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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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�� 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 
be developed.

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

�� 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.

�� Uniform definitions for medication adherence must be constructed.

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

�� Clinical outcomes may not adequately reflect medication adherence.

�� Benefits of medication adherence must continue to be reinforced.
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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% 

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 (HbA1c ≥7%), 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.

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.

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 II diabetes’

�� Any in ‘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’

�� Any in ‘Type 2 diabetes’ category and any in 
‘compliance/adherence’ category and text 
word ‘intervention’
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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, RJ 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 

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 HbA1c, it was included in Table 3, 
which provides mean baseline HbA1c, 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 

148,990 articles identi�ed
for diabetes

228,716 articles identi�ed
for compliance/adherence

311,657 articles identi�ed
for intervention

922 articles screened after
duplicates were removed

56 full articles reviewed

27 eligible studies included
in the systematic review

Eliminated 866 ineligible
abstracts

Eliminated 29 ineligible
articles

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 HbA1c.

�� 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 

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 HbA1c 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 
HbA1c between groups, is reported in Table 3 
[42]. Eight out of 18 studies demonstrated sta-
tistically significant improvements in HbA1c 
between the intervention groups and the control 
groups [15,17–19,22,28,34–35]. In these studies, the 
percentage change in HbA1c 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 
HbA1c [21,29]. For one study, there was a -0.6% 
drop in the HbA1c, 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 
HbA1c. 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], 
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 HbA1c between groups and/or at differ-
ent time points. Eight used monitoring data, 
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 HbA1c. 
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 HbA1c. 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 [22,28,33,40], telephones 
[15,17,23,26,30,36,38–40] and the internet [18]. Of 
those using health technologies, three of the 
mobile usage studies and seven of the studies 
using telephones were significant for differ-
ences in medication adherence and/or HbA1c. 
The study using internet delivery did not show 
significant differences. Facilitators were used 
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-
cians were significant for medication adherence 
and/or HbA1c. Using CDEs showed statistical 
significance only for HbA1c, as did two of the 
studies using nurses and CHWs, 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 
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 
did not show a statistically significant difference Ta
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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 

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 

Table 4. Characteristics of interventions in studies meeting inclusion criteria.

Study (year) Theoretical basis Culturally 
tailored

Education Skills 
training

Uses 
monitoring 
results

Mobile 
phone 
use

One-on-one 
interaction

Internet 
based

Telephone 
use

Assist in 
problem-
solving

Nurse 
educators/case 
managers

Diabetes 
educator 

Collaboration 
with 
physicians

Community 
health 
worker

Pharmacist Statistical 
significance 
in medication 
adherence

Statistically 
significant 
difference in 
HbA1c

Ref.

Al Mazroui et al. (2009) None reported x x x x x x [15]

Arora et al. (2012) Not reported x x x [16]

Babamoto et al. (2009) Transtheoretical Model x x x x x x x x x [17]

Bogner et al. (2010) Integrated care x x x x x x x [18]

Bogner et al. (2012) Integrated care x x x x x x x [19]

Brennan et al. (2012) Not reported x x x x x [20]

Castillo et al. (2010) Not reported x x x x x x x [21]

Chan et al. (2012) Not reported x x x x x [22]

Farmer et al. (2012) Theory of Planned Behavior x x x [23]

Gialamas et al. (2009) Not reported x x [24]

Glasgow et al. (2010) Not reported x x x x x [25]

Glasgow et al. (2012) Social–Cognitive Theory x x x x [26]

Grant et al. (2003) Not reported x x x x x [27]

Jarab et al. (2012) Not reported x x x x x x x [28]

Kim et al. (2006) Not reported x x x x x x [29]

Krass et al. (2005) Not reported x x x x [30]

Negarandeh et al. (2013) None reported x x x x x [31]

Odegard et al. (2005) None reported x x x x x [32]

Odegard et al. (2012) None reported x x x x x x [33]

Rubak et al. (2011) None reported x [34]

Tan et al. (2011) Self-efficacy x x x x x x x [35]

Thiebaud et al. (2008) None reported x x x x x x x [36]

Thoolen et al. (2008) Self-efficacy; proactive 
coping

x x x [37]

Vervloet et al. (2011) None reported x x [38]

Wakefield et al. (2012) None reported x x X [39]

Wolever et al. (2010) None reported x x x x x x x [40]

Zolfaghari et al. (2012) Not reported x x x x x [41]
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to the American Diabetes Association (ADA), 
guidelines for treatment and interventions tar-
geting T2DM should focus on patient-centered 
care such as increasing physical activity, modi-
fying diet plans and improving weight loss 
efforts [49–50]. Of the studies reviewed, more 
focused on education than skills training and 
problem-solving. It is gratifying to observe the 
use of education in the interventions, but an 
ideal intervention would also include skills 
training and problem-solving, both of which 
are crucial to achieve glycemic control. Among 
the studies addressing education, skills training 
or problem-solving, the topics included diabe-
tes knowledge and beliefs, self-management 
and use of medications. Some interventions 
addressed problem-solving through action plans 
and goal setting, while others used open-ended 
questions and time for discussion of patient 

concerns. The importance of education, skills 
training and problem-solving are evident and 
must be utilized when discussing medication 
adherence and glycemic control with patients.

One-on-one counseling was an effective 
approach used in over half (55%) of the stud-
ies that included this method as an intervention 
component. Among studies using individual 
counseling, the topics discussed included 
self-efficacy, self-management, adherence and 
overcoming potential barriers to care. The US 
2012 Standards for Diabetes Self-Management 
Education and Support reports the use of a con-
tinuous interdisciplinary team, including diabe-
tes and community clinicians, and lay persons, 
for the ongoing treatment and support of dia-
betes care [47]. The facilitator used to conduct 
the interventions during these sessions varied, 
but used either nurse educators/case managers, 
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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 [51]. 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 [53]. 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 

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 HbA1c. 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 
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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.

�� 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.

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 [57]. 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) [50]. 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 



Diabetes Manage. (2014) 4(1) future science group46

Review  Williams, Walker, Smalls, Campbell & Egede

References
Papers of special note have been highlighted as:
n	 of interest
n  n	 of considerable interest

1	 Sabate E. Adherence to long-term therapies: 
evidence for action. In: WHO Library 
Cataloguing-in-Publication Data. WHO, 
Geneva, Switzerland, XIII–XIV, 3–11, 71–82 
(2003).

2	 Hugtenburg JG, Timmers L, Elders PJM, 
Vervloet M, van Dijk L. Definitions, variants, 
and causes of nonadherence with medication: 
a challenge for tailored interventions. Patient 
Prefer. Adherence 7, 675–682 (2013).

3	 Odegard PS, Capoccia K. Medication taking 
and diabetes: a systematic review of the 
literature. Diabetes Educ. 33(6), 1014–1029 
(2007).

4	 Egede LE, Gebregziabher M, Hunt KJ et al. 
Regional, geographic, and ethnic differences 
in medication adherence among adults with 
Type 2 diabetes. Ann. Pharmacother. 45, 
169–178 (2011).

5	 Egede LE, Lynch CP, Gebregziabher M et al. 
Differential impact of longitudinal 
medication non-adherence on mortality by 
race/ethnicity among veterans with diabetes. 
J. Gen. Intern. Med. 28(2), 208–215 (2013).

6	 Egede LE, Gebregziabher M, Dismuke CE 
et al. Medication nonadherence in diabetes: 
longitudinal effects on costs and potential 
cost savings from improvement. Diabetes Care 
35(12), 2533–2539 (2012).

7	 Lawrence DB, Ragucci KR, Long LB, Parris 
BS, Helfer LA. Relationship of oral 
antiglycemic (sulfonylurea or metformin) 
medication adherence and haemoglobin A1c 
goal attainment for HMO patients enrolled in 
a diabetes disease management program. 
J. Manag. Care Pharm. 12, 466–471 (2006).

8	 Sokol MC, McGuigan KA, Verbrugge RR, 
Epstein RS. Impact of medication adherence 
on hospitalization risk and healthcare cost. 
Med. Care 43, 521–530 (2005).

9	 Ho PM, Rumsfeld JS, Masoudi FA et al. 
Effect of medication nonadherence on 
hospitalization and mortality among patients 
with diabetes mellitus. Arch. Intern. Med. 
166, 1836–1841 (2006).

10	 Salas M, Hughes D, Zuluaga A, Vardeva K, 
Lebmeier M. Costs of medication 
nonadherence in patients with diabetes 
mellitus: a systematic review and critical 
analysis of the literature. Value Health 12(6), 
915–922 (2009).

11	 Farmer KC. Methods for measuring and 
monitoring medication regimen adherence in 
clinical trials and clinical practice. Clin. Ther. 
21(6), 1074–1090 (1999).

12	 Sikka R, Xia F, Aubert RE. Estimating 
medication persistency using administrative 
claims data. Am. J. Manag. Care 11, 449–457 
(2005).

13	 Thomas DE, Elliott EJ, Naughton GA. 
Exercise for Type 2 diabetes mellitus. 
Cochrane Database Syst. Rev. 19(3), 
CD002968 (2006).

14	 Vermeire E, Wens J, Van Royen P, Biot Y, 
Hearnshaw H, Lindenmeyer A. Interventions 
for improving adherence to treatment 
recommendations in people with Type 2 
diabetes mellitus. Cochrane Database Syst. 
Rev. 18(2), CD003638 (2005).

15	 Al Mazroui NR, Kamal MM, Ghabash NM, 
Yacout TA, Kole PL, McElnay JC. Influence 
of pharmaceutical care on health outcomes in 
patients with Type 2 diabetes mellitus. Br. 
J. Clin. Pharmacol. 67(5), 547–557 (2009).

n  n	 Multiple diabetes-related outcomes 
significantly improved after patients received 

education and advice on medication 
adherence.

16	 Arora S, Peters AL, Agy C, Menchine M. A 
mobile health intervention for inner city 
patients with poorly controlled diabetes: proof-
of-concept of the TExT-MED program. 
Diabetes Technol. Ther. 14(6), 492–496 (2012).

17	 Babamoto KS, Sey KA, Camilleri AJ, 
Karlan VJ, Catalasan J, Morisky DE. 
Improving diabetes care and health measures 
among hispanics using community health 
workers: results from a randomized controlled 
trial. Health Educ. Behav. 36(1), 113–126 
(2009).

n  n	 Compared two intervention types 
(community health workers and case 
management) with usual care to assess 
medication adherence. Medication adherence 
remained unchanged or worsened with 
intervention, but glycemic control 
significantly improved.

18	 Bogner HR, de Vries HF. Integrating Type 2 
diabetes mellitus and depression treatment 
among African Americans: a randomized 
controlled pilot trial. Diabetes Educ. 36(2), 
284–292 (2010).

19	 Bogner HR, Morales KH, de Vries HF, 
Cappola AR. Integrated management of 
Type 2 diabetes mellitus and depression 
treatment to improve medication adherence: a 
randomized controlled trial. Ann. Fam. Med. 
10(1), 15–22 (2012).

20	 Brennan TA, Dollear TJ, Hu M et al. An 
integrated pharmacy-based program improved 
medication prescription and adherence rates in 
diabetes patients. Health Aff. (Millwood) 31(1), 
120–129 (2012).

n	 Assessed medication adherence using different 
interventions (pharmacy and mail order) 

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 [58].

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.

Financial & competing interests disclosure
This work was supported by the National Institute of 
Diabetes and Digestive Kidney Disease (NIDDK; award 
number 5K24DK093699-02). The authors have no other 
relevant affiliations or financial involvement with any 
organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed 
in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of 
this manuscript.



future science group www.futuremedicine.com 47

Interventions to improve medication adherence in Type 2 diabetes  Review

versus control. There were statistically 
significant differences between the two 
interventions.

21	 Castillo A, Giachello A, Bates R et al. 
Community-based diabetes education for 
latinos: The Diabetes Empowerment 
Education Program. Diabetes Educ. 36(4), 
586–594 (2010).

n	 Describes an intervention effective in 
improving medication adherence and 
glycemic control.

22	 Chan CW, Siu SC, Wong CK, Lee VW. A 
pharmacist care program: positive impact on 
cardiac risk in patients with Type 2 diabetes. 
J. Cardiovasc. Pharmacol. Ther. 17(1), 57–64 
(2012).

n	 Using pill count as the measure of 
adherence, patients in the intervention 
group were more compliant compared 
with the usual care group. HbA1c also 
reduced significantly compared with 
usual care.

23	 Farmer A, Hardeman W, Hughes D et al. 
An explanatory randomised controlled trial of 
a nurse-led, consultation-based intervention 
to support patients with adherence to taking 
glucose lowering medication for Type 2 
diabetes. BMC Fam. Pract. 13, 30 (2012).

24	 Gialamas A, Yelland LN, Ryan P et al. Does 
point-of-care testing lead to the same or better 
adherence to medication? A randomized 
controlled trial: the PoCT in general practice 
trial. Med. J. Aust. 191, 487–491 (2009).

25	 Glasgow RE, Kurz D, King D et al. Outcome 
of minimal and moderate support versions of 
an internet-based diabetes self-management 
support program. J. Gen. Intern. Med. 25(12), 
1315–1322 (2010).

26	 Glasgow RE, Kurz D, King D et al. 
Twelve‑month outcomes of an internet-based 
diabetes self-management support program. 
Patient Educ. Couns. 87(1), 81–92 (2012).

27	 Grant RW, Devita NG, Singer DE, Meigs JB. 
Improving adherence and reducing 
medication discrepancies in patients with 
diabetes. Ann. Pharmacother. 37(7–8), 
962–969 (2003).

28	 Jarab AS, Alqudah SG, Mukattash TL, 
Shattat G, Al-Qirim T. Randomized 
controlled trial of clinical pharmacy 
management of patients with Type 2 diabetes 
in an outpatient diabetes clinic in Jordan. 
J. Manag. Care Pharm. 18(7), 516–526 
(2012).

29	 Kim HS, Kim NC, Ahn SH. Impact of a 
nurse short message service intervention for 
patients with diabetes. J. Nurs. Care Qual. 
21(3), 266–271 (2006).

30	 Krass I, Taylor SJ, Smith C, Armour CL. 
Impact on medication use and adherence of 
Australian pharmacists’ diabetes care 
services. J. Am. Pharm. Assoc. 45(1), 33–40 
(2005).

31	 Negarandeh R, Mahmoodi H, Noktehdan 
H, Heshmat R, Shakibazadeh E. Teach back 
and pictorial image educational strategies on 
knowledge about diabetes and medication/
dietary adherence among low health literate 
patients with Type 2 diabetes. Prim. Care 
Diabetes 7(2), 111–118 (2013).

32	 Odegard PS, Goo A, Hummel J, Williams 
KL, Gray SL. Caring for poorly controlled 
diabetes mellitus: a randomized pharmacist 
intervention. Ann. Pharmacother. 39, 
433–440 (2005).

33	 Odegard PS, Christensen DB. MAP study: 
RCT of a medication adherence program for 
patients with Type 2 diabetes. J. Am. Pharm. 
Assoc. 52, 753–762 (2012).

34	 Rubak S, Sandbæk A, Lauritzen T, Borch-
Johnsen K, Christensen B. Effect of 
“motivational interviewing” on quality of 
care measures in screen detected Type 2 
diabetes patients: a one-year follow-up of an 
RCT, ADDITION Denmark. Scand. J. Prim. 
Health Care 29(2), 92–98 (2011).

35	 Tan MY, Magarey JM, Chee SS, Lee LF, Tan 
MH. A brief structured education 
programme enhances self-care practices and 
improves glycaemic control in Malaysians 
with poorly controlled diabetes. Health Educ. 
Res. 26(5), 896–907 (2011).

36	 Thiebaud P, Demand M, Wolf SA, Alipuria 
LL, Ye Q, Gutierrez PR. Impact of disease 
management on utilization and adherence 
with drugs and tests: the case of diabetes 
treatment in the Florida: a Healthy State 
(FAHS) program. Diabetes Care 31(9), 
1717–1722 (2008).

n	 Demonstrated that care-managed patients 
were more likely to have better medication 
adherence.

37	 Thoolen B, de Ridder D, Bensing J, Gorter 
K, Rutten G. Beyond good intentions: the 
development and evaluation of a proactive 
self-management course for patients recently 
diagnosed with Type 2 diabetes. Health Educ. 
Res. 23(1), 53–61 (2008).

38	 Vervloet M, van Dijk L, Santen-Reestman J, 
van Vlijmen B, Bouvy ML, de Bakker DH. 
Improving medication adherence in diabetes 
Type 2 patients through real time medication 
monitoring: a randomised controlled trial to 
evaluate the effect of monitoring patients’ 
medication use combined with short message 
service (SMS) reminders. BMC Health Serv. 
Res. 11, 5 (2011).

n  n	 Patients receiving assistance with 
medication adherence using dose reminders 
were more likely to take prescribed 
medications within previously agreed time 
periods.

39	 Wakefield BJ, Holman JE, Ray A et al. 
Outcomes of a home telehealth 
intervention for patients with diabetes and 
hypertension. Telemed. J. E Health 18(8), 
575–579 (2012).

40	 Wolever RQ, Dreusicke M, Fikkan J et al. 
Intergrative health coaching for patients with 
Type 2 diabetes: a randomized clinical trial. 
Diabetes Educ. 36(4), 630–639 (2010).

41	 Zolfaghari M, Mousavifar SA, Pedram S, 
Haghani H. The impact of nurse short 
message services and telephone follow-ups on 
diabetic adherence: which one is more 
effective? J. Clin. Nurs. 21(13–14), 
1922–1931 (2012).

42	 Wakefield BJ, Holman JE, Ray A et al. 
Effectiveness of home telehealth in comorbid 
diabetes and hypertension: a randomized, 
controlled trial. Telemed. J. E Health. 17(4), 
254–261 (2011).

43	 Funnell MM, Brown TL, Childs BP et al. 
National standards for diabetes self-
management education. Diabetes Care 
32(Suppl. 1), S87–S94 (2009).

44	 Fisher EB, Thorpe CT, DeVellis BM, 
DeVellis RF. Health coping, negative 
emotions, and diabetes management: a 
systematic review and appraisal. Diabetes 
Educ. 33, 1080–1103 (2007).

45	 King DK, Glasgow RE, Toobert DJ et al. 
Self-efficacy, problem-solving, and social-
environmental support are associated with 
diabetes self-management behaviors. Diabetes 
Care 33(4), 751–753 (2010).

46	 Glasgow RE, Fisher L, Skaff M, Mullan J, 
Toobert DJ. Problem-solving and diabetes 
self-management. Investigation in a large, 
multiracial sample. Diabetes Care 30, 33–37 
(2007).

47	 Haas L, Maryniuk M, Beck J et al. National 
standards for diabetes self-management 
education and support. Diabetes Care 36(1), 
S100–S108 (2013).

48	 Long AF, Gambling T. Enhancing health 
literacy and behavioural change within a 
tele-care education and support intervention 
for people with Type 2 diabetes. Health 
Expect. 15, 267–282 (2011).

49	 Fleming SE, Boyd A, Ballejos M et al. Goal 
setting with Type 2 diabetes: a hermeneutic 
analysis of the experiences of diabetes 
educators. Diabetes Educ. 20(10), 1–9 
(2013).



Diabetes Manage. (2014) 4(1) future science group48

Review  Williams, Walker, Smalls, Campbell & Egede

50	 American Diabetes Association. Management 
of hyperglycemia in Type 2 diabetes: a 
patient centered approach (position 
statement). Diabetes Care 35, S1–S16, 
1364–1379 (2012).

51	 Rothschild SK, Martin MA, Swider SM et al. 
Mexican American trial of community health 
workers: a randomized controlled trial of a 
community health worker intervention for 
Mexican Americans with Type 2 diabetes 
mellitus. Am. J. Public Health doi:10.2105/
AJPH.2013.301439 (2013) (Epub ahead of 
print).

52	 Strom JL, Egede LE. The impact of social 
support on outcomes in adult patients with 

Type 2 diabetes: a systematic review. Curr. 
Diab. Rep. 12, 769–781 (2012).

53	 Kazley AS, McLeod AC, Wager KA. 
Telemedicine in an international context: 
definition, use and future. Adv. Health Care 
Manag. 12, 143–169 (2012).

54	 Vervloet M, van Dijk L, Santen-Reestman J 
et al. SMS reminders improve adherence to 
oral medication in Type 2 diabetes patients 
who are real time electronically monitored. 
Int. J. Med. Inform. 81(9), 594–604 (2012).

55	 Strom JL, Lynch CP, Egede. Rural/urban 
variations in diabetes self-care and quality of 
care in a national sample of US adults with 
diabetes. Diabetes Care 37(2), 254–262 (2011).

56	 Tuerk PW, Mueller M, Egede LE. Estimating 
physician effects on glycemic control in the 
treatment of diabetes: methods, effects sizes, 
and implications for treatment policy. 
Diabetes Care 31(5), 869–873 (2008).

57	 Wolpert HA, Anderson BJ. Metabolic control 
matters: why is the message lost in the 
translation? The need for realistic goal‑setting 
in diabetes care. Diabetes Care 24, 1301–1303 
(2001).

58	 Haynes RB, Ackloo E, Sahota N, 
McDonald HP, Yao X. Interventions for 
enhancing medication adherence (review). 
Cochrane Database Syst. Rev. 2, CD000011 
(2008).


