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Effects of the Chronic Disease Self-Management Program on
medication adherence among older adults

Shinduk Lee,!? Luohua Jiang,® Diane Dowdy,? Y. Alicia Hong,?> Marcia G.
Ory1,4

Abstract

Despite many interventions to promote medication adherence in older adults, we know
little about how medication adherence has improved as a result of such interventions. The
purpose of this study was to examine the long-term program impacts on medication
adherence from participating in the Chronic Disease Self-Management Program
(CDSMP). Secondary data used for this study included the CDSMP participants’
sociodemographic characteristics and their baseline and 6- and 12-month follow-up
assessments on health-related indicators, including medication adherence, self-rated
health, depression, and patient communication skills. This study included those who
were 65 years or older, had one or more chronic conditions, and attended at least the first
or second session. Linear mixed models were used to analyze the impacts of short-term
(6 months) changes in health-related indicators on long-term (12 months) changes in
medication non-adherence. The subset analyses were performed among participants with
self-rated major depression at baseline. This study included 687 participants. Self-
reported medication adherence did not improve significantly at 6-month follow-up
assessment but significantly improved at 12-month follow-up assessment. Among those
with self-reported major depression at baseline assessment, the short-term improvements
in depression and self-rated health were associated with long-term changes in medication
adherence. The long-term impacts of the CDSMP on medication adherence were
influenced by the short-term program impacts on health-related indicators. More targeted
interventions are needed for patients with major depression, and programs such as the
CDSMP can be particularly helpful among the population.

INTRODUCTION

Medication use in older adults accounts for almost one third of all medication
prescribed in the USA [1]. With the growth of the older adult population, the use of
prescription medication and associated costs are expected to rise substantially in the
future. Based
on a recent national report, the use of one or more prescription drugs among older adults
had increased from 74% in 1988—1994 to 90% in 2009-2012 [2], and the use of five or
more prescription drugs among older adults had increased from 14% in 1998-1994
to 39% in 2009-2012 [2]. In 2015, the USA spent an estimated $457 billion on
prescription medications, accounting for about 17% of the total U.S. health care costs [3].
The rise in expenditure on prescription medication is projected to exceed the growth in
total health care expenditure [3]. Of special concern are the high rates of medication non-
adherence in the older population (e.g., about 40% being non-adherent based on the
centers for Medicare and Medicaid data) [4]. Poor medication adherence is associated



with treatment ineffectiveness, poorer clinical outcomes, and increased health care costs
[5-8].

Based on a comprehensive review of the existing research about interventions for
supporting medication adherence, complex interventions with multiple components had a
greater likelihood of improving medication adherence for long-term conditions [9,10].
However, even the most successful intervention was not very effective [9, 10]. The
review included 17 studies that had a low risk of bias [9], and only 6 showed some
improvements in adherence [9]. Furthermore, even fewer studies showed improvements
in clinical outcomes and observed changes were relatively small [9]. Also, the complexity
of interventions decreases the likelihood of successful translation of the interventions.
The diversity and complexity of interventions make it difficult to identify the essential
components of the interventions that are key to the program successes. In addition, there
has been a limited understanding about how each intervention component contributes in
improving medication adherence. Filling these knowledge gaps is an essential step to
design sustainable interventions to promote medical adherence in older adults.

This study was designed to expand the knowledge base by delving deeper and
examining an intervention, Chronic Disease Self-Management Program (CDSMP), that
has already been shown to be successful in improving medication adherence. The
CDSMP is a general self-management program that has already been successfully
implemented among diverse populations in multiple settings. The CDSMP is composed
of six 2.5-hr sessions and covers a variety of topics, such as problem-solving skills,
exercises, proper use of medication, communication skills, nutrition, and how to evaluate
new treatment options [11]. The CDSMP was evaluated across 17 states over 6- and 12-
month periods [11, 12]. From baseline to 6-month follow-up, the program participants
showed statistically significant improvements in various health-related indicators (e.g.,
social/role activities limitation, depression, communication with doctor, self-rated health,
pain, fatigue, and other health-related quality of life) [11]. At 12-month follow-up, the
program effects on self-rated health, fatigue, pain, depression, and communication with
doctors were sustained [12]. Furthermore, statistically significant improvements in
medication adherence were observed at 12-month follow-up assessment [12]. Although
Ory et al. [12] theorized that the long-term improvements in medication adherence could
have been influenced by the short-term improvement in other health-related measures,
the proposition has not been explored previously.

Of the short-term program effects of the CDSMP, self-rated health, depression,
and communication with doctors are known to be associated with medication adherence.
There are strong and consistent evidences for the negative association between
medication adherence and depression among diverse populations [13, 14]. For example,
the negative association between medication adherence and depression was observed
among patients with different chronic diseases, such as arthritis [15], diabetes [16—18],
heart disease [19], and hypertension [20]. Therefore, improving depressive symptoms in
the short term is expected to improve medication adherence in the long term.
Furthermore, previous studies suggested potential moderating effects of baseline
depressive symptoms on program impacts on various health-related indicators [21, 22].
Self-rated health was associated with medication adherence in many past studies, but
evidence has not always been consistent. In a study carried out in China, poor self-rated
health was associated with worse medication adherence in patients with hypertension



[23], and this result is consistent with the findings from other studies [24—27]. On the
other hand, a meta-analysis of 26 studies suggested that the relationship between patient
adherence and health status depends on the seriousness of health conditions [28].
Communication with doctors is also acknowledged as an important correlate of
medication adherence [4]. Therefore, in the current study, we hypothesized that the long-
term improvements in medication adherence was influenced by the short-term
improvements in self-rated health, patient communication, and depression (Fig. 1).

With the goal to explore and evaluate the long-term effects of the CDSMP on
medication adherence, this study examined the effects of short-term changes in self-rated
health, depression, and patient communication on long-term improvements in medication
adherence. Furthermore, a subset investigation was performed among participants who
were at a greater risk of medication non-adherence (i.e., participants with major
depression at baseline measurement).

METHODS

Data source
The secondary data from the national CDSMP evaluation [11, 12] was used for this
study. Details of the study design and data collection procedure

Intervention Components Short-term Effects (6 months)

. Appropriate exercises Self-rated health

. Appropriate use of medication
Decision-making

. Chronic disease self- Medication
management skills & Patient communication skills Adherence

technigues (e.g., problem-

p A ; . Preparing questions for your doctor
solving, action planning, etc.) Bl !

. Ask questions
. Discuss personal problems

Fig. 1 | Conceptual framework that describes the hypothesized process of how the
Chronic Disease Self-Management Program (CDSMP) influences long-term medication
adherence.

are available elsewhere [11, 12]. Briefly, the national CDSMP evaluation used a pre—post
longitudinal design to assess the effects of the CDSMP on various health-related
indicators. CDSMP workshops were delivered to adults by 22 organizations in 17 states
between August 2010 and April 2011. Given the nature of the current study design, the
researchers did not play an active role in participant recruitment and program
implementation [11, 12]. Participants were recruited by each program delivery site
through self-referrals and referrals from aging, social, and health service organizations.
CDSMP workshops were delivered in a face-to-face workshop format, in which small
groups of participants were educated about chronic disease self-management and skills to



handle daily challenges, such as pain, fatigue, and stress. Each CDSMP workshop was
composed of six sessions delivered over 6 weeks (i.e., one session per week), and each
CDSMP workshop was facilitated by two trained leaders. Participants were invited to
participate in survey assessments at baseline and 6- and 12-month follow-ups. The
collected data included participants’ sociodemographic characteristics, selfrated

health, depression, communication with their doctors, and medication nonadherence. All
the data used in this study, other than attendance data, were self-reported by participants
using surveys.

Study participants

The national CDSMP evaluation participant eligibilities were (i) having at least one self-
reported chronic condition, (ii) participating in an English or Spanish CDSMP workshop,
(ii1) attending at least the first or second session, (iv) participating in a CDSMP workshop
for the first time, (v) completing baseline assessment, and (vi) agreeing to participate in
the CDSMP evaluation. For this study, participants were further narrowed down to

older adults (i.e., those who self-reported being 65 years old or older at the time of
baseline assessment).

Variables

Medication nonadherence Four-item Morisky Medication Adherence Scale (MMAS-4;
also known as Medication Adherence Questionnaire, MAQ) was used to measure
medication nonadherence [29]. The MMAS-4 asked the following four items: (1) ever
forget to take medicine, (ii) ever have problems remembering to take medicine,

(ii1) sometimes stop taking medicine when feel better, and (iv) sometimes stop taking
medicine when feel worse. Each item was scored “yes” or “no.” Participants who
reported affirmative response to any of the first two items were categorized as “engaging
in unintentional medication nonadherence,” and the Cronbach’s alpha for the two-item
scale was .64. Patients who reported affirmative response to any of the last two items
were categorized as “engaging in intentional medication nonadherence,” and the
Cronbach’s alpha for the two-item scale was .61. The average score of the four items was
used as an indicator for the degree of medication nonadherence overall. The reliability of
the MMAS-4, measured using the Cronbach’s alpha, was .56, and was similar to other
studies [29, 30].

Self-rated health

A single item was used to examine the self-rated health: “In general, would you say that
your health is excellent, very good, good, fair, or poor?” The response to the item ranged
from excellent (=1) to poor (=5), with a higher score indicating worse health. It is a
standardized item used in multiple national surveys (e.g., National Health Interview
Survey and Behavioral Risk Factor Surveillance System).

Depression
The eight-item Patient Health Questionnaire (PHQ-8) was used as a measure of
depression [31]. The PHQ-8 asked how often during the past 2 weeks participants



were bothered by (a) little interest or pleasure in doing things; (b) feeling down,
depressed, or hopeless; (c) trouble falling or staying asleep, or sleeping too much; (d)
feeling tired; (e) poor appetite or overeating; (f) feeling bad about self; (g) trouble
concentrating on things; and (h) moving or speaking slowly or being very fidgety or
restless. Each item was scored not at all (=0), several days (=1), more than half the days
(=2), or nearly every day (=3). The sum of the eight items was used as the composite
score (ranging from 0 to 24, with a higher score indicating severe depression). A score of
10 or higher was considered having major depression [31]. The reliability of the scale,
among this study population was .81, measured using the Cronbach’s alpha.

Communication with doctors

The following three items were used to assess what participants do during their visits to
their doctors: how often do you (i) prepare questions to ask, (ii) ask questions, and (iii)
discuss personal problems. Each item was scored from never (=1) to always (=6). Mean
of the three items was used as the composite score (ranging from 1 to 6, with a higher
score indicating better communication with doctors) [32]. The Cronbach’s alpha, among
this study population, was .78.

Covariates

Participants’ self-reported information on age (years), sex, race/ethnicity, years of
education (ranging from 1 to 23 years), number of sessions attended (ranging from 1 to
6), and number of chronic diseases were used in this study. Age was calculated by
deducting the date of birth from the date of baseline assessment. Participants were asked
whether they were diagnosed with the following chronic diseases: type 1 diabetes, type 2
diabetes, asthma, chronic obstructive pulmonary disease (COPD), chronic lung diseases
other than COPD, hypertension, heart disease, arthritis, cancer, depression, anxiety or
other mental health condition, or any other chronic condition. The number of sessions
attended was calculated by summing the total number of attended sessions out of six
sessions. The number of chronic conditions was calculated as the sum of the affirmative
responses to each self-reported chronic condition question.

Statistical analyses

Baseline characteristics of participants were described using mean and standard deviation
for interval variables and frequency and percentage for categorical variables. Independent
group comparisons (e.g., x2 test for categorical variables and two-sample t-test for
continuous variables) were used to compare baseline characteristics of participants

with and without 6- and 12-month follow-up assessments.

Next, multiple linear mixed models were performed to examine changes in
medication adherence over time (using SAS PROC MIXED and SAS PROC GENMOD).
The first set of models were performed to examine changes in medication adherences,
self-rated health, depression, and patient communication from baseline to 6- and 12-
month follow-up assessments after controlling for the covariates. The second set of
models were performed to examine changes in medication adherence from baseline to 6-
and 12-month follow-up assessments based on baseline self-rated health, depression, or



communication with doctors after controlling for the covariates. Also, effect sizes
(Cohen’s d) were estimated for nonbinary variables by dividing pre—post differences by
pooled standard deviation. The last set of models were performed to examine changes

in medication adherence from 6- to 12-month follow-up assessments based on changes in
self-rated health, depression, or communication with doctors from baseline to 6-month
follow-up assessments after controlling for the covariates. The last set of models were
performed among the overall study population, as well as among the study population
with major depression at baseline assessment.

Institutional Review Board
The secondary analysis of the data was approved by the Texas A&M University
Institutional Review Board (IRB).

RESULTS
Sample characteristics

This study included 687 participants who completed at least baseline assessment. Table 1
shows baseline characteristics of participants. In average, age of participants was 74.8
years, years of education was 13, and number of chronic conditions was 2.9. The majority
of participants were female (83.6%), non-Hispanic (82.8%), and White (60.6%) and
attended at least four out of six CDSMP workshop sessions (80.8%). At baseline
assessment, 18.1% of participants reported intentional medication nonadherence, and
38.0% reported unintentional medication nonadherence.

Table 1 also shows the comparison between those who had the complete data and
those who lacked 6- or 12-month follow-up assessments. Of 687 study-eligible
participants, the majority completed 6-month follow-up assessment (83.3%) and
12-month follow-up assessment (74.5%). Compared with those who did not complete 6-
month follow-up assessment, those who completed 6-month follow-up assessments were
more likely to be Whites (p < .01), had higher workshop completion rates (p <.01), and
reported more chronic conditions (p = .02), better self-rated health (p = .03), better
depressive symptoms (p = .01), and better communication with doctors (p <.01).
Similarly, compared with those who did not complete 12-month follow-up assessment,
those who completed 12-month follow-up assessment had higher workshop completion
rates (p <.01) and reported better self-rated health (p =.03) and better depressive
symptoms (p <.01).

Changes from baseline to 6- and 12-month follow-up assessments

Statistically significant reduction in medication nonadherence was observed from
baseline to 12-month follow-up assessment, but not at 6-month follow-up assessment
(Table 2). Similarly, participants showed significant reduction in unintentional
medication nonadherence at 12-month follow-up assessment, but not at 6-month follow-
up assessment. Also, participants showed statistically significant improvements in self-
rated health, PHQ-8, and patient communication at both 6- and 12-month follow-up



assessments. The effect sizes for the observed changes were small, ranging from 0.09 to
0.16 at 6 months and 0.07 to 0.21 at 12 months.

Effects of baseline characteristics on medication nonadherence

Baseline PHQ-8 score was significantly associated with changes in medication
nonadherence from baseline to 6- and 12-month follow-up assessments, F(2, 739) = 3.83,
p =.0222. Compared with participants without major depression, participants with

major depression reported poorer medication nonadherence, and showed greater
reduction in medication nonadherence at 6- and 12-month follow-up assessments. Figure
2 shows changes in medication nonadherence (MMAS-4) from baseline to 6- and
12-month follow-up assessments among those with and without major depression at
baseline assessment. Both self-rated health and patient communication at baseline were
not significantly associated with changes in medication nonadherence at 6- and 12-month
follow-up assessments (p > .05).

Table 1 | Characteristics of the study sample by follow-up assessment completion status

6-month assessment 12-month assessment
Total Completed Not completed Completed Not completed
(n=687) (n=572) (n=115) (n=512) (n=175)
Mean (5D) or  Mean (5D) or Mean (SD) or Mean (SD) or Mean (SD) or
Freq (%) Freq (%) Freq (%) p-value Freq (%) Freq (%) p-value

Age (years) 74.8 (6.84) 74.9 (6.83) 74.3 (6.90) 35 74.7 (6.77) 75.2 (7.06) .36
Female 574(83.6%) 476(83.2%) 98 (85.2%) .60 426 (82.6%) 151 (86.3%) .26
Non-Hispanic 563 (82.8%) 470 (82.8%) 93 (83.0%) 94 423 (83.3%) 140 (81.4%) 57
White 416 (60.6%) 359 (62.8%) 57 (49.6%) <01~ 315(61.5%) 101 (57.7%) .84
Education (years) 13.0(3.73) 13.0(3.76) 12.8 (3.59) 72 13.0 (3.73) 128 (3.75) 51
Number of chronic 2.9(1.59) 3.0(1.58) 2.6(1.59) DIFx 3.0(1.53) 29(1.75) 57

conditions
Workshop 555(80.8%) 488 (85.3%) 67 (58.3%) <01* 434 (84.8%) 121(69.1%) <01~

completion®
Self-rated health 3.1 (0.90) 3.0 (0.20) 3.2 (0.86) .03* 3.0 (0.89) 3.2 (0.91) 03*
PHQ-8 5.3 (4.62) 5.1(4.52) 6.3 (5.02) 01 5.0 (4.42) 6.2 (5.08) <.01*
Communication with 2.7 (1.36) 2.7 (1.34) 23(1.39) <01* 27137 2.5(1.34) 25

doctors
MMAS-4 0.2 (0.26) 0.2 (0.26) 0.2 (0.26) T3 0.2 (0.25) 0.2 (0.26) .62
Intentional medica- 124(18.1%) 100(17.5%) 24 (21.2%) 34 95 (18.6%) 29 (16.7%) S7F

tion nonadherence
Unintentional 261(38.0%) 218(38.1%) 43 (37.4%) .88 199 (38.9%) 62 (35.4%) 42

medication

nonadherence

PHQ Patient Health Questionnaire; MMAS Morisky Medication Adherence Scale.
?Attending at least four out of six CDSMP workshop sessions.
*

p <.05.

Table 2 | Changes in health-related outcomes from baseline to 6- and 12-month follow-up
assessments



Baseline 6 month 12 month Baseline to Baseline to

(n=687) (n=572) (n=512) 6 month 12 month
Health-related Mean (SD) or Mean (SD) or Mean (SD) or
outcomes Freq (%) Freq (%) Freq (%) Effect sizea p-valueb Effectsize®  pvalue®
Self-rated health 3.06 (0.8966) 2.96(0.8737) 2.95(0.9118) 0.09 .0007* 0.07 .0028*
PHQ-8 531 (4.6241) 4.49(43191) 4.20(43181) 0.16 <0001* 0.21 <0001~
Patient communication 2.65 (1.3591) 2.86 (1.4146) 2.89(1.4212) 0.11 .0019* 017 <0001*
Intentional medication 124 (18.1%) 102 (17.9%) 86 (16.8%) - .8904 - 5183
nonadherence
Unintentional medica- 261 (38.0%) 200 (35.0%) 163 (31.8%) — 1667 s 0057~
tion nonadherence
MMAS-4 0.20 (0.2559) 0.19(0.2607) 0.17 (0.2461) 0.03 5184 0.10 0214

PHQ Patient Health Questionnaire; MMAS Morisky Medication Adherence Scale.
2Effect sizes (d) were only estimated for participants who participated in both baseline
and the corresponding follow-up assessment.

bAdjusted for age, sex, race/ethnicity, education, number of sessions attended, and
number of chronic conditions.

*p <.05.
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Fig. 2 | Changes in medication nonadherence from baseline to 6- and 12-month follow-up
assessments among Chronic Disease Self-Management Program (CDSMP) participants
with and without major depression at baseline. The numbers inside the parentheses show
the sample size for each group at each time point. MMAS Morisky Medication
Adherence Scale.



Table 3 | Effects of baseline to 6-month changes (A) in self-rated health, PHQ-8, or
patient communication on changes in medication nonadherence between 6- and 12-month
follow-up assessments

Improvements Overall (n=565) Major depression (n=101)

during the first

6 months (baseline Intentional Unintentional Intentional Unintentional

to 6-month follow-up medication medication medication medication

assessments) MMAS-4 nonadherence nonadherence MMAS-4 nonadherence nonadherence

Model 1

Time -0.0181 -0.1058 -0.1884 -0.0343 -0.4843 -0.5585*

ASelf-rated health -0.0078 -0.0438 —0.0843 0.0098 -0.3603 0.3428

Time x ASelf-rated -0.0006 0.0191 0.0527 -0.0073 0.9591* -0.1638
health

Model 2

Time -0.0196 -0.1282 -0.1783 -0.0076 -0.6645 0.0541

APH(Q-8 -0.0053 -0.0444 -0.0105 -0.0008 -0.0394 0.0609

Time x APHQ-8 0.0012 0.0333 -0.0470 -0.0077 0.0870 -0.1704*

Model 3

Time -0.0195 -0.1466 -0.1909 -0.0397 -0.4361 -05723*

APatient -0.0112 -0.1112 -0.0639 -0.0004 0.0651 -0.0396
communication

Time x APatient 0.0059 0.1580 0.0584 0.0053 0.0697 0.0116

communication

Regression coefficients of time, A, the interaction of time and A after controlling for the
covariates (age, sex, race/ethnicity, education, number of attended sessions, and number
of chronic conditions). PHQ Patient Health Questionnaire; MMAS Morisky Medication

Adherence Scale.

*p <.05

Effects of the first 6-month changes on the following 6-month changes in medication
nonadherence

Among the overall study population, changes in self-rated health, communication with
doctors, and PHQ-8 from baseline to 6-month follow-up assessments were not
significantly associated with changes in self-reported medication nonadherence from 6-
to 12-month follow-up assessments (p > .05; Table 3). Among participants with major
depression at baseline, a unit increase in the self-rated health scale from baseline to 6-
month follow-up assessment was associated with 0.5988 increase in the log-odds for
engaging in intentional medication nonadherence at 12-month follow-up assessment
(adjusted odds ratio = 1.82). Among participants with major depression at

baseline, a unit increase in the PHQ-8 scale from baseline to 6-month follow-up
assessment was associated with 0.1095 decrease in the log-odds for engaging in
unintentional medication nonadherence at 12-month follow-up assessment (adjusted odds
ratio = 0.90). All the regression models were performed after adjusting for age, sex,
race/ethnicity, education, number of attended sessions, and number of chronic conditions.

DISCUSSION
In this study, the effects of the CDSMP on medication adherence among older adults
were examined, and potential factors (e.g., baseline and first 6-month changes in self-



rated health, depression, communication with doctors) that can contribute to long-term
changes in medication adherence among CDSMP participants were explored. Based on
the extant literature, it was hypothesized that short-term improvements in self-rated
health, depression, and communication with doctors would contribute to the long-term
improvements in medication adherence. Changes at 6-month follow-up assessment
were considered as short-term changes, and changes at 12-month follow-up assessment
were considered as long-term changes.

Confirming the prior CDSMP evaluation papers [11, 12], this study showed that
CDSMP had the statistically significant long-term effects on medication adherence, but
not short-term effects. Compared with the previously published CDSMP national
evaluation papers [11, 12], which included younger participants, this study focused
specifically on older adults population. The magnitude of changes in medication
nonadherence (effect size of 0.03 at 6-month follow-up assessment and 0.10 at 12-month
follow-up assessment) was comparable with the magnitude of changes reported in the
previously published CDSMP national evaluation paper (effect size of 0.03 at 6-month
follow-up assessment and 0.10 at 12-month follow-up assessment) [12].

This study reaffirmed that the impacts of the CDSMP observed in a general
population holds true for this specific age group. Cognitive and behavioral interventions
such as the CDSMP may promote cognitive changes first, which is subsequently
followed by behavioral changes [33]. Despite the statistical significance, observed
changes in medication nonadherence were minimal, and a clinically meaningful
implication is unknown. The small magnitude of changes can be explained by relatively
high medication adherence at baseline. Furthermore, the program effects on medication
adherence became more visible with the subgroup analysis among population at risk (i.e.,
participants with major depression at baseline), as well as after categorizing medication
nonadherence behaviors into intentional and unintentional medication nonadherence.

In addition, this study demonstrated improvements in unintentional medication
nonadherence,but not in intentional medication nonadherence.Intentional medication
nonadherence is associated with perceived needs and concerns related to the treatment
[34, 35], which were not a primary programmatic focus. The CDSMP provides an
interactional setting for enhancing skills for general chronic disease self-management,
such as handling stress; engaging in healthy lifestyles; communicating with their family,
friends, and doctors; and seeking necessary resources. Unlike intentional medication
nonadherence, unintentional medication nonadherence is associated with a lack of
capacity or resources [35], and the acquirement of the general chronic disease
self-management skills and tools may be related to improvements in unintentional
medication nonadherence. Also, study participants reported higher rates of unintentional
medication nonadherence (38%) than intentional medication nonadherence (18%), and
hence had a greater room for improvements in unintentional medication nonadherence.
Unintentional medication nonadherence is more prevalent in some health conditions,
such as cardiovascular diseases [36], and the program may have greater benefits for this
the population.

It was also observed in this study that the program effects on medication
nonadherence among older adults with major depression were significantly higher than
those without major depression at baseline assessment. Among those with major
depression, more participants showed high medication taking behavior (MMAS-4 = 0).



From a study by Morisky et al. [29], while 75% of patients with hypertension and high
medication taking behavior showed adequate blood pressure control, less than 50% of
patients with hypertension and medium or lower medication taking behavior showed
adequate blood pressure control. Depression is one of the most consistent determinants of
medication nonadherence [13, 14]. Compared with individuals without major depression,
those with major depression are more likely to have poorer medication adherence to start
with, and consequently, there is more room for improvements. The finding implies that
those with depressive symptoms can benefit more from the CDSMP or similar programs
with regardto adhering to their medication.

Among participants with depressive symptoms, those who showed greater
improvements in depression at 6-month follow-up were more likely to show greater
improvements in unintentional medication nonadherence from 6- to 12-month follow-up
assessments. The literature has consistently indicated the positive association between
depression and medication nonadherence [13, 14]. Also, depression is associated with
poorer cognition [15, 37]. Given this, it is not surprising to find the strong association
between improvements in depression and improvement in unintentional medication
nonadherence. In addition, the longitudinal nature of the current study adds to the
literature by introducing the “time” component and enabling ordering of events.

On the other hand, improvements in intentional medication nonadherence during the final
6 months were less for participants who showed short-term improvement in self-rated
health. Improved health can reduce perceived needs for the treatment, and thereby
increasing the likelihood of intentional medication nonadherence [38, 39]. The perceived
needs for the medication was higher among older adults who were adherent to their
medication treatments than those who reported intentional medication nonadherence [40].

There were some limitations to this study. First, the study relied on the self-
reported data. The self-reported data may be subject to various biases (e.g., social
desirability bias). In addition, the MMAS-4 had a relatively low reliability for this
population. Nevertheless, self-reported data can also provide a rich insight into the
context. For example, self-reported data on medication nonadherence could be
characterized into intentional versus unintentional medication nonadherence.

Second, this study employed the secondary data analysis, and the study was
limited by the availability of previously identified variables of interest. Failure to include
important predictors in a regression analysis can lead to omitted variable bias and
inaccurate statistical inferences. Although the secondary data did not have all the key
predictors of medication nonadherence (e.g., medication cost, patients’ attitudes toward
medication, characteristics of prescription, characteristics of providers), the
data had a good number of other known predictors (e.g., self-rated health, depression,
communication with doctors) for the initial exploration.

Third, lack of a comparison group could limit the study inference. The CDSMP is
an evidence- based program that has been shown to be highly efficacious in improving
self-rated health, depressive symptoms, and communication with doctors based on
randomized controlled trials [41, 42]. The national evaluation was a pragmatic study
of programmatic impacts. Thus, the program’s impact on medication adherence was
examined using single-group study design. Hence, the study results should be considered
in light of the lack of a comparison group [11, 12, 43].



Lastly, the study provided limited interpretability over the nonsignificant
outcomes, given that the study might be underpowered for some of the analyses. For
example, post hoc power analyses were performed for the linear mixed effects models
that aimed to examine the moderation effects of baseline self-rated health, depression,
and communication with doctors on medication adherence (MMAS-4). At the
significance level of 0.05, the estimated power to detect the statistical significance for the
interaction term between medication nonadherence and baseline depression was 70%.
Using the same significance level, the estimated powers were only 18% and 27%,
respectively for the interaction term between medication nonadherence and baseline self-
rated health and the interaction term between medication nonadherence and
communication with doctors. However, it should also be noted that the post hoc power
estimations have some methodological limitations and tend to produce low power
estimates for nonsignificant outcomes. Despite the limitations, this study provides
an insight about the variations in the program effects and has an important practical
implication for the program delivery.

Summary and future implication

The current study examined the long-term effects of the CDSMP on medication
adherence adding to the current knowledge base. A significant longterm pre—post
difference in medication adherence was observed among CDSMP participants in terms
of unintentional medication nonadherence. This type of nonadherence represents a
primary form of medication nonadherence in older adults that can be addressed by
programs such as the CDSMP. This study also indicated that the long-term program
impacts on medication adherence could be influenced by short-term program impacts on
other health-related indicators, such as self-rated health and depression. Although this
study adds to our knowledge of translational research, the limitations point to future
research efforts. Future research can be further enlightened by a more comprehensive
examination that incorporates a more inclusive set of key drivers of medication
nonadherence, as well as a fuller set of health and health utilization variables.
Furthermore, future studies with a comparison group may be desired to provide a higher
level of evidence about the relationship between the shortterm program impacts and long-
term medication adherence.
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