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1  | INTRODUC TION

High blood pressure (hypertension [HTN]) is a prevalent chronic 
condition, affecting with 1 in 3 (34%) adult Americans 20 years 
and older.1 It is the most frequent chronic medical condition among 
adults aged 65 years and older2 and is a leading risk factor for many 
cardiovascular conditions, including heart attack, stroke, aneurysm, 

and heart failure.1,3 In the US, the estimated direct and indirect cost 
of HTN for 2012-2013 was $51.2 billion and may increase to an esti-
mated $200 billion by 2030.1

From NHANES data, 17.2% of US adults are not aware that they 
have high blood pressure (BP).4 Moreover, HTN is not well-controlled, 
75.7% were currently taking medication to lower their BP, but only 
51.9% of those who took antihypertensive drug treatment achieved 
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a BP goal of less than 140/90 mm Hg.4 From an estimate derived 
from a mathematical model, a 10% increase in hypertension treat-
ment/control (ie, risk factor reduction and use of medications) would 
result in 14 000 prevented deaths.5

Many interventions have been tested to improve BP control in 
patients with HTN.6-12 The findings from randomized controlled tri-
als (RCTs) have indicated that the use of antihypertensive drug ther-
apy is one of the most effective ways to reduce both systolic and 
diastolic BP.6 Medication adherence is therefore critical to achieve 
and sustain BP control,3,13 but barriers to optimal medication ad-
herence are complex and multi-dimensional,14 especially for rural 
patients.15

Health coaching is an important intervention to provide patients 
with education, information, and skills needed to support a healthy 
lifestyle, self-manage their chronic condition(s), and prevent exacer-
bations or complications of chronic illness at home. This coaching can 
be delivered by clinicians or peers16 and has shown promising effects 
in improving outcomes.9,17-19 In a multicenter RCT entitled Coaching 
Patients on Achieving Cardiovascular Health (COACH), patients in 
the coaching intervention group had significantly greater reductions 
in total cholesterol level, BP, body weight, body mass index, dietary 
intake of total fat, saturated fat, and cholesterol.17 Among patients 
with HTN, a series of phone health-coaching intervention studies 
have shown that participants in the health-coaching group improved 
their medication adherence19 and decreased their systolic and dia-
stolic BP compared to the control group.9,18,19

However, no studies have reported on the effectiveness of in-
terventions that include literacy-sensitive (ie, easy-to-understand 
educational materials) health coaching when specifically used in 
populations with larger numbers of African-American hypertensive 
patients in rural primary care settings. Furthermore, to our under-
standing, no study reported whether changes in medication adher-
ence over time were associated with changes in systolic and diastolic 
BP longitudinally. Therefore, the purpose of this study was to deter-
mine whether a multicomponent quality improvement intervention 
in rural primary care, that included an evidence-based and literacy-
sensitive health-coaching component, was associated with improve-
ment in self-reported medication adherence, and subsequently, with 
reductions in BP. Also, to determine whether changes in medication 
adherence over time were associated with changes in systolic and 
diastolic BP longitudinally in patients with uncontrolled HTN.

2  | METHODS

2.1 | Study design

This study was a secondary data analysis of the Heart Healthy 
Lenoir (HHL) hypertension Project that was designed to reduce 
disparities in HTN control in a rural county in NC; details of the 
HHL project were previously published.20,21 In this study, investi-
gators focused on changes in medication adherence and associated 
changes in BP from a prospective, practice-based, multicomponent 
quality improvement intervention that included an evidence-based 

and literacy-sensitive health-coaching component. The prospective 
study was conducted in rural primary care settings and evaluated 
using a cohort of patients with uncontrolled HTN.

2.1.1 | Sample and setting

Detailed eligibility criteria, recruitment methods, data collection 
processes, intervention components, and rationale for this study 
have been published previously.20 In short, the study took place 
across 6 primary care practice settings that were all in a rural county 
(ie, non-metropolitan statistical area) in North Carolina with a large 
minority population. Participants who were 18 years and older, cur-
rent patients from 1 of the 6 participating practices in the study, 
had a systolic BP ≥150 mm Hg during at least one office visit in the 
last year from the electronic health records (EHRs) and/or medi-
cal records, and provided informed consent were enrolled in this 
study. A CONSORT diagram of participant enrollment as well as 
primary blood pressure outcomes have been provided in a prior 
publication.21

2.1.2 | Health-coaching component of the 
intervention

The practice-based phone health-coaching component was embed-
ded in a larger quality improvement intervention involving strategies 
to systematically improve care processes for hypertension manage-
ment in rural primary care settings as described in detail by Halladay 
and colleagues.20 The evidence-based health-coaching component 
of the intervention was modelled on a telephone self-management 
intervention used in the Take Control of Your Blood pressure (TCYB) 
study for uncontrolled hypertensive patients.9,19 In this study, in-
vestigators worked closely with the TCYB study team to develop a 
literacy-sensitive phone coaching program involving monthly tele-
phone encounters with rural practice patients using scripted healthy 
lifestyle and hypertension management information (ie, stress man-
agement, sodium intake, alcohol and tobacco use, healthy eating, 
physical activity, patients/provider interaction, medication adher-
ence, home BP monitoring, and weight loss) that included coach-
supported motivational interviewing techniques, and goal setting 
strategies to promote behavioral change. Telephone encounters 
were led by 2 local health coaches who received extensive training in 
the use of the scripted health-coaching materials and who practiced 
these skills using role playing exercises. Details of the intervention 
components have been previously published.20

Each consenting patient participant received: (1) a home BP 
monitor and instructions on accurate home BP measurement tech-
nique and were asked to measure their BP 3 times per week, and (2) 
12 monthly coaching calls that included a review of home BP mea-
surements, medications, challenges to medication adherence, and 
self-determined goal setting.

After baseline assessment, participants received a letter to re-
mind them about their upcoming scheduled call with their phone 
coach, along with educational materials that would be discussed 
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during the call. Participants were also provided with their phone 
coach’s contact information if they had questions or needed as-
sistance problem-solving. During each call, the coach started by 
reviewing the participant’s recent home BP readings and then as-
sessing their medication adherence over the past month (“are you 
taking your medicine as prescribed?”). If any problem was identi-
fied (ie, high BP readings or poor medication adherence), the phone 
coach would discuss the possible reasons/barriers and help partic-
ipants to solve their problem. The phone coach then followed the 
scripted curriculum for that encounter. At the end of each call, the 
phone coach helped participants to set short-term goals to work on 
between coaching sessions and tracked progress with their goals 
over time.

2.2 | Measurement

2.2.1 | Medication adherence

Medication adherence, the primary outcome measure, was meas-
ured by patient self-report at baseline and at 6, 12, 18, and 24 month 
follow-up research visits (ie, visits in addition to their routine primary 
care visits and specifically intended for research data collection) 
using the reliable and well-validated 8-item Morisky Medication 
Adherence Scale (MMAS-8).22 Patients were asked to respond to 7 
yes-no items and 1 item using a 5-point Likert response to assess 
how often over the last 2 weeks they have adhered to their medica-
tion regimen. Scores were summed for a total score that ranged from 
0-8; higher scores indicating better medication adherence. The in-
vestigators also dichotomized this variable as low medication adher-
ence (MMAS score <6) or high medication adherence (MMAS score 
6-8 that included medium adherent [6 to <8] and high adherent [8] 
in the original Morisky and colleagues22 paper). The MMAS-8 has 
demonstrated acceptable internal consistency (Cronbach’s α = .83) 
and good concurrent and predictive validity, and has been used in 
patients with hypertension.22

2.2.2 | Blood pressure changes

Blood pressure data was also collected at the baseline, 6, 12, 18, and 
24 months research visits. BP was measured in the sitting position 3 
times, and averaged at each time point using standardized methods 
described in the Seventh Report of the Joint National Committee on 
the Prevention, Detection, Evaluation, and Treatment of High Blood 
Pressure.23 Changes in systolic and diastolic BP were calculated by 
subtracting the BP measurement at each follow-up time point from 
the baseline BP.

2.2.3 | Covariates

Patient’s age, gender, race/ethnicity, annual household income, 
health insurance, number of comorbidities, number of oral anti-
hypertensive medications, and medication side effect (yes/no) were 
obtained by patient interviews using a structured questionnaire. 

Health literacy was assessed by the Short Test of Functional Health 
Literacy in Adults (s-TOFHLA).24 This health literacy instrument is re-
liable and has been validated in patients with cardiovascular-related 
diseases and other chronic diseases.25,26 Project staff also recorded 
each participant’s number of coaching calls completed.

As noted in the design and outcome manuscripts by Halladay 
and colleagues20 and Cene and colleagues,21 38% of the partici-
pants also co-participated in a lifestyle component of the inter-
vention that aimed to improve their diet quality and increase their 
physical activity. To adjust for the effects of the lifestyle compo-
nent of the intervention in the analysis, information regarding par-
ticipation in the lifestyle intervention was also collected and used 
in the analysis.

2.3 | Procedure

Permission for the conduct of the study was obtained from the 
University of North Carolina Biomedical Institutional Review Board 
(IRB). The list of potential participants (with systolic BP ≥150 mm Hg) 
were identified and generated from each of the 6 primary care prac-
tices in the study. The potential participants were contacted by 
phone and a trained research assistant confirmed their eligibility. 
During the enrollment visit, participants provided informed consent 
and completed the baseline questionnaire (eg, s-TOFHLA) and other 
measures (eg, BP, height, weight) and also were given a home BP 
monitor and associated training for proper use. Participants received 
monthly health-coaching phone calls over 1 year. In addition to their 
usual primary care visits, follow-up research only visits occurred at 
6, 12, 18, and 24 months post baseline.

2.4 | Data management and analysis

Data analyses were performed using SPSS 24 and R-3.3.0; a signifi-
cance level of .05 was used throughout. Data analysis began with a 
descriptive examination of all variables, including frequency distri-
butions, percent, means, and standard deviations as appropriate to 
the level of measurement of the variables.

The investigators used linear mixed effects modeling to explore 
crude temporal changes of the intervention on medication adher-
ence (MMAS-8 score) and BP (systolic and diastolic) over time (ie, 
changes over the 24 months). Further, mixed modeling was used to 
explore whether changes in medication adherence over time were 
associated with changes in systolic and diastolic BP at different fol-
low-up time points with and without controlling for the following 
covariates: age, gender, race, health literacy, number of oral anti-
hypertensive medications, medication side effect, the number of 
coaching sessions attended, and receiving lifestyle intervention or 
not, as these factors might influence medication adherence and 
BP. In addition, we used two-sample t-test and Fisher’s exact test 
to compare changes of MMAS scores, systolic and diastolic BP, and 
percentage of patients with high medication adherence from base-
line to 6, 12, 18, and 24 months between low and high medication 
adherence groups.
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3  | RESULTS

3.1 | Patient characteristics

We prescreened 796 patients, 574 patients attended an enrollment 
visit, and 49 of these were not eligible; therefore, there were 525 
participants who met the inclusion criteria and enrolled in the par-
ent study at baseline.21 Among these 525 participants, 477 were 
included in this study who had at least 1 record on medication ad-
herence and BP. The majority of the patients were female, black, and 
reported an annual household income of <$40 000. Participants 
in the high adherent group were older (58.5 vs 54.9), had higher 
MMAS scores at baseline (6.6 vs 4.3), and lower DBP (78.9 vs 
84.7 mm Hg) compared with those in the low adherent group. In 
addition, 112 participants did not receive/attend any coaching calls. 
Comparing those with and without attended coaching calls, there 
were no differences in any demographic, clinical characteristics, 
baseline MMAS score, SBP, or DBP. Baseline demographic/clini-
cal characteristics and comparisons between high and low adher-
ence groups and between those with and without coaching calls are 
given in Table 1.

3.2 | Medication adherence and BP changes 
over time

The mean baseline medication adherence as measured by the 
MMAS-8 was 5.75 ± 1.4. Approximately 40% of the patients had 
low medication adherence (MMAS-8 score <6) at baseline. In a 
linear mixed effects model, crude temporal changes in medication 
adherence increased from 5.75 ± 1.4 at baseline to 5.94 ± 1.33 at 
24 months follow-up, or by .0084 per month on average (P = .04). 
Following adjustment for covariates, patients who reported medi-
cation side effects had lower medication adherence rates (P < .001) 
across time; black patients also had lower medication adherence 
rates across time (P = .02). Further, no differences in the response 
of MMAS scores were found by age or gender. There was not a clear 
relationship between the number of coaching sessions attended 
and improvement in MMAS scores (P = .42), or between receiv-
ing lifestyle intervention or not and improvement in MMAS scores 
(P = .42). In patients with low medication adherence at baseline, the 
relationship between the number of coaching sessions attended and 
improvement in MMAS scores was not significant (P = .58). The med-
ication adherence effect size of the coaching intervention was 0.14 
(small effect size) for baseline and 24 months comparisons.

The crude temporal changes in BP were as follows: systolic BP de-
creased from 138.6 ± 21.8 mm Hg at baseline to 132.7 ± 19.5 mm Hg 
at 24 months follow-up (a reduction of 5.9 mm Hg), or by an av-
erage of 0.22-0.25 mm Hg per month, both before and after ad-
justment for covariates (P < .001). Diastolic BP decreased from 
81.6 ± 12.9 mm Hg at baseline to 76.1 ± 14.5 mm Hg at 24 months 
follow-up (a reduction of 5.5 mm Hg), or by an average of 0.24-
0.26 mm Hg per month, both before and after adjustment for co-
variates (P < .001). The effect sizes were 0.29 (small effect size) for 
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systolic BP and 0.4 (medium effect size) for diastolic BP for baseline 
and 24 months comparisons.

3.3 | Association between medication adherence 
changes and BP changes over time

In linear mixed effects models, changes in medication adherence 
(MMAS scores) over time were significantly associated with reduc-
tions in diastolic BP, even after adjusting for covariates. Although 
changes in adherence and BP and likely not linear, in the initial un-
adjusted model, for each 1 point increase in the MMAS score, the 
diastolic BP decreased by 0.053 mm Hg more per month (P = .07). 
In an adjusted model, if the MMAS score increased by 1 point, the 
diastolic BP decreased by 0.059 mm Hg more per month (P = .047). 
At baseline, HTN patients who had a higher MMAS score had lower 
diastolic BP (P < .001). If a patient’s MMAS score was 1 point higher 
than another patient’s at baseline, then his/her diastolic BP was 
lower by 1.83 mm Hg in the crude model and 1.89 mm Hg in ad-
justed models (both P < .001).

Similarly, in linear mixed effects models evaluating changes 
in systolic BP, there was a trend in the expected direction but the 
changes did not achieve statistical significance (P = .3 and .42, re-
spectively in unadjusted and adjusted models). In the initial unad-
justed model, for each 1 point increase in the Morisky score, the 
systolic BP decreased by 0.049 mm Hg more per month (P = .3). In 
an adjusted model, if the Morisky score increased by 1 point, the 
systolic BP decreased by 0.038 mm Hg more per month (P = .42). 
At baseline, HTN patients who had a higher Morisky score tended 
to have lower systolic BP. If a patient’s Morisky score was 1 point 
higher than another patient’s at baseline, then his/her systolic BP 

was lower by 0.417 mm Hg in the crude model and 0.575 mm Hg in 
adjusted models (P = .5 and .36 for unadjusted and adjusted models, 
respectively).

3.4 | Comparisons of medication adherence 
scores and BP between high and low medication 
adherence groups

One hundred and ninety-two patients (40.3%) had low medication 
adherence and 285 patients (59.7%) had high medication adherence 
at baseline (Table 2). When we compared changes of medication 
adherence over time between those with high and low medica-
tion adherence at baseline, MMAS scores improved by 1.5 points 
from baseline to 6 months in patients with low medication adher-
ence, and the improvement was sustained at 12 months, 18 months, 
and 24 months follow-up. By contrast, MMAS scores decreased by 
1 point from baseline to 6 months in patients with high medication 
adherence at baseline and stayed worse than baseline at 12, 18, and 
24 months follow-up (P < .001). It is important to note that among 
those with low medication adherence at baseline, 64% of them im-
proved to high medication adherence at 6 months, while those with 
high medication adherence at baseline, only 58% of them continued 
to exhibit high medication adherence in follow-up; however, the dif-
ference between groups did not reach statistical significance.

Similarly, diastolic BP decreased by 8 mm Hg from baseline to 
6 months in patients with low medication adherence at baseline and 
stayed lower than baseline by 10 mm Hg at 12, 18, and 24 months. 
By contrast, diastolic BP only decreased by 1-4 mm Hg in patients 
with high medication adherence at baseline when followed from 
baseline to 6-24 months. The differences in diastolic BP between 

TABLE  2 Comparisons on medication adherence and blood pressure between low and high medication adherence groups (N = 477)

6 months-baseline 12 months-baseline 18 months-baseline 24 months-baseline

Changes of morisky medication adherence scale scores

Low MA at baseline 1.47 1.45 1.57 1.64

High MA at baseline −0.93 −0.89 −0.78 −0.80

P <.001 <.001 <.001 <.001

Percentage of patients with high medication adherence at different follow-up period

Low MA at baseline 63.6% 58.4% 64.9% 63.6%

High MA at baseline 57.9% 68.4% 64% 64.9%

P .253 .025 .846 .771

Changes of diastolic blood pressure

Low MA at baseline −7.67 −10.18 −9.85 −10.47

High MA at baseline −1.26 −0.66 −4.51 −3.37

P .015 <.001 .059 .015

Changes of systolic blood pressure

Low MA at baseline −8.21 −11.96 −10.25 −9.74

High MA at baseline −3.36 −1.66 −5.60 −3.70

P .278 .035 .327 .163

MA, medication adherence.
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high and low medication adherence groups reached statistical sig-
nificance (P < .05), except at 18 months (P = .059). Likewise, systolic 
BP decreased by 8 mm Hg from baseline to 6 months in patients 
with low medication adherence and stayed lower than baseline by 
10-12 mm Hg at 12, 18, and 24 months. By contrast, systolic BP only 
decreased by 2-6 mm Hg in patients with high medication adherence 
at baseline when followed for 6-24 months. The difference between 
groups reached statistical significance only at 12 months (P = .035); 
but not at 6, 18, or 24 months.

4  | DISCUSSION

As health care delivery shifts to more quality-focused metrics, there 
is intensive investigation regarding optimal strategies to improve 
care outcomes, particularly for patients in communities with lim-
ited resources. In this study, the investigators demonstrate that a 
practice-based, multicomponent intervention, including monthly 
phone-based health coaching delivered by local health coaches, in 
conjunction with home BP monitoring and practice improvement 
activities, improves medication adherence and produces modest 
reduction in BP over 2 years in rural African American and white 
patients with a history of uncontrolled HTN. These findings are con-
sistent with prior investigators’ findings,8,9,11 but extend this work to 
include rural and minority patients with uncontrolled hypertension 
in a primary care anchored delivery model.

The coaching intervention effect on medication adherence is 
consistent with the prior intervention studies, including the TCYB 
study19 and a RCT in patients with poorly controlled diabetes, hyper-
tension, and/or hyperlipidemia by Thom and colleagues.27 However, 
although the TCYB study followed participants for 24 months, 
only 6-month data on medication adherence were reported.19 In 
this study, we reported 24-month longitudinal data on medication 
adherence. We not only found that our coaching intervention im-
proved medication adherence over time; most importantly, we also 
found that changes in medication adherence were associated with 
the observed reductions in systolic and diastolic BP over 24 months. 
Specifically, at any given time point, when medication adherence 
increased, the magnitude of reductions in systolic and diastolic BP 
increased. To our knowledge, this is the first study that has reported 
the relationship of changes in medication adherence over time to 
changes in systolic and diastolic BP at different follow-up time points 
in hypertensive patients, specifically in rural practices. Our finding is 
important as it indicates that patients with greater improvement in 
medication adherence will experience greater reduction in systolic 
and diastolic BP. These findings confirm the effectiveness of the 
multicomponent coaching intervention on medication adherence 
and BP in rural areas, and further emphasize the important role of 
medication adherence in BP control.27,28

In current medication adherence literature, it is presumed that pa-
tients with lower medication adherence at baseline have significantly 
greater improvement in medication adherence after intervention than 
those with higher medication adherence, yet the evidence is lacking. 

Our study confirmed that patients with low medication adherence 
at baseline had significantly greater improvement in medication ad-
herence (as indicated by increased MMAS scores), systolic BP (at 
12 months), and diastolic BP (at 6, 12, and 24 months) compared with 
patients with high medication adherence at baseline. Our findings pro-
vide support to target those with lower medication adherence as they 
have more room to improve and are at higher risk of poor outcomes.

However, it is not clear why medication adherence decreased 
slightly from baseline to 6, 12, 18, and 24 months follow-up in 
patients with high medication adherence at baseline. This study 
is a secondary data analysis. Our main criteria for including po-
tential participants in the parent study were those with a systolic 
BP ≥150 mm Hg during at least one office visit in the last year. 
Therefore, we included participants with all levels of medication ad-
herence at baseline as medication adherence decreases over time 
regardless of whether patients are adherent on first assessment or 
not.29 In a prior RCT,29 investigators enrolled both adherent (67%) 
and non-adherent (33%) participants in the trial. The percentage 
of adherent patients increased in the intervention group; yet in the 
control group, the percentage of adherent patients dropped from 
64% at baseline to 59% at 2 months and to 36% at 9 months, indi-
cating that even adherent patients need education and reminders to 
maintain/sustain their medication adherence. However, our results 
did demonstrate that participants with high medication adherence at 
baseline might need different strategies and educational content to 
maintain/sustain their medication adherence compared with those 
with low medication adherence at baseline. Therefore, interventions 
targeting those with high medication adherence initially need to be 
developed and tested in future research.

Our study has several limitations. First, this was not a RCT; in-
stead, this is a community-based pre- and post-intervention cohort 
study and the potential for selection bias cannot be excluded. The in-
vestigators specifically chose a pragmatic pre- and post-intervention 
design, which was requested by community stakeholders in this 
community-based participatory research project, to facilitate study 
implementation in this rural community environment and also to 
help address a history of mistrust of academic research by some mi-
nority populations. Second, the participants in our study were from 
one rural county in NC; thus, these findings cannot be extrapolated 
to different geographic areas or other ethnic groups. Third, we did 
not collect clinical data that might have an impact on medication ad-
herence and BP control, such as BP data from patients’ clinic visits 
and whether physicians made changes in patients’ anti-hypertensive 
medication regimen (eg, medication, dose, frequency) during the 
study period. In addition, medication adherence was measured 
mainly by self-report method. In our prior study,30 we reported that 
in a small subsample of 32 participants, community pharmacy fill/
refill data were available for antihypertensive medications to calcu-
late medication possession ratio (MPR) as an additional measure of 
medication adherence, and we found a moderate correlation of .54 
between MPR and MMAS score, indicating the reliability of using 
the MMAS to measure medication adherence in the rural commu-
nity. Use of both objective and self-report measures may increase 
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accuracy of assessment.31,32 However, the MMAS-8 is a reliable, 
valid, and widely used scale that is more feasible in the primary care 
setting to measure medication adherence and can be assessed regu-
larly over time. Moreover, each participant received multiple phone 
coaching calls to improve BP control. It is hard to distinguish which 
components of the intervention may have produced the greatest im-
pact. Finally, we did not find that the improvement in medication 
adherence was related to the number of coaching calls completed in 
this study, indicating intervention effects of medication adherence 
were not clearly linked to the dosage of the health-coaching compo-
nent. Therefore, it is not clear how many coaching calls are needed 
to result in better medication adherence. The effect of the inter-
vention may not be a cumulative effect requiring completion of all 
or most interventions; it is possible that the intervention effect may 
relate to the relationship developed with the health coach and the 
potential impact of the coach on improvement of medication adher-
ence and subsequent reductions of BP.33

5  | CONCLUSIONS

This study had important findings: (1) implementation of a multicom-
ponent quality improvement intervention that includes a literacy-
sensitive health-coaching component is associated with modest, but 
significant, improvements in medication adherence and diastolic BP; 
(2) changes in medication adherence over time are associated with 
reductions of BP, especially diastolic BP, among patients with a his-
tory of uncontrolled HTN; (3) patients with low medication adher-
ence at baseline had significantly greater improvement in medication 
adherence, systolic BP, and diastolic BP over time compared with 
those with high medication adherence at baseline.

6  | IMPLIC ATIONS FOR PR AC TICE

A multicomponent intervention that includes a phone-delivered 
health-coaching component is a clinically applicable intervention 
that offers promise in rural primary care to facilitate improvements 
in medication adherence that leads to reductions of systolic and di-
astolic BP. It is important to target patients with lower medication 
adherence to improve BP control.
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