REVIEW

e

Effective interventions to improve
medication adherence in Type 2 diabetes:
a systematic review

Joni L Strom Williams'?, Rebekah J Walker'3, Brittany L Smalls'?,
Jennifer A Campbell2& Leonard E Egede*'%3

B Medication adherence is an important element in diabetes management, but may not be solely
responsible for achieving glycemic control.

Three critical components of any intervention are education, skills training and problem-solving. Most
of the interventions in this review focused on education rather than the other components. Based

on this finding, more research is needed to identify effective interventions for improving medication
adherence in Type 2 diabetes. Interventions targeting diabetes self-management are needed and must

Practice Points
| |

be developed.

B One-on-one counseling was the method used in many of the randomized controlled trials reviewed, and
was found to be effective.

B Interventions led by pharmacists demonstrated the most statistically significant results. Although small
in number, interventions using other types of facilitators such as nurse educators, community health
workers and certified diabetes educators were also effective.

B Uniform definitions for medication adherence must be constructed.

B Interventions should be simple and tailored to patients’ individual needs to increase the likelihood of
effectiveness and improved outcomes.

B (Clinical outcomes may not adequately reflect medication adherence.

B Benefits of medication adherence must continue to be reinforced.

SUMMARY Aim: Medication adherence is associated with improved outcomes in
diabetes. Interventions have been established to help improve medication adherence;
however, the most effective interventions in patients with Type 2 diabetes remain unclear.
The goal of this study was to distinguish whether interventions were effective and identify
areas for future research. Methods: Medline was searched for articles published between
January 2000 and May 2013, and a reproducible strategy was used. Study eligibility criteria
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included interventions measuring medication adherence in adults with Type 2 diabetes.
Results: Twenty seven studies met the inclusion criteria and 13 showed a statistically
significant change in medication adherence. Conclusion: Heterogeneity of the study designs
and measures of adherence made it difficult to identify effective interventions that improved
medication adherence. Additionally, medication adherence may not be solely responsible
for achieving glycemic control. Researchers must emphasize tailored interventions that
optimize management and improve outcomes, and examine the need for clear indicators of

medication adherence.

Medication adherence is one of several behaviors
vital to diabetes self-management and clinical
outcomes. The variables believed to contribute
to adherence behaviors include treatment and
disease characteristics, intra- and inter-personal
factors, and environmental characteristics [1].
Patients, providers and health systems, in addi-
tion to the treatment plan itself, may contribute
to the success of adherence [2.3].

Adherence has been associated with better
glycemic control, fewer diabetes-related com-
plications, reduced hospitalizations, reduced
healthcare costs, and lower all-cause mortality
(4-8]. Despite the known benefits of medica-
tion adherence in patients with Type 2 dia-
betes mellitus (T2DM), adherence rates vary,
with patients taking between 36 and 93%

Box 1. Search strategy.

Type 2 diabetes

= Exploded MeSH ‘diabetes mellitus’,
‘non-insulin-dependent’

= Exploded MeSH ‘insulin resistance’
= Text word ‘insulin resistance’
= Text word ‘MODY’ or ‘NIDDM’

= Text word ‘non-insulin dependent’ or
‘noninsulin dependent’

= Text word ‘Type 2 diabetes’ or ‘Type Il diabetes’
= Anyin ‘Type 2 diabetes’ category
Compliance/adherence

= Exploded MeSH ‘patient compliance’

= Exploded MeSH ‘self-care’

= Text word ‘self-care’ or ‘self-management’

= Text word ‘compliance’ or ‘adherence’

= Text word ‘treatment refusal’

= Text word ‘empowerment’

= Any in ‘compliance/adherence’ category
Intervention

= Text word ‘intervention’

= Anyin ‘Type 2 diabetes’ category and any in

‘compliance/adherence’ category and text
word ‘intervention’
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of prescribed recommended doses [4]. Addi-
tionally, national clinical practice guidelines
emphasize the need for composite control
of blood glucose, blood pressure and choles-
terol to improve glycemic control and reduce
adverse outcomes, but only 43, 29 and 52%
of patients with T2DM have controlled blood
sugar (HbAlc 27%), blood pressure (systolic
blood pressure <130 mmHg and diastolic
blood pressure <80 mmHg) and choles-
terol levels (LDL-cholesterol <100 mg/dl),
respectively [9.10].

Prior research suggests that patients with
chronic diseases such as diabetes were them-
selves the cause of poor adherence, with the
role of providers in adherence regarded as sec-
ondary [1]. It has since been acknowledged that
a systems approach to medication adherence
might achieve greater effectiveness and lead to
improved adherence, better health outcomes
and decreased healthcare costs [1]. Furthermore,
the WHO stressed that increasing the effec-
tiveness of interventions targeting adherence
may have a greater impact on population health
than improving specific medical treatments
(1. Addressing the factors that increase and
improve adherence is necessary to reduce the
burden of diabetes and other chronic illnesses.

Finally, there is no gold standard for measur-
ing medication adherence, thus making it diffi-
cult to discern the impact of any given measure
on T2DM outcomes. In research studies and
clinical practice, multiple methods for mea-
suring medication adherence have been used
inconsistently [11,12]. Some interventions define
adherence directly by measuring the actual pills
taken by a patient and others measure it indi-
rectly by assuming that medications have been
taken. Each method has its own advantages and
disadvantages. Therefore, the measure selected
for use in research and/or clinical practice
should be practical and applicable for achiev-
ing desired outcomes. This does not appear to
always be the case, thereby making it difficult
to assess actual medication adherence.
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Given the complex assignment of role
responsibility in medication adherence and the
variety of methods used to determine adherence
to medication regimens, we aimed to identify
interventions targeted at improving medication
adherence and T2DM-related clinical outcomes
in adults. The goal of this systematic review
was to distinguish whether interventions were
effective and identify areas for future research.

Methods

® Information sources, eligibility criteria

& search

A reproducible strategy was used to identify
interventions addressing medication adherence
in patients with T2DM. Studies were identified
by searching Medline on 23 May 2013 for arti-
cles published in the English language between
2000 and 2013. The search terms were based
on the Cochrane Metabolic and Endocrine Dis-
order Group search strategy for T2DM [13] and
the Cochrane search strategy for medication
compliance/adherence [14]. Some search terms
in the Cochrane strategies were not used based
on the goals of this review. The search strategy
is given in Box 1.

® Study selection & data collection

Eligibility assessment was performed by four
independent authors (JLS Williams, R] Walker,
BL Smalls and JA Campbell) in a standardized
manner and disagreements were resolved by the
fifth author (LE Egede). The process used to
identify eligible citations is shown in Figure 1.
Titles and abstracts were reviewed using a stan-
dardized checklist. Abstracts were eliminated if

148,990 articles identified

228,716 articles identified
for diabetes for compliance/adherence

they did not investigate a T2DM patient popu-
lation, measure medication adherence/compli-
ance as an outcome or describe an intervention.
Interventions included randomized controlled
trials (RCTs) and quasiexperimental studies,
with and without a control arm.

Data collected from the eligible articles are
shown in Tables 1-4. For each study, data were
extracted on the number of participants, sam-
ple population, duration of intervention, set-
ting of intervention, study design and type of
control (Table 1). An outcome table for medica-
tion adherence was created to include the mean
baseline medication adherence score, mean
change (or baseline and postintervention if not
reported) and statistical significance (Table 2).
Table 2 also reports the method used to mea-
sure medication adherence, categorized as phar-
macy claims, electronic monitoring, pill count,
self-report or serum/blood levels. If the article
measured HbAlc, it was included in Table 3,
which provides mean baseline HbAlc, mean
change (or baseline and postintervention if
not reported) and statistical significance. Each
article was analyzed for relevant intervention
characteristics, including whether it was cul-
turally tailored, educational or skills focused,
device driven (i.e., mobile phone, computers
with internet access or landline telephone)
and/or personnel administered (i.e., commu-
nity health worker [CHW] or pharmacist)
(Table 4). A narrative review was performed as
the heterogeneous measures used to determine
medication adherence precluded conducting
a meta-analysis. Although risks of bias exist,
articles were not excluded due to the limited

311,657 articles identified
for intervention

)

922 articles screened after
duplicates were removed

|
* ™
}

abstracts

Eliminated 29 ineligible

(Eliminated 866 ineligible
( articles

(27 eligible studies incIudedJ

in the systematic review

Figure 1. Process for eligible article selection.
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evidence available in the literature. The risk of
bias across studies is discussed in this article
and the discussion gives more weight to studies
using a RCT design.

Results

® Study selection

Figure 1 shows the results of the search. After
duplicates were removed, the search resulted in
922 citations for review. Title review produced
171 abstracts to examine, after which 56 articles
were determined eligible for full article review.
Twenty-seven eligible studies were identified
based on the predetermined eligibility criteria
(15-41]. Seventeen studies showed a statistically
significant change in medication adherence
for interventions with or without comparison
groups, and ten studies reported significant
statistical changes in glycemic control. Seven
of the studies described interventions that sig-
nificantly improved both medication adherence
and HbAlc.

® Study characteristics & results of
individual studies

Table 1 provides a summary of the 27 studies
that were eligible for inclusion; these studies are
heterogeneous in terms of sample size, sample
population, length of duration, setting, inter-
vention description, study design and use of
a control group. Sample sizes ranged from 23
to 29,247, and intervention duration stretched
from 2 weeks to 2 years. Eighteen of the stud-
ies were RCTs [15,18-19,22-28,31-35,37-39], four
were pre—post-test [16-17.21,40], two combined
quasiexperimental with pre- and post-tests
[29,41], two were cohorts [20,36], and one used
a parallel group with repeated measure design
(30]. Twenty-three of the studies used a control
group for comparisons [15,17-20,22-28,30-40]. All
of the studies focused on adults with T2DM
[15-41], but one study also included individuals
diagnosed with Type 1 diabetes [24]. Thirteen of
the 27 articles were conducted in international
locations [15,22-24,28-31,34-35,37-38,41].

Table 2 presents the medication adherence
outcomes of studies meeting the inclusion crite-
ria [15-41]. The mean baseline medication adher-
ence was wide ranging and fluctuated through-
out the studies, particularly given the variety of
adherence methods — direct and indirect — used.
Direct measures of adherence indicate that med-
ications have actually been taken by the patients
and indirect measures, those most commonly

future science group

used, infer an assumption that medications have
been taken by patients [11]. No direct methods
for measuring medication adherence were used.
All forms of indirect methods were used, with
18 studies measuring medication adherence by
self-report [15-17,21,23-32,35,37.39-41], two by pill
count [22,33], three by electronic devices [18-19,38],
and three by pharmacy claims data [20.34,36).
Of the 27 studies, 13 reported statistically sig-
nificant differences in medication adherence
in the intervention group compared with the
control group [15,17-20,22,24,28,30-31,33,36,40]. All
four studies without a control group reported
statistically significant changes in medication
adherence [16,21,29.41].

Table 3 shows glycemic control outcomes
of the studies that met the eligibility criteria
(15-23,25-30,32,34-35,39-42] for which the impact on
glycemic control was noted. The mean base-
line HbAlc ranged from 6.8 to 10.6. One of
the studies included in this review [39] reported
outcomes for medication adherence and gly-
cemic control in two separate papers; thus,
a second article using the same population
and intervention, reporting the differences in
HbAlc between groups, is reported in Table 3
(42]. Eight out of 18 studies demonstrated sta-
tistically significant improvements in HbAlc
between the intervention groups and the control
groups [15,17-19,22,28,34-35]. In these studies, the
percentage change in HbAlc in the interven-
tion group ranged from -1.57 to -0.15 compared
with -2.1 to +0.2 in the control group; this also
varied at different time points within the stud-
ies. Of the four studies without a control group,
two described statistically significant changes in
HbAlc [21,29]. For one study, there was a -0.6%
drop in the HbA ¢, while the percentage change
was -1.1% in the other.

Table 4 illustrates intervention characteris-
tics of the 27 studies included in this review.
Most studies did not employ a theoretical
foundation [15-16,20-22,24-25,27-34,36,38-41], but
for those that did, one study used the Theory
of Planned Behavior [23], one used the Trans-
theoretical Model [17], two used a self-efficacy
theory [35.37], two used integrated care [18-19],
and one used the Social-Cognitive Theory
(26]. As for the intervention characteristics,
five out of the 27 studies were culturally tai-
lored [16,18,31,38-39], of which four were signifi-
cant for changes in medication adherence and
HbAlc. Self-management was the focus of
several interventions, with 18 concentrating on
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education [16-18,20-23,25-26,28,31-32,34-36,39.41],
nine focusing on skills training [15-18,20-21,35-37],

Ref.
[39]
[40]
[41]

and 13 helping with problem-solving
[16-18,20-21,26-28,31,35-37,41]. Twelve of the studies
emphasizing education — five focusing on skills
and seven assisting with problem-solving — were
significant for variations in medication adherence
and/or HbAlc between groups and/or at differ-
ent time points. Eight used monitoring data,

0.003), but did not

significantly differ from control group at 12 months

such as providing results of self-monitored blood

glucose readings to the provider [15,25,27.29,31.40-
41] and, of these, four were significant for differ-
ences in medication adherence and/or HbAlc.

0.489)

Fifteen studies provided one-on-one counsel-
ing to patients [17-20,22,24,28-29,31-33,35-36,40-41]
and 13 studies were significant for changes
in medication adherence and/or HbAlc. The
study designs for most of the interventions using

one-on-one interactions were RCTs. A total of
14 studies utilized telehealth/telemedicine tech-
nology: mobile phones [22,2833.40], telephones
(15,17,23,26,30,36,38-40] and the internet [18]. Of
those using health technologies, three of the

Intervention subjects had decreased HbA1c compared

No significant effects on HbA1c, but intervention group
with HbA1c >7% showed 0.64% reduction by 6 months

(p = 0.65)

(p=0.03)
There was no statistically significant difference between

with control group at 6 months (p
the interventions (p

Statistical significance

mobile usage studies and seven of the studies
using telephones were significant for differ-
ences in medication adherence and/or HbAlc.
The study using internet delivery did not show
significant differences. Facilitators were used

change in medication
Not reported

Control mean +SD
adherence

-0.07 at 6 months

High-intensity intervention: 71 6 months, -0.44 at 12 months 0.33 at 12 months

Control: 7.2

8.2+192

for intervention delivery in some studies: eight
used nurse educators [17,25,27.31,34,36-37,40], one
used certified diabetes educators (CDEs) [35]
and three used CHWs [16,31,34]. Six involved
collaboration with the patients’ physicians
23.26,29-30,38-39]. Of the studies using facilita-
tors that demonstrated statistical significance
in medication adherence, five used nurses,
three used CHWs and six used pharmacists.
Five of the six studies collaborating with physi-

Intervention mean + SD
change in or mean + SD
postintervention HbA1c (%)
High intensity: -0.17 at

6 months, -0.19 at 12 months
7.5+ 1.76

SMS: -1.01% + 0.01
Telephone:-0.93% + 0.13

cians were significant for medication adherence
and/or HbAlc. Using CDEs showed statistical
significance only for HbAlc, as did two of the
studies using nurses and CHWss, and three using
pharmacists and physician collaborations.

In this review, effective medication adher-
ence was defined as a significance improvement
at p < 0.05. It is worth mentioning that out of
the 17 articles showing statistical significance

Mean * SD baseline HbA1c
(%)
Low-intensity intervention: 7.2 Low intensity: -0.4 at

Telephone: 9.44 +1.72

Intervention: 7.9 + 1.98
Control: 8.1 +1.92
Interventions:
SMS: 8.97 £ 1.65
CHW: Community health worker; CM: Case manager; SD: Standard deviation.

in medication adherence, eight were RCTs, four
used a pre—post design, two were cohort stud-
ies, two were quasiexperimental with pre—post
designs, and one used a parallel-group, repeated-
measure design. The remaining studies were all
RCTs, one of the strongest research designs, and

Zolfaghari et al.

Wolever et al.
(2012)

Wakefield et al.
(2010)

Study (year)
(2012)
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did not show a statistically significant difference
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Table 4. Characteristics of interventions in studies meeting inclusion criteria.

Study (year)

Al Mazroui et al. (2009)
Arora et al. (2012)
Babamoto et al. (2009)
Bogner et al. (2010)
Bogner et al. (2012)
Brennan et al. (2012)
Castillo et al. (2010)
Chanetal. (2012)
Farmer et al. (2012)
Gialamas et al. (2009)
Glasgow et al. (2010)
Glasgow et al. (2012)
Grant et al. (2003)
Jarab etal. (2012)

Kim et al. (2006)

Krass et al. (2005)
Negarandeh et al. (2013)
Odegard et al. (2005)
Odegard et al. (2012)
Rubak et al. (2011)

Tan etal. (2011)
Thiebaud et al. (2008)
Thoolen et al. (2008)

Vervloet et al. (2011)
Wakefield et al. (2012)
Wolever et al. (2010)
Zolfaghari et al. (2012)

Theoretical basis Culturally Education Skills
tailored training

None reported

Not reported

Transtheoretical Model X
Integrated care

Integrated care X
Not reported

Not reported X

X X X X X

x
x

Not reported

Theory of Planned Behavior
Not reported

Not reported X
Social-Cognitive Theory

Not reported

X X X X

Not reported

Not reported

Not reported

None reported

None reported

None reported

None reported
Self-efficacy

None reported
Self-efficacy; proactive
coping

None reported

None reported X

None reported X X
Not reported X

Uses Mobile One-on-one Internet
monitoring phone interaction based
results use
X
X X
X
X
X
X
X
X
X
X
X
X X X
X
X
X
X
X
X
X X

42

in medication adherence. The study design of
those showing and not showing statistically sig-
nificant differences in glycemic control varied.
Likewise, the studies showing a statistically sig-
nificant impact on both medication adherence
and glycemic control simultaneously, had RCT,
pre—post and quasiexperimental designs.

Discussion

® Summary of evidence

This systematic review was conducted to deter-
mine whether interventions for improving med-
ication adherence in adult patients with T2DM
were effective. The findings demonstrate that
interventions can be designed to improve med-
ication adherence; however, heterogeneity of
the studies meeting inclusion criteria made it
difficult to determine the most effective inter-
ventions. The findings may also suggest that

Diabetes Manage. (2014) 4(1)

medication adherence alone is not sufficient
for achieving glycemic control and managing
diabetes. This is noted by several interventions
that improved medication adherence, but did
not significantly improve glycemic control.
The characteristics of these interventions var-
ied, but there are some consistencies between
the studies selected for review. Education,
skills training and problem-solving are vital
components of diabetes management [43-46],
and psychological and behavioral factors also
contribute [1]. According to the US 2012 Stan-
dards for Diabetes Self-Management Education
and Support, diabetes care should not simply
consist of one-off education classes [47]. Instead,
education should be an ongoing exchange of
information between the patient and care team,
and be in congruence with the progression of
the chronic disease [48]. Furthermore, according

future science group
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Telephone Assistin Nurse Diabetes Collaboration Community Pharmacist  Statistical Statistically Ref.
use problem- educators/case educator with health significance  significant
solving managers physicians worker in medication differencein
adherence HbA1c
X X X X (15]
X [16]
X X X X X (17)
X X (18]
X X (19]
X X (20]
x X X X 21]
X X X [22]
X X [23]
X [24]
[25]
[26]
X X [27]
X X (28]
X X X (29]
X X X (30]
X X X [31]
X X (32]
X X X [33]
X (34]
X X (3]
X X [36]
(37]
X [38]
X [39]
X X X X (40]
X X (41]
to the American Diabetes Association (ADA), concerns. The importance of education, skills
guidelines for treatment and interventions tar-  training and problem-solving are evident and
geting T2DM should focus on patient-centered  must be utilized when discussing medication
care such as increasing physical activity, modi- adherence and glycemic control with patients.
fying diet plans and improving weight loss One-on-one counseling was an effective
efforts [49-50]. Of the studies reviewed, more approach used in over half (55%) of the stud-
focused on education than skills training and  ies that included this method as an intervention
problem-solving. It is gratifying to observe the ~component. Among studies using individual
use of education in the interventions, but an  counseling, the topics discussed included
ideal intervention would also include skills self-efficacy, self-management, adherence and
training and problem-solving, both of which overcoming potential barriers to care. The US
are crucial to achieve glycemic control. Among 2012 Standards for Diabetes Self-Management
the studies addressing education, skills training  Education and Support reports the use of a con-
or problem-solving, the topics included diabe-  tinuous interdisciplinary team, including diabe-
tes knowledge and beliefs, self-management tes and community clinicians, and lay persons,
and use of medications. Some interventions for the ongoing treatment and support of dia-
addressed problem-solving through action plans  betes care [47]. The facilitator used to conduct
and goal setting, while others used open-ended  the interventions during these sessions varied,
questions and time for discussion of patient but used either nurse educators/case managers,
future science group www.futuremedicine.com 43
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a4

CDEs, CHWs or pharmacists, and several doc-
umented collaborations with physicians, who
are essential to any diabetes self-management
plan [43]. Pharmacists seemed to be the most
effective facilitators, but nurse educators and
CHWs were also employed effectively. Research
suggests that approximately 75% of patients
receiving medications from community phar-
macists are adherent [1]. Interventions using cer-
tified diabetes educators were not frequently
designed and, compared with other facilitators,
were not as effective in significantly improving
medication adherence. Including physicians in
the interventions and interactions with patients
was beneficial in the studies reviewed in this
article; however, there are inconsistent results in
adherence when using clinicians such as nurses
and dieticians [1]. These findings suggest that
the use of facilitators, especially pharmacists, is
effective in improving medication adherence.
In addition, although smaller in numbers com-
pared with pharmacists and nurse educators,
using CHWs and CDEs was also effective.
Rothschild and colleagues report that CHWs,
for example, are ideal facilitators because
they have similarities — culture, language and
resources — with the patients enrolled in the
studies, and may be more effective at engaging
the patients compared with clinicians s1]. The
efficacy of facilitators such as CHWs, however,
has not been well established in the literature.
Therefore, more research is needed to examine
the role of facilitators in medication adherence.
Furthermore, it is worth mentioning that future
research should examine the role facilitators
serve as sources of social support for patients
with T2DM [52] and the impact this may have
on glycemic control.

Health technologies were used in some stud-
ies included in this review. The use of telemedi-
cine has grown as providers recognize its ability
to increase access to expert care [s3]. At present,
the internet and mobile phones are often used
to increase adherence and address unintentional
causes of nonadherence such as forgetfulness
and not knowing how to use or take medica-
tions, especially when complex medication regi-
mens are prescribed [2]. The use of telemedicine
in populations with T2DM may provide a way
to increase contact with patients and expand
the one-on-one contact beyond office visits. For
example, Vervloet and colleagues found posi-
tive short-term effects on adherence in a system-
atic review of studies using SMS reminders on

Diabetes Manage. (2014) 4(1)

mobile phones [54]. Based on the success seen in
the articles reviewed, the effectiveness of tele-
medicine in improving medication adherence
should be further investigated.

In a previous review describing methods used
for assessing medication adherence in research
and clinical trials, Farmer explains that no sin-
gle measure of medication adherence is superior
and that the method used must be specific for
the situation [11]. A Cochrane review of inter-
ventions for improving adherence to treatment
recommendations in people with T2DM also
stressed the difficulties of drawing solid con-
clusions from adherence research and the need
for more research in this area [14]. Additionally,
according to WHO, it may be necessary to
assess the level of adherence by each individual
component involved in treatment, such as self-
monitoring of blood sugars, administering and
taking prescribed medications, eating an appro-
priate diet, increasing physical activity and
seeking preventive services, including eye and
foot examinations, rather than using a single
measure to assess medication adherence [1].

The variety of methods used for assess-
ing medication adherence was evident in this
review and may have influenced the significant
differences observed. For example, several
studies demonstrated statistical changes in
medication adherence, but did not show the
same in glycemic control. This may infer that
taking medications alone is not sufficient for
improving HbAlc. Furthermore, it was not
always clear whether other aspects of diabetes
management were used in the intervention and
analyses, thus making it difficult to determine
whether the intervention significantly impacted
upon medication adherence or was a product of
combined management efforts. More research
should be conducted to assess the need for a
clear and uniform definition and measure of
adherence. In addition, future studies should
examine whether medication adherence is an
appropriate variable for reliably predicting
glycemic control.

Finally, it is important to understand that
the design of the intervention may also con-
tribute to the significance or lack thereof in
outcomes such as medication adherence and
glycemic control. Significance may vary based
on the short- and long-term goals of an inter-
vention. In a study to identify causes of non-
adherence with medications, Hugtenburg and
colleagues recognized the reasons why patients

future science group
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might not adhere to medication regimens or
might be unsuccessful in intervention trials [2].
These reasons included complex interventions
and nontailored interventions not meeting the
specific needs of the patients. These findings
suggest the need for more research into simpli-
fying medication regimens and interventions.
Reasons for nonadherence must also be detected
and discussed. Patients, in collaboration with
their care teams, should examine methods for
improving compliance and generating solutions
to address problems with adherence.

B Limitations

This study has four limitations that should
be mentioned. First, the search was limited
to articles published in the English language
between January 2000 and May 2013. Second,
the review was limited to studies using inter-
ventions addressing medication adherence as an
outcome. By including the studies that assessed
medication adherence by intervention only,
evidence from other study designs, such obser-
vational and/or nonexperimental designs, was
not presented here, and may have demonstrated
different results. As a result of that exclusion,
future reviews investigating medication adher-
ence in multiple study designs are warranted.
Third, since studies with positive results are
more likely to be published, the studies in this
review may reflect publication bias. Fourth, the
diversity of the studies and the heterogeneous
methodology prevented a meta-analysis from
being performed. Conclusions from this review
are, therefore, qualitative and meant to guide
future research rather than serve as conclusive
answers.

Conclusion & future perspective

Based on this review, more research is needed
to identify effective interventions for improving
medication adherence in T2DM. Our findings
show that it is difficult to identify the interven-
tions with the most profound effect on improv-
ing diabetes-related outcomes. However, this
review did find a number of characteristics that
may influence medication adherence based on
statistical significance of results. These include
targeted educational components that are used
while engaging patients in skills building and
problem-solving; one-on-one counseling using
facilitators such as pharmacists, nurse educa-
tors or CHWs; and use of health technologies
including cell phones and the internet.

future science group

Additionally, our findings suggest that medi-
cation adherence is not solely responsible for
achieving glycemic control. Not all studies that
found significant changes in medication adher-
ence found similar changes in glycemic control.
Previous evidence suggests that patient-level
factors account for 90-95% of the variance
seen in glycemic control [55.56]. This variance
is not solely due to taking medications, but
also to eating a healthy and appropriate diet,
maintaining a healthy weight, increasing physi-
cal activity, identifying applicable risk factors,
being motivated, and practicing preventive
care [7]. This is supported by the definition of
adherence reported by WHO, where adherence
encompasses health-related behaviors in addi-
tion to taking prescribed medications [1]. Hav-
ing access to the medications and taking the
medications as prescribed are imperative; how-
ever, medications alone are not sufficient for
successful disease management and treatment.

Providers and health systems must take the
onus of the improving medication adherence
and not consider adherence the sole responsibil-
ity of the patient. WHO suggests that patients
must be supported and not blamed for prob-
lems with adherence [1]. Wolpert and Ander-
son recognized goal setting and encouragement
as critical components to engaging patients
in behavior changes that ultimately lead to
improved glycemic control [s7]. They stress
the importance of distinguishing between
standardized, clinical goals that may often
be unattainable by the patient, and patient
goals that are more realistic and likely to lead
to tighter glycemic control. Additionally, the
ADA suggests the development of personalized
plans by the patient and care team that are spe-
cific to individual patients (i.e., patient-specific
symptoms, comorbid conditions, age, weight,
race/ethnicity, gender and lifestyle) [soj. This
is an important factor in improving disease
management, glycemic control and quality
of life.

Finally, investigation into the clear, accept-
able and applicable definitions and measures of
medication adherence, and whether outcomes
adequately predict or reflect appropriate adher-
ence are important. The factors that influence
medication adherence must be recognized and
relayed to patients with T2DM in simple terms
to improve empowerment, adherence and, ulti-
mately, outcomes. This is particularly true since
diabetes management is multidimensional and
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not solely based on adhering to a medication
regimen. A Cochrane review on interventions
for enhancing medication adherence reported
current methods for improving medication
adherence as being complex and ineffective [s8].

In conclusion, research must continue to
emphasize the benefits of medication adher-
ence and tailor interventions that optimize
diabetes management. Medication adherence
may vary based on demographic characteris-
tics (i.e., race/ethnicity, gender and age), cul-
ture and social determinants of health. Factors
that influence medication adherence must be
identified and addressed as they emerge and
change to allow for better overall control of

chronic disease burden. Patients, providers and
health systems should take ownership of their
respective roles in order to improve medical
adherence and diabetes-related outcomes.
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