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Abstract

Background

Poor adherence to anti-diabetic medications contributes to suboptimal glycaemic control in

patients with type 2 diabetes (T2D). A range of interventions have been developed to pro-

mote anti-diabetic medication adherence. However, there has been very little focus on the

characteristics of these interventions and how effectively they address factors that predict

non-adherence. In this systematic review we assessed the characteristics of interventions

that aimed to promote adherence to anti-diabetic medications.

Method

Using appropriate search terms in Medline, Embase, CINAHL, International Pharmaceutical

Abstracts (IPA), PUBmed, and PsychINFO (years 2000–2013), we identified 52 studies

which met the inclusion criteria.

Results

Forty-nine studies consisted of patient-level interventions, two provider-level interventions,

and one consisted of both. Interventions were classified as educational (n = 7), behavioural

(n = 3), affective, economic (n = 3) or multifaceted (a combination of the above; n = 40). One

study consisted of two interventions. The review found that multifaceted interventions, ad-

dressing several non-adherence factors, were comparatively more effective in improving

medication adherence and glycaemic target in patients with T2D than single strategies.

However, interventions with similar components and those addressing similar non-adher-

ence factors demonstrated mixed results, making it difficult to conclude on effective inter-

vention strategies to promote adherence. Educational strategies have remained the most

popular intervention strategy, followed by behavioural, with affective components becoming

more common in recent years. Most of the interventions addressed patient-related (n = 35),

condition-related (n = 31), and therapy-related (n = 20) factors as defined by the World
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Health Organization, while fewer addressed health care system (n = 5) and socio-econom-

ic-related factors (n = 13).

Conclusion

There is a noticeable shift in the literature from using single to multifaceted intervention

strategies addressing a range of factors impacting adherence to medications. However, re-

search limitations, such as limited use of standardized methods and tools to measure ad-

herence, lack of individually tailored adherence promoting strategies and variability in the

interventions developed, reduce the ability to generalize the findings of the studies re-

viewed. Furthermore, this review highlights the need to develop multifaceted interventions

which can be tailored to the individual patient’s needs over the duration of their diabetes

management.

Introduction
Diabetes, characterized by hyperglycaemia, is one of the major chronic conditions that impacts
a significant proportion of the population worldwide [1]. Diabetes is projected to be the 7th
leading cause of death in 2030 [2]; with type 2 diabetes (T2D) accounting for most of the cases
[2].

Management of T2D involves weight loss, via reductions in caloric intake and increases in
physical activity, oral anti-diabetic agents and/or insulin [3, 4]. Non-pharmacological measures
remain one of the key management recommendations, and are usually the starting point for
patients diagnosed with T2D [3, 4]. Different classes of anti-diabetic agents are available for
treatment, and dual, followed by combination therapy is recommended if mono-therapy is in-
sufficient. Patients may ultimately require insulin replacement therapy to adequately manage
their diabetes [4].

While adequate management of diabetes is extremely important for the prevention or delay
of complications arising from poorly controlled blood sugar levels, the ‘chronic’ nature of the
disease, lifelong requirement for medications, requirement for changes in lifestyle, the need to
cope with social, cultural and psychological distress that may occur with the disease, and the
clinical manifestations and associated complications, make the management of diabetes very
complex. There is also a need to individually tailor the therapy for diabetic patients depending
upon their age, demographic variability, co-morbidities and risk of developing complications
[3].

Amidst this complexity, remaining adherent to treatment recommendations, such as home
glucose monitoring, adjustment of food intake, administration of medication(s), regular physi-
cal exercise, foot care and regular medical visits [5] may be a challenge [6]. Adherence to medi-
cations has been recognized as key for optimally controlled diabetes [7, 8] in T2D patients.

Many factors affect adherence to treatment in diabetes such as disease and treatment char-
acteristics and complexity, age, gender, self-esteem, stress, depression, quality of the relation-
ship between patients and health care providers, social support, and patients’ ability to remain
adherent amidst changing circumstances in their daily life [5]. The World Health Organization
(WHO) has recognized five factors which influence adherence to all medications. They are
health system related factors, socio-economic factors, condition related factors, therapy related
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factors and patient related factors [5]. Adherence is therefore a multifactorial behaviour and so-
lutions require acknowledgment of the range of factors.

Studies have shown that medication adherence rates among patients with T2D is not opti-
mal and is comparable to those with other chronic diseases [9]. Adherence to oral diabetes
medications in T2D patients is 36 to 93% and to insulin is around 60% [10]. Treatment non-
adherence in diabetes is well recognised, and interventions to promote adherence, improve
glycaemic control, self-care behaviours and other key outcomes have been designed and imple-
mented in T2D patients. Several reviews and meta-analyses published over the last decade have
addressed these interventions in T2D patients [11–23].

Some reviews have focused on the wider aspect of treatment adherence in diabetes, incorpo-
rating not just adherence to anti-diabetic medications but treatment adherence as a whole [14,
15, 20]. Where adherence to medications are specifically discussed [12, 17, 22, 23], the reviews
have included studies that analysed adherence to a range of medications taken by T2D patients,
rather than being specific to anti-diabetic medications [12]. Only a limited number of reviews
have specifically evaluated interventions assessing adherence to anti-diabetic medications [17,
22, 23]. However, there has been very little focus on the characteristics of these interventions
and how well they address factors that impact non-adherence.

Coincidentally, a review [24] examining interventions to improve medication adherence in
patients with T2D was published at the same time as the current review was being finalized.
However, the review has broad inclusion criteria and does not focus specifically on adherence
to anti-diabetic medications. Furthermore, there was no in-depth categorization of the inter-
vention components or an exploration of non-adherence factors addressed by the interven-
tions. These are key gaps identified in the existing reviews of the literature. Therefore, the
current review aims to assess the characteristics of the interventions, focusing on their compo-
nents and evaluating how they address the factors that contribute to non-adherence to anti-di-
abetic medications. The specific objectives are to:

• identify and categorise the intervention components which have led to improved medication
adherence to anti-diabetic medications;

• determine the WHO non-adherence factors that the interventions have addressed; and

• evaluate changes in intervention designs and implementation techniques over time.

Methods

Literature search
A review of the literature was conducted to identify research articles that have evaluated the
impact of interventions on adherence to anti-diabetic medications in T2D patients. Studies
were searched in the following databases: Medline, Embase, CINAHL, International Pharma-
ceutical Abstracts (IPA), PUBmed, and PsychINFO. Each database was searched using the
appropriate terms for medication adherence (concept 1), type 2 diabetes/ anti- diabetic medica-
tions (concept 2) and intervention studies (concept 3). Key words/ terms to denote these con-
cepts were used and then combined using ‘and’ operator (concept 1 and concept 2 and concept
3) (S1 Fig). The search strategy was limited to articles published from January 2000 to April
2013 (inclusive) and published in English. The references of relevant publications (all studies
included in this review and relevant systematic reviews [12, 14, 15, 17, 20, 21, 23] were hand
searched to find additional studies that met the inclusion criteria (S1 Table). The search strate-
gy as well as the study inclusion and exclusion criteria have also been illustrated previously
[25].
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Data extraction and analysis
For each study, the “intervention” and its characteristics were evaluated in-depth. The inter-
vention components were summarised and the impact of each intervention was recorded. The
interventionist(s), provision of training to the interventionist(s) before delivering the interven-
tion, and the method of evaluating the delivery of the intervention were assessed. The interven-
tions were categorised as recommended by Roter et al. [26]. Further information about the
study characteristics can be found elsewhere [25].

Operational definitions
For the purposes of this review, the following operational definitions were used:

• The term ‘medication adherence/ adherence’ has been used throughout the review to indicate
the extent to which individuals take their medication, despite the alternative terms used in
the studies included in the review.

• Types of Interventions

• Interventions have been classified into Educational, Behavioural and Affective, where appro-
priate, following the classification used by Roter et al [26]. Two additional categories were
also used:

• Educational: “pedagogic interventions, verbal or written, with a knowledge based emphasis
designed to convey information. Specific strategies included one-to-one and group teaching,
the use of written and audio visual materials,mailed materials, and telephone instructions”
[26].

• Behavioural: “interventions that were designed to change compliance by targeting, shaping,
or reinforcing specific behavioural patterns. This included strategies such as skill building
and practice activities, behavioural modelling and contracting, packaging and dosage modifi-
cations or tailoring, rewards, and both mail and telephone reminders” [26].

• Affective: “strategies that attempted to influence adherence through appeals to feelings and
emotions or social relationships and social supports. Included were family support, counsel-
ling, and supportive home visits” [26].

• Economic: interventions that dealt with economic or cost related issues pertaining
to medications.

• Multifaceted: interventions that had components that could be categorized into more than
one of the above categories.

Results

1. Study selection
The literature search identified 6,662 citations. A total of 230 articles appeared to meet the re-
view inclusion criteria and were retrieved in full text. However, only 49 studies actually met the
study criteria and were selected for review. Three more studies were identified from hand
searching. Thus, a total of 52 studies [27–78] were included [25] (S2 Fig).

2. Study characteristics
The majority (57.7%) of the studies were conducted in the USA and most (n = 38) were
published in the last 5 years. Approximately half of the studies were ‘randomized controlled’
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[28, 29, 31, 34, 35, 37, 39, 43, 47–50, 56, 59, 60, 62–64, 66, 67, 69, 72, 75–77]. Participant inclu-
sion criteria varied across the studies in terms of age, HbA1c value, duration since diagnosis,
sample size and duration of study. Most of the interventions were carried in community set-
tings (67.3%), and most were conducted for a maximum of 1 year, with the impact of a majori-
ty of the interventions being assessed for a duration of 6 months.

In addition to assessing anti-diabetic medication adherence as a primary (73.1%) [27–33,
35–38, 40, 42–50, 53–57, 59, 61, 64, 68–72, 74–77] or a secondary (26.9%) outcome, the studies
assessed a range of other clinical or patient specific outcomes. The study characteristics have
been discussed in detail previously [24].

The most widely used method for measuring anti-diabetic medication adherence was self-
report, and the commonest tool reported was the Summary of Diabetes Self-care Activities
(SDSCA) questionnaire. Overall, the methods for measuring anti-diabetic medication adher-
ence varied across the studies, and the implications have been discussed elsewhere [25].

3. Interventions and their characteristics
3.1. Classifying the interventions. Forty nine manuscripts dealt with interventions direct-

ed at the patient [27–29, 31, 33–51, 53–78], two at the healthcare provider [30, 32], and one at
both [52] (Table 1). Most (n = 40) [27–30, 32–43, 47, 48, 50–56, 58, 60–62, 65–67, 69, 70, 72–
76, 78] were complex interventions with more than one component, and have been categorized
as ‘multifaceted’. Others have been classified as educational (n = 7) [44, 45, 49, 59, 63, 68, 71],
behavioural (n = 3) [31, 64, 77] or economic (n = 3) [46, 57, 68]. There were no interventions
that were solely ‘affective’.

The majority (n = 46) of the interventions had an ‘educational’ component [27–30, 32–45,
47–56, 58–63, 65–72, 74–76, 78]. Thirty eight had a ‘behavioural’ component [27, 29–43, 47,
48, 50, 52–56, 60–62, 64, 67, 69, 70, 72–78], and 23 interventions [28, 35, 37, 40, 41, 47, 48, 50,
52–56, 58, 60–62, 65, 66, 69, 72, 73, 75] had an ‘affective’ component.

3.2. WHO dimensions of non-adherence factors addressed by the interventions. Most
interventions addressed patient-related (n = 35) [27–29, 31, 33–35, 37, 38, 40, 41, 43, 45, 47, 48,
50, 53–56, 58, 61, 62, 64–73, 75, 77, 78], condition-related (n = 31) [27–29, 35–37, 39–44, 49–
53, 55, 56, 59–63, 66, 67, 69, 71, 74, 76, 78], and therapy-related (n = 20) [28, 29, 33–37, 39, 44,
45, 49–51, 53, 56, 60, 63, 67, 69, 70] factors. Only a few took into consideration the socio-eco-
nomic (n = 13) [37, 40, 41, 46, 50, 52, 53, 57, 58, 65, 68, 69, 71] and health care system-related
factors (n = 5) [28, 30–32, 62]. While none covered all five, thirteen studies [28, 29, 35, 37, 40,
41, 50, 53, 56, 62, 67, 69, 71] addressed three or four factors. The remainder either addressed
one (n = 18) [30, 32, 38, 42, 46–48, 54, 57, 59, 64, 68, 72–77] or two (n = 21) [27, 31, 33, 34, 36,
39, 43–45, 49, 51, 52, 55, 58, 60, 61, 63, 65, 66, 70, 78] factors (Table 1). The details of the ‘tele-
phonic diabetes education and support’ constituting one intervention were not provided,
hence it was not possible to predict the factors that were addressed by the education program,
although a general assumption could be made that multiple factors, patient related, condition
related and therapy related factors, could have been included [68].

3.3. Interventionist(s). Of those studies where the interventionist(s) was clearly identified,
pharmacist(s) [28, 33, 34, 51, 60, 61, 63, 70, 75, 76] and nurse(s) [29, 36, 38, 42, 48, 53, 62, 66,
71, 72, 78] were involved in delivering the intervention in ten and eleven studies, respectively
(Table 1). Community health workers (n = 2) [41, 52], peer supporters (n = 1) [65], bachelor
level research assistants (n = 2) [31, 69], masters level research coordinators (n = 2) [50, 69],
general practitioners/ clinicians/ physicians (n = 2) [30, 45] were involved in the other inter-
ventions. The educators involved, were either professional educators, for example diabetes edu-
cators (n = 3) [40, 44, 55], and health educators (n = 1) [67] or were behavioural coaches
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(n = 2) [47, 56]. Several authors reported the interventionist(s) simply as ‘investigator(s)’ [27,
39] or ‘researcher(s)’ [35]. A few studies did not specify who delivered the intervention [37, 49,
58, 64, 73], and in four studies, an interventionist was not applicable as the studies evaluated
the impact of value based insurance designs or Medicare part D program [46, 57, 68]; or the in-
tervention was a multimedia program [59].

3.4. Training to the interventionist and assessment of intervention delivery. Interven-
tionists were trained for intervention delivery in 36.5% of the studies (n = 19) [35, 38, 41, 45,
47, 48, 50, 52, 56, 58, 60–62, 65, 67, 69, 70, 72, 75] and in only 11.5% of the studies was the de-
livery of the intervention assessed (n = 6) [45, 50, 58, 62, 65, 72] in order to determine how the
intervention was delivered (Table 1).

3.5. Characteristics of interventions reporting improved medication adherence. Ap-
proximately 41.5% (n = 22) of the studies [31, 32, 36, 44, 49–54, 56, 57, 61, 63, 67, 69, 70, 72,
74–77] reported improvements in medication adherence. The interventions reporting im-
proved medication adherence were mostly multifaceted (n = 16) [32, 36, 50–54, 56, 61, 67, 69,
70, 72, 74–76], followed by educational (n = 3) [44, 49, 63], behavioural (n = 2) [31, 77], and
economic (n = 1) [57]. In addition, the non-adherence factors addressed by the interventions
had a similar trend. Five studies [50, 53, 56, 67, 69] addressed either three (n = 2) [56, 67] or
four (n = 3) [50, 53, 69] factors, while nine [31, 36, 44, 49, 51, 52, 61, 63, 70] and eight [32, 54,
57, 72, 74–77] studies addressed either two or one factor, respectively.

The interventionists involved in delivering these interventions varied. Pharmacists and
nurses were involved in six [51, 61, 63, 70, 75, 76] and three [36, 53, 72] interventions, respec-
tively. A nurse was also involved in another, along with a dietician and another professional
[54]. Student level researchers were involved in three studies [31, 50, 69] and in two, they were
referred to as ‘integrated care managers’ [50, 69]. Two studies mentioned respectively ‘health
care professionals’ [44] and health care providers [74] were involved in leading the intervention
sessions, without specifying who they were. “Coaches” [56] and Community Health Workers
(CHWs) [52] were interventionists in other studies. Three studies did not specify who the in-
terventionist was [49, 57, 77], and in two an interventionist was not required as these studies ei-
ther evaluated the effect of implementing the Medicare part D program on anti-diabetic
medication adherence [57], or the patients were delivered their OHAs in Real Time Medication
Monitoring (RTMM) medication dispensers, which helped in registering their medication real
time [77].

The interventionists were trained for the delivery of the study intervention in eight studies
[50, 52, 61, 67, 69, 70, 72, 75]. Two studies [50, 72] assessed the delivery of the intervention
process, while two others mentioned providing supervision of [67], and consultation with [75]
the interventionists during the intervention delivery.

3.6. Characteristics of interventions reporting improvement in HbA1c. HbA1c was an
outcome measure in 64.1% of the studies (n = 34) [27–29, 31, 33–41, 43, 47, 50–56, 58–60, 62,
64–67, 69, 71, 74, 78]; 16 of which [33, 36, 39, 50–55, 58, 60, 64, 66, 67, 69, 71] reported a signif-
icant impact on HbA1c. More than 80% of these interventions were multifaceted, and more
than 85% (n = 14) addressed two or more WHO non-adherence factors.

3.7. Characteristics of interventions reporting improvement in both medication adher-
ence and HbA1c. Out of the 34 studies that assessed the impact of interventions on both
medication adherence and HbA1c, nine [36, 50–54, 56, 67, 69] reported a positive impact on
both medication adherence and HbA1c. However, in one study, the improvements in HbA1c
were seen in patients with HbA1c>7%, rather than all participating patients [56]. The inter-
ventions were all multifaceted. In one study, the educational component was the primary com-
ponent; however, it appeared that there was also a behavioural component, though it cannot be
stated with certainty without obtaining more detailed information about the program [51].
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Three studies [50, 53, 69] addressed condition-related, patient-related, therapy-related and
socio-economic factors. Two others [56, 67] targeted the former three factors. One [54] was fo-
cused only on patient-related factors. Two addressed condition and therapy-related factors [36,
51], and one [52] addressed four: patient, condition, therapy and socio-economic-related
factors. None addressed the health care system related factors.

Two studies [50, 69] included patients who had diabetes and depression and involved inte-
grated care management for diabetes and depression. Both of these studies, published by the
same authors, employed the same intervention strategy. The intervention was multifaceted, de-
livered by trained ‘integrated care managers’ and addressed patients’ individual, social and
cultural needs, and was designed to improve medication adherence, glycaemic control and
depression outcomes.

Two studies consisted of telephone-based interventions to improve diabetes control [53,
67]. One involved telephone calls conducted by nurses to deliver education about of diet, exer-
cise and medication adherence [53]. In the other, participants received telephone calls from
health educators primarily about diabetes medication adherence [67].

Other interventions consisted of SMS delivered by nurses to educate the patients and aid in
reinforcement of diet, exercise and medication adjustment [36]; a diabetes education program
delivered by community health care workers [52]; pharmaceutical care program [51]; integrat-
ed health coaching [56] and a cognitive behavioural therapy for adherence and depression
[54].

3.8. Major elements in the intervention processes and changes over time. Overall, inter-
ventions have been refined over time, both in terms of their design, and delivery. The majority
of the interventions were multifaceted, with increasing incorporation of affective components,
especially for interventions implemented since 2010. Approximately 35.7% of the interventions
published prior to 2010 included an affective component compared to 42.1% after 2010.

Educating patients, individually or in groups, on various behavioural and medicine related
issues has remained one of the most widely used strategies to promote adherence over the past
13 years. Similarly, using telephones has remained a popular strategy for delivering interven-
tions and conducting follow-ups. However, more recently, mobile phones have been used to
deliver educational messages as well as send text reminders as behavioural prompts (eg in col-
lecting refills and taking medications) [36, 64, 78].

Interventions published, particularly after 2005, were more intensive and complex. The in-
terventions not only addressed the patients’ knowledge gap and problems related to self-man-
agement practices, but also incorporated a range of other pertinent issues, for example
‘cognitive improvement’ [35], ‘cultural issues’ [37, 40], ‘inclusion of support person’ [37],
‘stress and stress management’ [37] and ‘self-efficacy’ [37, 47]. Concepts such as ‘integrated
health coaching’ [56], ‘cognitive behavioural therapy’ [54, 62] were also implemented and eval-
uated. Goal setting as an intervention strategy was seen to emerge in the studies published after
2007 [43, 48, 56, 67]. Thus, over time the interventions have become more patient-centred at-
tempting to address specific patient needs with focus on adding more affective approaches.

Use of technology for designing interventions was reported more in the studies published
after 2005. Such, technology driven interventions, varied from simple strategies, for eg. using a
cell phone or an internet to input blood glucose data and receive feedback [36], to the use of
complex computer programs, such as NICHE technology [38] andWell Doc’s Proprietory Man-
agement Software System [39] for diabetes management.

Three studies, published since 2009 [46, 57, 68] have addressed the economic component,
which had not been addressed previously.

Although interventions have become more complex in recent years, more ‘straightforward’
strategies such as delivering education materials, providing routine education sessions, and
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displaying multimedia programs in waiting room settings, are still used in some interventions.
Moreover, the complex interventions have involved the addition of more patient oriented com-
ponents to these ‘simple’ strategies, and these have proven slightly more successful than the
‘simpler’ ones.

Discussion
There has been a significant increase in the number of studies implementing and evaluating in-
terventions aimed at promoting adherence to anti-diabetic medications, with the majority
being conducted in the USA. Overall, the systematic review identified a range of intervention
techniques which have been employed in an effort to improve self–care behaviours including
adherence to anti-diabetic medications, in patients with T2D. The interventions were primarily
directed at patients and ranged from simple educational interventions, including supply of edu-
cational materials, to complex interventions which took into consideration patients’ attitudes,
practices and preferences in addition to educating and aiding them to adhere to therapy. In
fact, a majority of the interventions were multifaceted, consisting of a combination of more
than one educational, behavioural or affective strategy. The interventions were delivered main-
ly by nurses and pharmacists; only a few studies reported having trained the interventionist on
delivering the intervention, and even fewer reported assessing the delivery of the intervention
by the interventionists.

Only a few of the interventions reviewed reported a significantly positive impact on adher-
ence to anti-diabetic medication, and even fewer had a positive impact on both medication ad-
herence and HbA1c levels, a parameter assessed in most studies as the measure of glycaemic
control. Most of these successful interventions were multifaceted, employing a combination of
strategies. However, interventions with comparable approaches showed varying results, and
made it very difficult to deduce the effective intervention components. It was outside the scope
of this review to investigate the components and delivery of the interventions in-depth, to de-
termine whether the interventions were developed appropriately and/or adequately delivered
by the most suitable healthcare professional. This level of investigation requires access to pro-
cess implementation data which may not have been collected by the original researchers.

Combination strategies have been recognized as more likely to enhance outcomes and re-
duce costs for patients with T2D [79]. Whereas this aspect is undoubtedly supported by the
findings in the review, a few interventions which consisted of an educational, behavioural or
economic component only, have also had an impact on anti-diabetic medication adherence.
Overall, educational content was the most common component of the interventions. This indi-
cates the importance of educating patients about their condition and its therapy as a first step
in increasing awareness about the importance of adherence to treatment and motivating pa-
tients to take their medications to ensure improved disease management and better health out-
comes. Moreover, educating patients through the provision of written materials, electronic
media, and verbally, could perhaps be regarded as one of the simplest and most efficient strate-
gies to implement when the goal is to promote patients’ adherence to their therapy. However,
effective education and determining that patients have understood the information and that
the information has not only increased knowledge but resulted in a behavioural change, pres-
ents a greater challenge to researchers, clinicians and healthcare providers involved in deliver-
ing interventions to patients with T2D.

Behavioural strategies, which are increasingly being used in adherence support interven-
tions, range from adherence aids (eg dose administration aids) which address non-intentional
adherence, to motivational interviewing and other more complex strategies, which aim to ad-
dress several factors impacting patients’medication taking behaviour. Non-adherence may be
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due to a multitude of factors, and a combination of educational and behavioural strategies pro-
vide a greater likelihood of addressing the factors that impede adherence in a broader group of
patients. Additionally, diabetes management involves management of lifestyle issues, and
therefore, it becomes quite important for patients to adapt to the changing circumstances.
Behavioural component(s) would aid the patient in the process of adaptation, and educational
strategies will provide the information needed to facilitate the behavioural changes. Thus, it is
not surprising that most of the interventions designed over the last few years have consisted of
both educational and behavioural components.

Affective components were employed from the earlier years although affective components
have become more common in the later years, and are present in most of the interventions.
Newer approaches such as inclusion of ‘peer supporters’ as interventionists, addressing cultural
issues and ethnic beliefs, adding novel techniques like integrated health coaching, and address-
ing cognitive issues in the more recent years, has added to the ‘affective’ component, while also
making the newer interventions more patient-centred. While simple individual counselling or
an education session could be regarded as being focussed on a single patient, the impact would
however depend upon the extent to which an individual’s psychosocial needs are taken into
consideration. Psychosocial issues, such as attitudes about illness, affect, mood, diabetes related
quality of life, resources, diabetes-related distress, and cognitive abilities have been recognised
in recent years as important predictors of overall diabetes management [80]. Furthermore,
from a global perspective, cultural issues and societal orientation have also been found to influ-
ence diabetes management [81, 82]. Issues such as these have been recognised as important
predictors of adherence and diabetes management and been included in interventions, thereby
increasing the ‘affective components’ in recent years.

Interactive technology is increasingly being explored for health promotion [83] and was
also employed in adherence promoting interventions identified in this review, in order to deliv-
er educational, behavioural and affective components, either singly or in combination. In its
simplest approach, interactive technology was used to educate, remind, or provide advice to pa-
tients. Other examples of interactive technology used were the Well-doc System, NICHE tech-
nology, tele-health devices, and RTMM technology. These technologies enabled the collection
and transfer of patient specific data/ information across to different professionals/ personnel,
who could then deliver the tailored feedback and reminders to the patients. The increasing ad-
vancement in technology and benefits that can be received particularly with regard to patients
being in contact with their care providers from home is an appealing prospect. Furthermore,
technology driven interventions could have a greater reach, better adoption and implementa-
tion, and increased sustainability; thus having a greater positive heath impact [84]. However,
more research is needed to establish the sustained effects of such technologies and to evaluate
how such technologies can really be useful in the short and long term in promoting adherence
to medications.

Human behaviour in itself is a complex phenomenon. It is therefore more likely that any in-
tervention designed to influence human behaviour, such as modifying medication adherence
or other self-care behaviours in patients with T2D, would be more successful if multiple factors
that intertwine to aid the change in complex human behaviour are addressed. Combined inter-
ventions comprise of different components, which may act both independently and inter-de-
pendently [85], to address the change(s) desired, and may be more effective than using a
single component in isolation. However, complexity involved in designing, implementation,
evaluating and replicating ‘combined intervention(s)’, often complicates the practicalities and
interventions involving a single component may be preferred as they are easier to design, im-
plement and replicate, and often times are successful in influencing a behaviour change.
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It is recommended that the diabetes services be led by the needs of patients [80]. Hence, it is
logical that interventions designed for a behaviour change are guided by patients’ need. Indi-
vidualizing or tailoring strategies for behaviour change to the needs of the individual patients is
more effective than a ‘generic form’ of any strategy; for example, tailoring health behaviour
change messages have been found more effective than generic communications [86]. In tailor-
ing an intervention, the strategies tend to be more patient centred. More than half of the inter-
ventions included in this review considered the individual patient’s circumstance(s) while
delivering the intervention; however, the extent of individualization varied. Each component
(educational, behavioural, affective or economic component) needs to be individualised, and
rendered more patient centred. Williams et al have also emphasised the need for ‘tailored inter-
ventions’ to promote medication adherence in patients with T2D [24].

The factors affecting adherence to anti-diabetic medications have been inconsistently re-
ported [87]. However, WHO has identified five factors that interact to influence patients' ad-
herence behaviour [5]. WHO patient-related, condition-related, and therapy-related factors
contributing to non-adherence were addressed by most of the interventions identified in this
review. The socio-economic factors were addressed by fewer interventions and hardly any cov-
ered the health-care system related factors. However, there was a growing trend in the later
years in incorporating socio-economic factors into the intervention designs. The impact of
socio-economic factors and health care system related factors on medication adherence has
been established particularly in cases of chronic diseases [81, 88], though their influences have
been found to be 'inconsistent' [5]. As the evidence increases, it is likely that more interventions
will include strategies to address socio-economic and health care system factors impacting ad-
herence, as was seen in the more recent interventions identified in this review.

Financial or economic factors could become a major issue for patients with chronic diseases.
Management of long term conditions such as diabetes and the consequences of poorly con-
trolled diabetes could have an astounding economic impact on the patient and on each country
globally [89, 90]. Although the magnitude of the impact is more likely to depend on the eco-
nomic status of the patients, reduced out of pocket expenses have been identified as a factor
that could improve medication adherence [91]. Only a few studies have looked into this aspect,
with three identified as part of this review. One evaluated the impact of US ‘Medicare Part D’
program on adherence, another assessed the impact of generic substitution in reducing costs,
and the third focused on the impact of a value based insurance program. Whereas the former
was successful in improving medication adherence to anti-diabetic medications, the latter two
were not. Nothing conclusive can be drawn about how cost impacts adherence from these stud-
ies. However, expenses in terms of medication taking, diabetes management, and the conse-
quences of not adhering to medications could have a staggering economic impact [90]. More
studies are therefore needed to explore the impact of a range of economic interventions. As
mentioned, health-care system related factors, including healthcare professionals, were the
least addressed WHO adherence factors in the interventions included in this review. Although
health care providers like nurses, pharmacists and sometimes clinicians were involved in deliv-
ering the intervention, whether they had sufficient training in the matters relating to patient
adherence behaviour was unknown. Their involvement could largely be observed as a supplier
of patient-related, therapy-related and condition-related information and have been classified
accordingly. Health care systems globally are intricate; effectively addressing health care system
during trials could pose practical difficulties, which could be a reason for the small number of
interventions addressing health care system related factors. However, as they cover quiet a sig-
nificant expanse in patients' overall health care behaviour, it is necessary that these factors be
explored and addressed effectively when designing future interventions for patients with T2D.
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In summary, while most of the interventions addressed multiple factors, none were able to
cover all five WHO factors. An ideal intervention would be one that explores and addresses all
interacting factors through a tailored strategy to bring about a change in patient medication ad-
herence [87]. However, nothing conclusive could be drawn from the studies included in this re-
view, as to the successful intervention, as the majority were found to address only one or two of
these interacting factors. The factors and the extent of their influence could vary between peo-
ple, and is likely to be addressed by tailoring of the intervention. Further research also needs to
focus on the 'extent' of the influence of the different factors. Ample consideration is needed in
terms of how such interacting factors could be effectively addressed and incorporated to im-
prove medication adherence.

Conclusion
Multifaceted interventions appear to be a more effective approach in improving medication ad-
herence and glycaemic target in patients with T2D than individual interventions, as they pro-
vide a range of strategies to address a number of factors that may impact an individuals'
adherence to their medications. Educational component formed the most widely used compo-
nent in the interventions, followed by behavioural and affective components. While education-
al components have remained popular throughout, affective components have become more
common in the later years. Nonetheless, it is extremely difficult to conclusively state which
strategies are more effective, because interventions with similar components have proved to be
successful in some studies and unsuccessful in others. Additionally the variation observed in
research designs, and methods of outcome assessments, together with differences in patient
characteristics prevented a detailed comparison of findings or a meta-analysis.

Patient-related, therapy-related and condition-related factors were addressed by most of the
interventions. Health care system related factors were least addressed. While 'social' factors are
increasingly being addressed, the focus on the 'economic' aspect is still lagging behind. In addi-
tion to effectively addressing all these factors, future research needs to focus on exploring the
extent to which such factors influence an individuals' medication taking behaviour throughout
the medication taking journey.

Overall, future research investigating development and evaluation of effective and sustain-
able adherence promoting interventions needs to include standardized methods and tools, and
prioritize the needs and therefore tailor interventions to the needs of individuals.

Limitations of the Review
The diverse nature of the studies included in the review presents an important limitation pre-
venting a detailed comparison of the interventions (and a meta-analysis). Moreover, studies in-
cluded were not selected based on their quality. The review was conducted with a broad
approach, and intended to include all studies addressing anti-diabetic medication adherence in
patients with T2D irrespective of their quality. The components of the interventions and their
categorization into the WHO factors for each study have been based only on the information
provided in the manuscripts. This could have had an influence on those classifications where
the interventions were not explained in sufficient detail. However, the authors have done their
best to ensure proper identification of intervention components using the
information provided.
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