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Abstract
BACKGROUND—Poor medication adherence is a significant problem in hypertensive African
Americans. Although motivational interviewing (MINT) is effective for adoption and maintenance
of health behaviors in patients with chronic diseases, its effect on medication adherence remains
untested in this population.

METHODS—This randomized controlled trial tested the effect of a practice-based MINT
counseling versus usual care (UC) on medication adherence and blood pressure (BP) in 190
hypertensive African Americans (88% women; mean age 54 years). Patients were recruited from
two community-based primary care practices in New York City. The primary outcome was
adherence measured by electronic pill monitors; the secondary outcome was within-patient change
in office BP from baseline to 12 months.

RESULTS—Baseline adherence was similar in both groups (56.2% and 56.6% for MINT and UC
respectively, p = 0.94). Based on intent-to-treat analysis using mixed effects regression, a
significant time X group interaction with model-predicted post-treatment adherence rates of 43%
and 57% were found in the UC and MINT groups, respectively (p = 0.027), with a between-group
difference of 14% (95% CI, −0.2% to −27%). The between-group difference in systolic and
diastolic BP was −6.1 mm Hg (p = .065) and −1.4 mm Hg (p = .465), respectively, in favor of the
MINT group.

CONCLUSIONS—A practice-based MINT counseling led to steady maintenance of medication
adherence over time, compared to significant decline in adherence for UC patients. This effect was
associated with a clinically meaningful net reduction in systolic BP in favor of the MINT group.
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INTRODUCTION
African Americans have higher prevalence of hypertension and poorer hypertension-related
outcomes than whites.1-3 Poor medication adherence may explain the poor BP control in
African Americans.4, 5 Behavioral counseling strategies are effective in improving
medication adherence chronic diseases patients,6, 7 with little data in hypertensive African
Americans. Successful interventions include those that are emotionally supportive; involve
patients in their care; address patients’ beliefs about medications; and enhance patients’
confidence in their ability to overcome barriers to adherence.8-13 Motivational interviewing
(MINT), a counseling approach that has gained increased popularity in primary care
practices,14 encompasses several of these characteristics. MINT is defined as directive,
patient-centered counseling designed to motivate patients for change by helping them
recognize and resolve the discrepancy between their behavior, personal goals and values.15

In patients with chronic diseases, MINT is effective in facilitating the adoption and
maintenance of recommended health behaviors including weight loss, smoking cessation
and dietary habits.16-20 Despite its proven efficacy, the effect of MINT on medication
adherence remains untested in hypertensive African Americans in primary care settings.

In this randomized controlled trial, we tested the effect of a practice-based MINT versus
usual care (UC) on medication adherence and blood pressure (BP), among hypertensive
African Americans. We hypothesized a greater effect of MINT on medication adherence
compared to UC at 12 months; and that this effect would be associated with a significant
reduction in clinic BP.

METHODS
Setting and Patients

As described elsewhere, 21 patients were recruited from two community-based primary care
practices affiliated with New York Presbyterian Hospital Ambulatory Care Network.
Eligible patients were identified via electronic medical records (EMR) and asked to
participate during routine office visits by trained research assistants (RA). Eligibility criteria
included self-identification as African American or black; age ≥ 18 years; diagnosis of
hypertension; taking at least one antihypertensive medication; uncontrolled BP on two
successive office visits prior to screening (BP ≥140/90 mmHg or ≥130/80 mmHg for those
with kidney disease or diabetes);22 and fluency in English. Patients who agreed to
participate provided written informed consent. Cornell and Columbia University
Institutional Review Boards approved the study.

Baseline assessment and follow-up visits
At baseline, trained RAs assessed patients’ demographics and clinical history. Patients’
EMR were reviewed for clinic BP, and history of comorbidity was documented using
Charlson comorbidity index.23 Each patient was provided and taught how to use an
electronic pill cap equipped with the Medication Events Monitoring System (MEMS)
(Aprex Corporation, Fremont, California, USA). Patients were instructed to bring their
MEMS to all study visits. Follow-up assessments were conducted every 3 months, during
which patients’ adherence data were downloaded from their MEMS pill caps and their clinic

Ogedegbe et al. Page 2

Am J Hypertens. Author manuscript; available in PMC 2013 August 20.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



BP readings were retrieved from their EMR. Final assessment was conducted at 12 months.
All patients were reimbursed $25 after each study visit.

Randomization
After baseline assessment, patients were randomly assigned to either UC or MINT group by
the study statistician, using sealed envelopes. Separate randomization schedules were
developed from a computerized random-number generator, balanced at set intervals, using
permutated blocks, to assure equal numbers in each group. Due to the nature of the
behavioral intervention, neither the patients nor the RAs were blinded to the intervention.
However, the clinic staff that recorded the BP data were blinded to patient assignment. It is
important to note that medication adherence data were downloaded automatically into the
computer from the MEMS caps through a reader. Thus, both the research assistants and
patients could not affect MEMS adherence outcome.

Intervention
Details of the intervention are described elsewhere.21 Briefly, patients in the MINT group
received usual care plus behavioral counseling about medication adherence using MINT
techniques. Each patient received a 30-40 minute MINT counseling session at 3, 6, 9 and 12
months. All sessions were conducted by trained RAs using a structured MINT counseling
script.21 All sessions were audio-taped and fidelity of the RAs to MINT techniques was
assessed regularly by a trained MINT rater, who provided feedback to the RAs based on the
taped recordings.24 Because the use of MEMS pill caps is associated with increased
adherence, 25 the intervention was delivered 3 months post-randomization in order to allow
for habituation to the use of MEMS, and assessment of patients’ baseline medication
adherence level.

Patients in the UC group did not receive MINT counseling, but completed all assessments at
the same time intervals as the MINT group.

Outcomes and Measurements
The primary outcome was medication adherence between 10-12 months assessed with
MEMS pill caps, the accepted “gold standard” for adherence assessment.26 Patients were
required to monitor adherence to one antihypertensive medication taken once daily. For each
patient, there is a value from 0-k, where k is the number of times MEMS recorded an
opening for each day the patient was in the study. Patients were assigned missing values for
the days their MEMS were not used (i.e., “drug holidays”). The values for each day were
converted to a binary record, 0 = MEMS not opened, while 1 = MEMS opened once/day.
This metric (known as taking adherence), was the proportion of days in which the patient
took his or her medication as prescribed (once daily in this case).27

The secondary outcome was within-patient change in systolic and diastolic BP from baseline
to 12 months. Because of the desire to mimic real-world primary care practice, we did not
influence the BP measurement protocol used by the individual practices. All BP data were
extracted from patients’ EMR log of BP taken during patient's routine office visits. Thus, BP
measurements were carried out by nurses or certified medical assistants with mercury
sphygmomanometers.21 For this purpose, patients were required to be seated with their arms
bare and at least one BP reading was taken for each patient (as indicated in the electronic
medical records).

Statistical Analysis
The sample size was determined by a power analysis using a moderate change in adherence
rates as the effect size, power of .80 and significance level of α=0.05. This analysis
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suggested a sample size of 86 patients per group, but 190 patients were randomized (95 per
group). The primary outcome was MEMS adherence between 10-12 months. However,
MEMS data were categorized as missing for those patients who dropped out of the study and
those who did not return their MEMS caps. To conform to intent-to-treat principles, mixed
effects regression models were used to test the time X group interaction for the primary
analysis. For this purpose, all available data for all patients was used to estimate and test the
intervention effect. However, the description of the results and follow-up contrasts focused
on the group differences between 10-12 months. Additionally, we carried out extensive
evaluation of the missing value patterns to determine if data were missing at random (MAR)
before testing the intervention effects. For the 30 patients (16%) for which there were no
MEMS data due to damage of the MEMS pill caps, we evaluated the extent to which these
patients differed from other patients on all available data and undertook sensitivity analyses
to assess the possible effects of the missing data on the study results.

RESULTS
We screened 529 patients, of whom 330 were eligible, and we enrolled 190 into the trial
(Figure 1). Their mean age was 54 years; 88% were female; 17% were married; 77% had
high school or college education; with over half unemployed. The baseline mean systolic BP
was 144 mmHg (SD=19.2), with a mean diastolic BP of 86.6 mmHg (SD=11.4). Forty-five
percent had a Charlson comorbidity score ≥ 3 with one-third reporting diabetes; 8% had
heart failure and 4% had kidney disease. As shown in Table 1, there were no significant
differences between both groups at baseline, and their adherence rates were also similar
(56.2% ± 35.5% for MINT versus 56.6% ± 34.1% for UC, p = 0.948).

Medication Adherence: Completer Analysis
A total of 190 MEMS pill caps were distributed to patients. Of these, 160 caps were returned
(84%), while 30 patients (16%) had no usable MEMS data due to damage. Of the 160
patients with MEMS data, 111 (70%) had complete MEMS data. Among these 111 patients,
the MINT group had a higher adherence rate compared to UC (60% vs. 47% respectively, p
= .054) with a between-group difference of 13% (95% CI, −0.2% to 27%).

Medication Adherence: Intent to Treat Analysis
The 160 patients with MEMS data contributed a total of 520 observations to the analyses. If
all 160 patients had complete data, there would have been 640 (four assessment periods X
160 patients) MEMS observations. Thus, the available data represents 520/640 = 81% of the
possible MEMS data. The primary analysis was mixed effects regression using all 520
observations. A critical assumption for using mixed effects regression with incomplete data
is that the data were MAR. Based on Little's MCAR test we could not conclude that the data
were MCAR (chi-square = 26.7, df = 15, p = .031). Thus, we created a variable indicating
whether or not a patient had missing data, and correlated this variable with adherence rates
at the four assessment periods. The correlations between missingness and these adherence
rates were small and non-significant. Most importantly, the correlation with the final post-
treatment adherence rates at 10-12 months was −.015, p=.872, suggesting that the data can
be treated as MAR.

Overall, there was a significant reduction in adherence throughout the study period that
corresponded to a reduction in adherence rate of 4% per quarter, and the test of this overall
downward linear trend was significant (t with 127.5 df = −2.77, p = .006). To test whether
these trends differ between the MINT and UC groups, models containing a time (quarterly
trend) X intervention interaction were fitted. The parameter for the critical time X
intervention interaction of .0456 was statistically significant (t with 121.4 df =2.24, p=.027).
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To interpret this interaction, the parameter estimate from the mixed effects regression model
was used to predict the pre-intervention and post-intervention adherence rates for both
groups. Using mixed regression analysis, a significant time X group interaction with model-
predicted post-intervention adherence rates of 43% and 57% was found for the UC and
MINT groups, respectively (p=.027), see Table 2.

In order to describe the observed differences in the adherence pattern across time for both
groups, we fitted a LOWESS smoother to the data obtained (Figure 2). Then we evaluated
the pre-post differences in adherence separately for the UC and MINT groups in follow-up
contrasts, using mixed regression but with time (assessment period) specified as a four-level
factor. In this analysis there was a significant drop between the baseline versus post-
intervention adherence rate for the UC group (−12.9%, t=−2.89 with 159 df, p=.004) and a
slight increase between the baseline versus post-intervention adherence rate for the MINT
group (1.1%, t = .24 with 159 df, p=.810). This analysis indicates that the primary effect of
MINT was to prevent the decline in medication adherence observed in the UC group. Based
on the parameter estimates from the mixed regression analysis there was a significant overall
drop in adherence of about 4% per quarter, but this effect was off-set with an additional gain
of about 0.5% per quarter for the MINT group. Thus, there was a significant decrease in
adherence for the UC group from baseline to 12 months and an overall non-significant
increase in adherence for the MINT group; this difference is reflected in the significant
group X contrast interaction.

Sensitivity analyses of patients without MEMS Data
As stated previously, 30 patients had no useable MEMS data. These 30 patients were evenly
split between the MINT and UC groups (N=14 and 16, respectively) and there was no
difference between the 160 patients who had MEMS data and the 30 who had none on any
of the baseline measures. Nonetheless, the extent to which the results of the primary
analyses would change under various scenarios of hypothetical data for these 30 patients
was evaluated. Under the most extreme case where the adherence rates for these 30 patients
is the opposite of those found in the 160 patients with data (that is the 14 UC subjects had
higher adherence rates than the 16 MINT subjects), the significant effect was lost. However,
under less extreme possible data patterns, we found a smaller but significant effect in favor
of the MINT group. For example, we assumed that for this group of patients there was no
treatment effect and we assigned all 30 patients the overall average adherence rate at each of
the four assessment periods and then repeated the mixed regression analyses with these
patients included. We tested the obtained parameter estimate for the time X treatment
interaction from this analysis against the standard error and degrees of freedom from the
analysis with 160 patients (to avoid taking advantage of the reduced variability in the data
that results from assigning the mean to 30 patients). The results of this analysis indicated a
smaller, but still statistically significant, group X time intervention effect in favor of the
MINT group (t with 121.4 df = 1.78, p=.039, one-tailed).

Blood Pressure
Mixed regression analysis was used to compare the effects of MINT versus UC on systolic
and diastolic BP. Parameter estimates from the mixed regression analysis indicated a
significant overall drop in systolic BP of 5.1 mmHg across 12 months for both groups (t
with 145.1, df = −2.26, p=.026) and the MINT group showed an additional drop (time X
treatment interaction) of 6.1 mmHg (t with150.5 df = −1.86, p = .065; Table 2). For diastolic
BP, there was also a significant overall drop of 3.5 mmHg across the 12 months (t with
151.2, df = −2.61, p=.01), but the MINT group did not show an additional drop (time X
treatment interaction, t with 156.7, df = −.73, p=.465; Table 2).
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COMMENTS
In this practice-based trial, MINT counseling led to steady maintenance of medication
adherence over 12 months, compared to a significant decline noted in the UC group.
Although not statistically significant, this effect was associated with a clinically meaningful
net reduction in systolic BP in favor of the MINT group. To our knowledge, this is the only
randomized trial that tested the long-term effect of practice-based MINT on medication
adherence and BP control in hypertensive African Americans. We are not aware of any
practice-based behavioral intervention targeted at medication adherence in this patient
population. Another major strength of our study is the long duration of medication
adherence assessment with the objective MEMS. Previous adherence intervention trials
suffered from the lack of objective measures of adherence, short-term duration of the
outcomes assessed, and low minority participation.6, 7, 9, 28

Motivational interviewing is an increasingly popular patient-centered approach to behavioral
management of chronic diseases in primary-care settings.29, 30 One mechanism through
which MINT exerts its positive effects on health behaviors is enhancement of self-
motivation,14, 31 which increases patients’ readiness to change and confidence in their
ability to overcome barriers necessary to achieve a desired outcome. Although results from
recent reviews indicate the positive effect of MINT on psychological, physiological, and
lifestyle-change outcomes in patients with chronic diseases, 29, 30 only one pilot study
assessed the effect of MINT on self-reported adherence to medications in HIV patients.32 In
that study, patients randomized to the intervention group received 3 MINT sessions
delivered by nurses whereas the control group patients received UC. Although not
significant, at two months, patients in the MINT group reported higher self-reported
adherence scores and fewer missed doses. While this study provides preliminary evidence
for the role of MINT in improving medication adherence, the lack of an objective measure
of adherence and short duration limits the interpretation of the true effect of MINT on
medication adherence. In our study, we assessed medication adherence for a much longer
duration (12 months) with an objective and accepted “gold standard” for adherence
assessment.

Although MINT was not used, similar effects of behavioral counseling approach on
adherence in patients with other chronic diseases have been reported.33-38 However,
majority of these studies had short duration of adherence monitoring (typically 3 to 6
months) and were not practice-based.34-38 In one of the few MEMS studies that extended
beyond a 6-month monitoring period, Weber et al. also reported steady maintenance of
MEMS adherence in 60 HIV positive patients randomized to monthly cognitive behavioral
therapy compared to usual care for a 12- month period.33 While there was no significant
worsening of adherence in the intervention arm, the usual care arm showed significant
reduction of 8.7% per year in MEMS adherence (p=.006).33

While not statistically significant, the net reduction in systolic BP of 5 mm hg over 12
months in favor of the MINT group achieved in our study was clinically meaningful.
Woollard et al. reported a similar finding in an 18-week trial that tested the effect of MINT
versus usual care among 166 hypertensive patients followed in a general practice in
Australia.39 In that study, patients randomized to six face-to-face, monthly MINT sessions,
including one low-intensity, face-to-face session and five telephone MINT sessions
delivered by trained nurses, showed net significant decreases in systolic BP at 18 weeks (−4
and −2 mmHg respectively, p< .05), compared with UC. In traditional antihypertensive drug
trials, the magnitude of systolic BP reduction noted in our trial has been associated with
significant cardiovascular risk reduction and mortality.22
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We should note two limitations of this study. First, majority of patients were low-income
women, which limits generalizability of our findings to the broader African-American
population. Second, the greater reduction seen in SBP for the MINT group could be
explained by greater intensity in medication adjustment. But we did not collect this data and
as such cannot make any statement about this claim. Despite these limitations, our findings
suggests that MINT counseling delivered every 3 months in a practice-based setting, led to
steady maintenance of medication adherence in hypertensive African Americans compared
to UC. This effect was associated with a clinically meaningful reduction in systolic BP.
These findings set the stage for future studies to assess the cost-effectiveness of this
approach for maintenance of adherence to prescribed antihypertensive medications in this
high-risk population. Future studies should explore the integration of MINT into standard
practice for this patient population, especially given its widespread use for self-management
behaviors in patients with chronic diseases.
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Figure 1.
Consort Flow Diagram.
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Figure 2.
Results of LOWESS Smoother Curve Testing the Time X Treatment Interaction
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Table 1

Comparison of Baseline Characteristics by Randomization Group

Characteristic Value, n (%)

Intervention (n = 95) Control (n = 95) p-value

Mean Age +/− SD 53.45 (11.35) 54.04 (12.81) .29

Female (%) 84 (50) 84 (50) .59

Marital Status (%)

    Single 49 (58) 35 (42)

    Married 13 (39) 20 (61) .12

    Separated 26 (45) 32 (55)

    Widower 7 (47) 8 (53)

Education (%)

    Elementary 21 (48) 23 (52)

    High school/GED 41 (48) 44 (52) .49

    Some college 33 (54) 28 (46)

Employment Status (%)

    Employed full time 15 (52) 14 (48)

    Employed part time 8 (62) 5 (38)

    Retired 12 (60) 8 (40) .29

    Not working 60 (45) 68 (55)

Type of insurance (%)

    HMO 11 (85) 2 (15)

    Medicare 11 (50) 11 (50) .06

    Medicaid 65 (46) 75 (54)

    Self 8 (53) 7 (47)

Annual income (%)

    Unknown 14 (48) 15 (52)

    ≤$20,000 58 (48) 64 (52) .33

    >$20,000 23 (59) 16 (41)

    CHF (%) 6 (43) 8 (57) .42

    Stroke (%) 11 (44) 14 (56) .37

    Diabetes (%) 31 (51) 30 (49) .44

    Kidney disease (%) 4 (57) 3 (43) .48

Charlson Comorbidity Score (%)

    0 12 (35) 22 (65) .43

    1-2 34 (55) 28 (45)

    ≥3 36 (51) 35 (49)

Mean DBP (+/− SD) 145.79 (19.76) 143.11 (18.36) .33

Mean SBP (+/− SD) 86.22 (11.67) 87.09 (12.49) .59

Antihypertensive Medications (%)

    ACE-Inhibitor 43 (45) 32 (34) 0.47
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Characteristic Value, n (%)

Intervention (n = 95) Control (n = 95) p-value

    Beta Blocker 29 (31) 28 (30) 0.76

    Calcium Channel Blocker 27 (28) 28 (30) 0.76

    Diuretic 32 (34) 39 (41) 0.64

    Combination 20 (21) 21 (22) 0.76

p-value indicates differences in values between intervention and control groups

HMO: Healthcare Maintenance Organization SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure
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Table 2

Outcome Measures based on the Mixed Regression Intent to Treat Analyses

UC (N = 79) MINT (N = 81)

Medication Adherence Pre Post Pre Post

Predicted Medication Adherence Scores (%) 55.2% 42.9% 55.4% 56.9%

Change −12. 3% +.5%

UC (N = 95) MINT (N = 95)

Blood Pressure Pre Post

Predicted SBP (mm Hg) 141.9 136.8 144.2 133.0

Change (mm Hg) −5.1 −11.2

Predicted DBP (mmHg) 86.3 82.82 86.0 81.1

Change (mm Hg) −3.48 −4.92
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