counseling strategies
help to maximize patients’ engagement and reduce
their resistance regarding denial of suboptimal adher-
ence [55]. Furthermore, these strategies guided them
to change their attitudes and beliefs leading to a ‘goal
setting’ mentality to improve adherence [55].

(5) The number of follow-up calls and length of interven-
tion may have helped to improve patients’ perspectives
towards adherence. This is consistent with the existing
literature that more follow-up calls can help to sustain
the behavior change. MI intervention with a higher
number of calls was more likely to be effective com-
pared with just one call [32, 58]. Another prospective
study also reported that patients who received two or
more calls were more likely to be adherent than those
who received fewer than two calls [32]. Furthermore,
the discontinuation rate was also significantly lower
among the patients who received two or more follow-
up calls [32]. Similarly, in this study patients who
received two or more follow-up calls were more likely
to be adherent.

Patients falling into the ‘gaps in adherence’ trajectory
and ‘gradual decline’ trajectory were more likely to be
adherent and less likely to discontinue ACEI/ARB at 6- and
12-months post-MI implementation than patients falling in
the ‘rapid decline’ trajectory. This is consistent with a prior
prospective study that documented patients associated with a
‘rapid decline’ trajectory were less likely to be adherent and
more likely to discontinue statins 6 months after a tailored
MI intervention [29]. The mean PDC for the ‘rapid decline’
trajectory was lower than other adherence trajectories. This
indicates that adherence barriers associated with a ‘rapid
decline’ trajectory may not have been fully addressed even
after incorporating customized interventions, or more fre-
quent calls may be warranted for this group of patients to
better connect with the patient. Future studies should evalu-
ate the potential reasons for the rapidly declining adherence
pattern.

Prevalent users were more likely to be adherent and less
likely to discontinue than incident users. The suboptimal
adherence among incident users could be explained by the
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patient’s beliefs that antihypertensive medication is not
needed due to the lack of symptoms. Furthermore, it could
also be due to the fear of side effects and lack of awareness
regarding the potential future benefits of antihypertensive
medications [59, 60]. Patients with a history of hospitaliza-
tion were associated with nonadherence and discontinuation,
which is in line with prior literature [61, 62]. Patients with
congestive heart failure were more likely to be adherent and
less likely to discontinue, which is in concordance with pub-
lished literature [63].

4.1 Limitations

In this study, medications refilled outside the health plan or
by paying cash could not be captured. In addition, various
sociodemographic factors like race, education, health lit-
eracy, and income level were not available. This study could
not verify the reason for discontinuation of ACEI/ARB.
Since the intervention was in English, Spanish-speaking
patients could not be included in the study. Finally, while the
initial plan for the intervention was to have monthly follow-
up calls, due to the COVID-19 pandemic there were gaps in
the intervention, which could have affected the results; other
COVID-19-related factors such as the increased isolation
and depression that accompanied the pandemic may have
impacted the intervention’s effectiveness. It is also worth
noting that despite the previous interventions conducted by
the health plan for improving ACEI/ARB adherence (as a
CMS Star measure), patients included in this study were still
nonadherent; this may reflect the level of resistance and how
it could impact effectiveness of such interventions among
this population. Such interventions by the health plan were
not controlled for in this study but were implemented among
both controls and intervention patients.

5 Conclusion

The findings of this study demonstrate that despite the
gaps in the intervention and the unprecedented COVID-19
situation, the customized MI intervention based on prior
adherence trajectories improved adherence to ACEIs/ARBs
among patients with comorbid hypertension and diabetes at
1 year. This reveals that a brief telephonic MI intervention
may be effective in improving adherence and more research
is needed to evaluate sustained behavior change over a
longer period of time. Future studies should also develop
interventions in other languages such as Spanish so as to
improve adherence among racial and ethnic minorities.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40266-023-01008-6.
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