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Abstract: Adherence to antihyperglycemic medications is often suboptimal in patients with 

type 2 diabetes, and this can contribute to poor glycemic control, increased hospitalization, and 

the development of diabetic complications. Reported adherence rates to antihyperglycemics 

vary widely among studies, and this may be related to differences in methodology for measuring 

adherence, patient populations, and other factors. Poor adherence may occur regardless of the 

specific regimen used and whether therapy is oral or injectable, and can be especially common in 

chronic, asymptomatic conditions, such as type 2 diabetes. More convenient drug-administration 

regimens and advances in formulations and delivery devices are among strategies shown to 

improve adherence to antihyperglycemic therapy, especially for injectable therapy. This is 

exemplified by technological developments made in the drug class of glucagon-like peptide 

1-receptor agonists, which are a focus of this narrative review. Dulaglutide, albiglutide, and 

prolonged-release exenatide have an extended duration of action and can be administered once 

weekly, whereas such agents as liraglutide require once-daily administration. The convenience of 

once-weekly versus once-daily administration is associated with better adherence in real-world 

studies involving this class of agent. Moreover, provision of a user-friendly delivery device 

has been shown to overcome initial resistance to injectable therapy among patients with type 2 

diabetes. This suggests that recent innovations in drug formulation (eg, ready-to-use formula-

tions) and delivery systems (eg, single-dose prefilled pens and hidden, ready-attached needles) 

may be instrumental in encouraging patient acceptance. For physicians who aim to improve 

their patients’ adherence to antihyperglycemic medications, it is thus important to consider the 

patient’s therapeutic experience (treatment frequency, drug formulation, delivery device). Better 

adherence, powered by recent technological advances in the delivery of glucagon-like peptide 

1-receptor agonists, may thus lead to improved clinical outcomes in type 2 diabetes.

Keywords: type 2 diabetes mellitus, adherence, compliance, glucagon-like peptide 1-receptor 

agonists

Plain-language summary
Patients with type 2 diabetes are usually prescribed medication to reduce their blood glucose 

levels (“antihyperglycemic medication”), but many do not take their medication as prescribed. 

This is known as poor adherence, and is associated with suboptimal control of blood glucose 

levels. Poor adherence also increases the risk that the patient will be hospitalized due to diabetes 

or that they will develop complications of diabetes, such as kidney disease. The aim of this review 

is to highlight new developments that make it easier for patients to take their antihyperglycemic 

medication as prescribed. We reviewed current research papers and found that involving the 
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patient in treatment decisions and improvements in drug side-effect 

profiles, frequency of administration, formulation, and delivery 

devices all help to reduce problems with adherence. Specifically, 

therapy that requires once-weekly rather than once-daily administra-

tion and prescription of medication that is available in a single-dose, 

ready-to-use pen device (eg, the glucagon-like peptide 1-receptor 

agonist dulaglutide) are likely to result in better patient adherence. 

By increasing adherence rates, medications with these features may 

help in controlling blood glucose levels and reducing the risk of 

hospitalization and complications of diabetes.

Introduction
Globally, an estimated 415 million adults aged 20–79 years 

have diabetes mellitus, and type 2 diabetes accounts for up 

to ~90% of cases in high-income countries.1 Approximately 

50% of patients with type 2 diabetes do not achieve adequate 

glycemic control, an outcome that is often related to poor 

adherence to medication.2,3 This suboptimal adherence is 

related in part to the chronic and typically asymptomatic 

nature of the condition.4 Poor adherence to antihyperglycemic 

medications can result not only in poor glycemic control but 

may also lead to increased hospitalization, diabetic compli-

cations, and health care resource use.5–8 It is thus important 

that we continue to develop strategies to improve adherence 

to antihyperglycemic treatments and glycemic control, such 

as providing more convenient drug-administration regimens, 

formulations, and delivery devices. One example of a success 

story in this area is the evolution of insulin-replacement 

options, including modified and concentrated insulins that 

mimic the action of natural insulin and are administered 

using more convenient devices.9–11 Such advances are also 

exemplified by evolution in the drug class of glucagon-like 

peptide (GLP) 1-receptor agonists. This narrative review 

examines the extent and clinical consequences of poor adher-

ence in type 2 diabetes and discusses strategies for improving 

adherence to antihyperglycemic medications, with a focus 

on GLP1-receptor agonists.

Literature reviewed
For the preparation of this narrative review, a comprehensive, 

Medical Subject Headings (MeSH) term-based search 

of the PubMed database was performed using the search 

terms “diabetes mellitus, type 2”[MeSH] AND “medication 

adherence”[MeSH]. The search was limited to publication 

dates from June 2005 to June 2016. A supplemental search 

was conducted focusing on GLP-1 receptor agonists 

(“diabetes mellitus, type 2”[MeSH] AND “medication 

adherence”[MeSH] AND “glucagon-like peptides”[MeSH]). 

All studies identified in the supplemental search were captured 

in the initial search. The initial search retrieved 460 papers, 

of which 65 were reviews. Additional relevant references 

were identified in the reference lists of these articles. Refer-

ences included in this pragmatic review of the literature were 

selected by the authors following a review of titles, abstracts, 

and/or full text.

Extent and clinical consequences of 
poor adherence
Defining and measuring adherence
A range of definitions has been used for adherence, compli-

ance, and persistence in the medical literature.4,12–15 While 

there is no clear consensus on the definitions of these terms, 

the World Health Organization (WHO) defines adherence 

to long-term therapy as “the extent to which a person’s 

behavior – taking medication, following a diet and/or execut-

ing lifestyle changes, corresponds with agreed recommenda-

tions from a health care provider”.4

The WHO also notes that the main distinction between 

adherence and compliance is that adherence requires the 

patient’s agreement to the recommendations, whereas 

compliance does not.4 Cramer et al have suggested that 

adherence and compliance are synonyms and may be 

defined as “the extent to which a patient acts in accor-

dance with the prescribed interval and dose of a dosing 

regimen”.13 In other words, patients are adherent to drug 

therapy when they conform to the recommendations made 

by the health care provider with respect to timing, dosage, 

and frequency of taking medication. These authors stated 

that persistence involves treatment continuation for the 

prescribed duration and may be defined as “the duration of 

time from initiation to discontinuation of therapy”.13 The 

definition of persistence can thus be operationalized by 

determining the start of treatment (or a time point during 

chronic therapy) to a point in time defined as the end of 

the observation period. However, Cramer et al also noted 

that clinical investigations have used different operational 

definitions of these terms, in some cases mixing the terms 

“adherence”, “compliance”, and “persistence” without 

adequate delineation.13

If changes in health outcomes are to be correctly 

attributed to the recommended regimen, it is important 

that adherence is accurately assessed.4 Although there is 

no “gold standard” for measuring adherence, a range of 

qualitative and quantitative strategies has been reported in 

the literature (Table 1).4,12,14,16–18 It is important to note that 

measures of adherence are heterogeneous, each providing 

different results. Therefore, results from adherence studies 
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may need to be interpreted with caution, taking account of 

the measure used, and it can be difficult to compare results 

among studies.

One of the most frequently used methods to 

measure adherence to antihyperglycemic medications is 

the medication-possession ratio (MPR), which is calculated 

as the number of days of medication supplied within a 

prescription-refill period divided by the number of days in 

the refill period (eg, days’ supply for each 3-month period 

divided by 90 days).12,16,19 MPR is usually determined using 

pharmacy-claim databases, and some studies have used 

derivations of MPR,12 such as the proportion of days covered 

(PDC; number of days during a specified time interval with 

drug on hand divided by the number of days in the specified 

time interval) (Table 1). Both MPR and PDC are usually 

reported as a value between 0 and 1, or multiplied by 100 

and reported as a percentage. Among the most frequently 

used self-report tools are the four- and eight-item versions 

of the Morisky Medication Adherence Scale (MMAS), 

which provide an adherence score by summing responses 

to MMAS items (yes = 0, no = 1; higher scores indicate 

better adherence)16 (Table 1). Thresholds defining “good” or 

“bad” adherence can also vary, and despite limited or lack 

of evidence to support them, are widely used.4 A commonly 

used threshold for “good” adherence (or simply adher-

ence) is when patients take at least 80% of their prescribed 

medication.4,14

Adherence to antihyperglycemic 
medication
According to the WHO, adherence to long-term therapy for 

chronic diseases in developed countries is only 50% on aver-

age and likely to be lower in developing countries.4 Data from 

a recent systematic review and meta-analysis of adherence 

to type 2 diabetes medication showed that adherence rates 

ranged widely: 38.5%–93.1%.16 The analysis included data 

from 27 studies that used validated adherence measures with 

a defined threshold for adherence. Of these 27 studies, nine 

used objective measures of adherence (MPR . or $80% in 

seven of these nine studies) and 18 used subjective measures 

(four- or eight-item MMAS-based criteria in 12 of these 

18 studies). Only six of the 27 studies reported adherence 

rates $80% among the study population.

Similar findings have been reported in other analyses, 

which also showed a wide range of suboptimal adherence 

rates to antihyperglycemic medications.14,17,20,21 These varia-

tions may be related to differences among studies in meth-

odology for measuring adherence, adherence thresholds, and 

patient populations.14 In addition, a retrospective analysis 

conducted in the US22 showed that there were discrepancies 

in glycemic control between real-world studies and clinical 

trials in patients with type 2 diabetes, which primarily 

resulted from poorer adherence in the real-world setting. 

Importantly, reduced adherence may occur regardless of 

the specific regimen used and whether therapy is oral or 

injectable.14,16,17,20,21

Reasons for poor adherence
An important consideration when discussing reasons for 

poor adherence is that in contrast to acute conditions, where 

the benefits of treatment may be immediately apparent and 

patients are inherently motivated to adhere to treatment, 

many chronic conditions, including type 2 diabetes, are often 

asymptomatic, and this may be a key factor contributing to 

poor adherence.4

Some factors contributing to poor adherence may be 

largely under the patient’s control, such as forgetfulness, 

other priorities, or a conscious decision to omit doses.15,23 

Table 1 Different types of qualitative and quantitative tools used to measure adherence to treatment

Qualitative (subjective) measures Quantitative (objective) measures

•	 Self-report using MMAS-4 or -8a

•	 Self-report using other standardized questionnaires or surveys, such as SDSCA or MARS
•	 Patient-reported subjective assessment of adherence (eg, in response to a simple, 

nonjudgmental question from the health care provider, such as “How often do you miss 
taking your medication?”)

•	 Provider-reported subjective assessment of adherence (eg, based on clinical response 
and/or laboratory results, such as HbA1c)

•	 Patient diaries or computerized logbooks
•	 Mobile phone real-time assessment

•	 MPRb (or variations of MPR, such as PDCc), 
usually assessed using pharmacy-claim databases 

•	 Pill counts
•	 electronic monitoring devices (eg, MeMS)
•	 Biochemical measurement using nontoxic 

biological marker
•	 Measurement of concentrations of a drug or its 

metabolite in blood or urine

Notes: aProvide an adherence score by summing responses (yes = 0, no = 1) to MMAS items; higher scores indicate better adherence.16 bNumber of days of medication 
supplied within prescription-refill period divided by number of days in refill period.16,19 cNumber of days with drug on hand divided by number of days in specified time interval.83 

Data from these studies.4,10,12,14,15,17,18 

Abbreviations: HbA1c, glycosylated hemoglobin; MARS, Medication Adherence Report Scale; MeMS, medication event-monitoring system; MMAS, Morisky Medication 
Adherence Scale; MPR, medication-possession ratio; PDC, proportion of days covered; SDSCA, Summary of Diabetes Self-Care Activities.
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Physicians can also adversely impact adherence by prescrib-

ing complex regimens15,17,23–25 and inadequately explaining the 

benefits and potential adverse events of treatment, not con-

sidering lifestyle or medication-cost issues, and having poor 

relationships with their patients.15,23 For example, a systematic 

review of 36 studies evaluating medication-taking behavior 

among patients with type 1 or 2 diabetes reported the follow-

ing barriers to adherence: regimen complexity (more than one 

antihyperglycemic medication, a requirement to split tablets 

or draw up insulin doses), dosing frequency greater than twice 

daily, and adverse effects or fear of them.17 In addition, the 

cost of medication or the risk of certain adverse events, such 

as weight gain or hypoglycemia, may be more important and 

have a greater impact on adherence to antihyperglycemic 

drugs in some individuals than in others.26

It is thus important that physicians discuss these issues 

with their patients and develop a patient-centered treatment 

plan to achieve optimal adherence to therapy and clinical 

outcomes.26 The importance of a patient-centered approach 

and shared decision-making was also highlighted in a large 

population-based study in patients with type 2 diabetes, most 

of whom (81%) were treated with oral antihyperglycemic 

medications without insulin.27 The study found a significant 

association between poor adherence and several modifiable 

factors related to medical care (eg, decision-making by the 

patient only, poor acceptability of medical recommenda-

tions, a need for medical support).27 Other factors associ-

ated with poor adherence included age ,45 years, financial 

difficulties, being professionally active, and lack of family or 

social support.27 Health care systems can also create barriers 

to adherence by limiting access to health care, having high 

drug-purchase or contribution costs and/or copayments, and 

changing or restricting the drugs that can be prescribed.15,23

Multiple factors related to physicians, patients, and 

health care systems can also lead to clinical inertia, which has 

been defined as the failure of health care providers to initiate 

or intensify therapy when indicated.28,29 Although a full dis-

cussion of the topic is outside the scope of the current review, 

clinical inertia may contribute to suboptimal glycemic control 

for long periods of time in patients with type 2 diabetes.28,29 

A patient-centered model of care, improved patient educa-

tion regarding the progressive nature of the disease, and 

reinforcement of the need for regular treatment reviews are 

among strategies to address clinical inertia.28

Clinical consequences of poor adherence
An overview of studies evaluating the clinical consequences of 

adherence or nonadherence to antihyperglycemic medication 

is presented in Table 2. Most were large, retrospective, 

population-based studies using medical and pharmacy claim-

based data for patients with type 2 diabetes, and adherence 

was assessed by MPR or PDC over a specified time period.

Glycemic control
Population-based studies have demonstrated that poor adher-

ence to oral antihyperglycemic medication is associated 

with higher glycosylated hemoglobin (HbA
1c

).30,31 A large 

(n =	 11,272) prospective study showed that glycemic 

control worsened over time (mean follow-up 5.4 years) in 

patients with poor adherence to oral antihyperglycemics 

and/or insulin.19 After adjustment for baseline HbA
1c

, 

demographic characteristics, and medical and psychiatric 

comorbidities, the linear mixed model showed a statisti-

cally significant reduction in HbA
1c

 of 0.24% (95% CI 

0.27%–0.21%, P,0.001) for each 10% increase in MPR. 

Another population-based study showed that better adherence 

to insulin in patients with type 2 diabetes was associated with 

a reduced occurrence of hypoglycemia32 (Table 2).

Hospitalization and mortality
Poor adherence to oral antihyperglycemic, antihypertensive, 

and lipid-lowering drugs was significantly associated with 

increased risks for hospitalization and all-cause mortality 

in a population-based study that comprised 11,532 patients 

with unspecified diabetes.33 Patients receiving insulin were 

not excluded, but adherence was based on a summary PDC 

for filled prescriptions of oral antihyperglycemics, antihy-

pertensives, and statins. Multivariable analyses showed sig-

nificantly increased risks among poorly adherent patients for 

hospitalization (OR 1.58, 95% CI 1.38–1.81) and all-cause 

mortality (OR 1.81, 95% CI 1.46–2.23; P,0.001).

Several other large population-based studies have shown 

a relationship between good adherence to antihyperglycemic 

medications and reduced hospitalization rates or emergency-

room visits among patients with type 2 or unspecified 

diabetes7,34–37 (Table 2). For example, in the US, analysis 

of data from 13,428 patients with type 2 diabetes over a 

1-year follow-up showed that adherence to insulin (defined 

as sufficient refills for the entire quarter) and the use of a pen 

device (rather than vial and syringe) were each associated 

with reduced rates of hospitalization.7 The effect was most 

pronounced in adherent pen users versus nonadherent vial 

users, with the hospitalization rate being reduced by 0.36 per 

patient per year (P,0.01). Glycemic control was also better 

among adherent pen users, and total health care costs were 

not statistically different between groups.7 Although these 
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findings are of interest, in several countries vials and syringes 

are no longer used for insulin administration.

Renal complications
Poor adherence to oral antihyperglycemic drugs was associ-

ated with an increased risk of end-stage renal disease (ESRD) 

in patients with type 2 diabetes in a population-based study 

conducted in Taiwan8 (Table 2). The nationwide database 

identified 559,864 eligible patients with type 2 diabetes, 

including 1,695 patients with ESRD who had a mean 

follow-up period of 5.7 years. After adjustment for covari-

ates, patients who were poorly adherent had a higher risk of 

ESRD than those who were adherent to therapy (HR 1.11, 

95% CI 1.01–1.23), and effects of poor adherence on ESRD 

risk remained statistically significant across a wide range 

of subgroups, including patients without hypertension or 

chronic kidney disease.

impact on health care costs
Adherence and persistence to antihyperglycemic medica-

tions have also been associated with lower health care 

costs in patients with type 2 diabetes in large retrospective 

analyses.34,35,38 Adults35 or patients $65 years of age34 who 

were adherent to all antihyperglycemic drugs over a 3-year 

period (PDC $80%) had significantly (P,0.001) lower 

acute care35 and total health care costs34 when compared 

with nonadherent patients. Another analysis using data from 

1,321 patients with type 2 diabetes who received liraglutide 

showed that patients who persisted with liraglutide (ie, those 

who did not have a gap in therapy .90 days) had signifi-

cantly lower medical costs over 1 year than those who dis-

continued therapy.38 However, because of higher pharmacy 

costs, total health care costs were higher for adherent and 

persistent patients than for those who did not display these 

characteristics.38

Table 2 Clinical consequences of adherence or nonadherence to antihyperglycemic medications

Study Diabetic 
populationa

Overview of study 
design

Results

Glycemic control
Adams 
et al30

Type 2 Population-based study 
using claim-based data

More frequent refills of oral antihyperglycemics were associated with lower 
average HbA1c

Cobden 
et al32

Type 2b Population-based study 
using claim-based data

incidence of hypoglycemia ↓ almost two-thirds (P,0.05) among patients with an 
MPR $80%

egede 
et al19

Type 2 Large prospective 
longitudinal study (mean 
follow-up 5.4 years)

Glycemic control worsened over time in patients with poor adherence to oral 
antihyperglycemics and/or insulin. Conversely, there was a significant (P,0.001) 
reduction in HbA1c of 0.24% for every 10% ↑ in MPR

Pladevall 
et al23,31

Type not specified Population-based study 
using claim-based data

A 10% ↑ in nonadherence to metformin was associated with a 0.14% ↑ in HbA1c

Hospitalization and mortality
Ayyagari 
et al7

Type 2c Population-based study 
using claim-based data

Patients adherent to insulin had a significantly (P,0.001) lower predicted rate of 
hospitalization than those not adherent to insulin; insulin-pen use also significantly 
(P,0.001) ↓ predicted hospitalization vs syringe and vial use

Boye 
et al34

Type 2 ($65 years 
of age)

Population-based study 
using claim-based data

Adherence to all antihyperglycemic agents (assessed by PDC over 3 years) 
significantly (P,0.001) reduced the odds of hospitalization or eR visit, length of stay 
in hospital, and risk of an acute complication

Curtis 
et al35

Type 2 Population-based study 
using claim data

Adherence to all antihyperglycemic agents (assessed by PDC over 3 years) 
significantly (P,0.001) reduced the odds of hospitalization or eR visit, number of 
hospitalizations or eR visits, and length of stay in hospital

Ho 
et al33

Type not specified Population-based study 
using claim data

Rates of hospitalization and all-cause mortality were significantly (P,0.001) higher 
for poorly adherent vs adherent patients (based on a summary PDC for filled 
prescriptions of oral antihyperglycemics, antihypertensives, and statins)

Juarez 
et al36

Type not specified Population-based study 
using claim data

Adherence to antihyperglycemics (oral and/or insulin), lipid-lowering agents, and 
antihypertensives (assessed by PDC over 4 years) was associated with ↓ odds of 
hospitalization or eR visits by the third year

Nguyen 
et al37

Type 2d Population-based study 
using claim data

Adherence to GLP1-receptor agonist (assessed by PDC over 1 year) significantly 
(P,0.001) reduced the odds of hospitalization for any reason or related to diabetes

Renal complications
Chang 
et al8

Type 2 Population-based study 
using claim data

Nonadherence to oral antihyperglycemic medication (assessed by MPR over 
a mean follow-up of 5.7 years) was associated with ↑ risk of eSRD (HR 1.11, 
95% Ci 1.01–1.23) vs adherence

Notes: awhere reported, most studies used iCD-9-CM codes 250.xx to identify patients with diabetes; ball patients had switched from conventional insulin administration 
using a syringe and vial to a prefilled insulin pen; call patients were initiating insulin treatment; dall patients were initiating treatment with GLP1-receptor agonist.
Abbreviations: eR, emergency room; eSRD, end-stage renal disease; GLP1, glucagon-like peptide 1; HbA1c, glycosylated hemoglobin; MPR, medication-possession ratio; 
PDC, proportion of days covered.
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Strategies to improve adherence to 
antihyperglycemic medication
Frequency of administration
Although this review focuses on adherence to antihyperg-

lycemic medication, studies in other therapeutic areas that 

have shown a relationship between adherence and dosage 

frequency39–41 may be of relevance. In a systematic review of 

76 studies in which adherence to non-injectable drug therapy 

for various disorders, such as cardiovascular and respira-

tory diseases, was measured using an electronic monitoring 

device, an association between dose frequency and medica-

tion adherence was shown.39 Adherence rates were highest 

(79%) with once-daily regimens, declining to 69%, 65%, 

and 51% with two, three, or four daily doses, respectively 

(P,0.001 across dosage regimens). Once-weekly dosage 

administration was also associated with improved adher-

ence compared with once-daily administration, according to 

the findings of a preliminary review of seven head-to-head 

studies of patient-administered drugs (oral, transdermal, or 

subcutaneous) across different conditions.40 However, even 

intermittent therapy (ie, therapy administered less frequently 

than once daily) can be associated with suboptimal adher-

ence rates. For example, in a study showing better adherence 

rates with weekly versus daily oral bisphosphonate therapy 

for osteoporosis, less than half the patients receiving weekly 

therapy had an MPR $80%.41 This highlights the importance 

of patient perception of health status, in that asymptomatic 

patients with chronic conditions, such as osteoporosis or 

diabetes, generally perceive a lower risk of complications 

associated with poor adherence to medication than do symp-

tomatic patients.4

Also in the diabetes area, dosing frequency is an important 

consideration, given the recent introduction of once-weekly 

treatments for diabetes, and available data suggest that adher-

ence to antihyperglycemic medication may be enhanced 

by the introduction of less frequent dosing.40,42 Results of a 

large patient-preference survey of 1,516 adults with type 2 

diabetes showed that once-weekly injectable antihypergly-

cemic therapy was generally viewed positively (compared 

with daily medications), particularly among current injec-

tion users, because of greater convenience and improved 

quality of life.42

Pill burden and dosage formulations
Strategies that are likely to be successful in improving adher-

ence to antihyperglycemic medication include improved 

delivery systems for injectable medications,43–45 and for 

patients receiving oral therapy, use of fixed-dose combination 

therapy (FDCT), rather than coadministered dual therapy.46,47 

Perhaps surprisingly, Kirkman et al48 showed in an analysis 

of pharmacy-claim data for .200,000 patients with type 2 

diabetes that adherence (MPR $0.8) to noninsulin antihy-

perglycemic medications (oral therapy or GLP1-receptor 

agonists) was independently associated with higher total 

pill burden. In this study, total pill burden included all oral 

maintenance medication prescriptions filled, for diabetes and 

for other conditions, and was calculated by multiplying the 

average number of maintenance medications per month by 

the average number of oral maintenance pills per day.48

In contrast to the association between higher total pill 

burden and better adherence reported by Kirkman et al48 in 

their analysis of pharmacy-claim data for patients with type 2 

diabetes, studies in patients with other conditions have gener-

ally found the opposite (ie, reduced adherence with higher 

pill burden),49–51 and physicians typically strive to reduce pill 

burden in patients with diabetes.52 FDCT may help in this 

regard.47,53 Among patients with type 2 diabetes receiving 

oral therapy, FDCT was associated with better adherence 

than other oral antihyperglycemic therapies (monotherapy 

or coadministered dual oral therapy) in a retrospective cohort 

analysis.46 Median MPRs were 1.00 for FDCT, 0.89 for coad-

ministered dual therapy, and 0.73 for monotherapy. Using 

an MPR threshold $80% for adherence, 68.5%, 60.3%, 

and 43.9% of patients receiving the respective therapies 

were deemed adherent. Similar findings were reported in a 

meta-analysis of ten studies comparing adherence with oral 

FDCT and coadministered dual oral therapy in patients with 

type 2 diabetes.47 Overall, results showed that FDCT was 

associated with better adherence (measured by MPR) and 

glycemic control (measured by HbA
1c

) than coadministered 

dual oral therapy.

Advances in dosage-delivery systems, such as insulin-pen 

devices, can also improve adherence in patients receiving 

injectable therapy.43–45 Compared with the vial-and-syringe 

method of administration, which is no longer used for insulin 

administration in several countries, insulin pens are more 

accurate and convenient, less painful, and increase mealtime 

flexibility.43,45 They can also overcome barriers to the use of 

insulin associated with the vial-and-syringe approach, such 

as difficulty in transporting equipment, anxiety about self-

injection, fear of injection, lengthy training, and social embar-

rassment.45 Most studies evaluating adherence to insulin-pen 

devices have shown higher adherence rates after switching 

to a pen device from the vial-and-syringe method, and some 

have shown better clinical outcomes, such as reduced hypo-

glycemia, hospital visits, and physician visits.45
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Shared decision-making
One strategy that has potential to improve adherence to 

antihyperglycemic medication and is advocated by the 

American Diabetes Association and the European Associa-

tion for the Study of Diabetes54,55 is that of shared decision-

making: where a physician and patient make health-related 

decisions using a consultative process that considers not 

only the benefits and harms of therapy but also the patient’s 

values, preferences, and circumstances.56 Although to date 

shared decision-making has not been shown to significantly 

improve adherence to antihyperglycemic medications in 

patients with type 2 diabetes (in part because of small study 

size and limited statistical power),57 it has been shown to 

increase adherence and provide better clinical outcomes in 

other conditions, such as poorly controlled asthma.58

Other factors
Adherence to antihyperglycemic medication may also be 

enhanced by multifactorial behavioral and educational 

interventions,59 as well as patient- and physician-based factors.48 

For example, in the previously mentioned study by Kirkman 

et al,48 adherence to noninsulin antihyperglycemic medica-

tions was also independently associated with older age, male 

sex, higher education level, greater income, use of mail-order 

pharmacies (vs retail pharmacies), primary-care prescribers 

(vs non-endocrinology specialist prescribers), and lower 

copayments.

GLP1-receptor agonists: evolution to 
improve adherence
GLP1-receptor agonists improve glycemic control, promote 

weight loss, and have a low risk of hypoglycemia, except 

when used in combination with insulin or sulfonylureas.60 

Because all the available agents require subcutaneous injection 

(Table 3), adherence to GLP1-receptor-agonist therapy may 

be increased by the provision of drugs with more convenient 

dosing schedules, formulations, and injection devices. Indeed, 

GLP1-receptor agonists provide a good example of how tech-

nological advances may lead to increased adherence to antihy-

perglycemic medications in patients with type 2 diabetes.

Table 3 Comparative features of glucagon-like peptide 1-receptor agonists

Parameter Albiglutide 
(Eperzan)

Dulaglutide 
(Trulicity)

Exenatide 
(Byetta)

Exenatide 
(Bydureon)

Liraglutide 
(Victoza)

Lixisenatide 
(Lyxumia)

tmax
a 3–5 days 48 hours 2 hours NR 8–12 hours 1–3.5 hours

t½
a 5 days 4.5–4.7 days 2.4 hours NR 13 hours 3 hours

Time to steady 
statea

3–5 weeks 2–4 weeks NR 6–7 weeks NR NR

Administration 
frequencyb

Once weekly Once weekly Twice daily Once weekly Once daily Once daily

Delivery devices Single-dose dual 
chamber prefilled 
pens (30 mg, 
50 mg)

Single-dose prefilled 
pens (0.75 mg, 
1.5 mg)

Multidose 
prefilled pens 
(5 µg/dose, 
10 µg/dose)

Single-dose dual-
chamber pen containing 
powder (2 mg) and 
solvent for prolonged-
release suspension and 
single-dose prefilled pen 
for prolonged-release 
suspension (2 mg)

Multidose 
prefilled pen 
(device delivers 
0.6, 1.2, or 
1.8 mg/dose)

Multidose prefilled 
pens (10 µg/dose, 
20 µg/dose)c

Reconstitution 
required?

Yes No No Yesd No No

Need to attach 
needle to pen?

Yes No Yes Yes Yes Yes

Need to prime pen? No No Yes No Yes Yes
incidence of 
injection-site 
reactionse

15% (vs 7% with all 
comparators); led 
to discontinuation 
in 2% of patients, 
but reactions 
generally mild in 
intensity

1.9%; potential 
immunorelated 
injection-site 
reactions (rash, 
erythema) reported 
in 0.7% of patients 
and usually mild

5.1% in trials 
$16 weeks; 
reactions 
usually mild 
and usually did 
not result in 
discontinuation

16% (vs 2%–7% with 
comparators) over 
a 6-month period;f 
reactions generally mild 
and usually did not lead 
to discontinuation

2% in trials 
$26 weeks 
in duration; 
reactions 
usually mild

3.9% (vs 1.4% with 
placebo) in the main 
24-week period of 
clinical trials; most 
reactions mild and 
did not result in 
discontinuation

Notes: aApproximate values; ball GLP1-receptor agonists administered subcutaneously; calso available as a treatment-initiation pack containing both doses of multidose 
prefilled pens; dmixing of powder and solvent required to form prolonged-release suspension; erash, erythema, or itching; fsmall subcutaneous injection-site nodules were 
frequently observed in clinical trials (related to this specific dosage formulation of exenatide). Data from these studies.70–72,84–86 
Abbreviations: GLP1, glucagon-like peptide 1; NR, not reported; tmax, time to peak plasma concentration; t½, half-life.
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Frequency of administration
As the GLP1-receptor-agonist drug class has evolved, admin-

istration schedules have become more convenient in terms of 

dosing frequency. For example, when exenatide was intro-

duced, it required twice-daily dosing. However, development 

of an extended-release formulation means that once-weekly 

administration of exenatide is now possible using the new 

formulation. Other recently developed GLP1-receptor ago-

nists, such as dulaglutide and albiglutide, have an extended 

duration of action and can thus be administered once weekly. 

In contrast, agents like liraglutide and the shorter-acting drug 

lixisenatide still require once-daily dosing (Table 3).

A substantial body of data supports a relationship between 

reduced dosing frequency and improved adherence. In a ret-

rospective analysis using claim data from 3,623 patients with 

type 2 diabetes, once-daily liraglutide was associated with 

significantly better adherence than twice-daily exenatide.61 

The OR for poor adherence (MPR ,80%) with exenatide 

versus liraglutide was 1.33 (95% CI 1.16–1.53, P,0.0001). 

In another retrospective analysis that included data from 

11,961 patients with type 2 diabetes, once-daily liraglutide 

was associated with an MPR of 0.67 and a persistence rate 

of 47% at 12 months, results that were generally similar 

to those for several orally administered once-daily agents 

included in the evaluation (eg, dapagliflozin 5 mg MPR 0.67, 

persistence 40%; sitagliptin MPR 0.75, persistence 48%).62 

However, canagliflozin was associated with better adherence 

and persistence rates than all comparators in this study.

Patients with type 2 diabetes initiating GLP1-receptor-

agonist therapy were significantly (P,0.001) more likely 

to achieve an adherence rate of $80% (assessed by PDC) 

if treated with once-weekly exenatide than with more fre-

quently administered GLP1-receptor agonists, according 

to findings of a large retrospective cohort study using 

claim data from .22,000 patients.63 Similarly, a recent 

Internet-based discrete-choice experiment survey of 1,482 

injection-naïve patients with type 2 diabetes showed that a 

GLP1-receptor-agonist profile similar to that of once-weekly 

exenatide (single pen device) was preferred over once-daily 

liraglutide (OR 3.36, P,0.001) when efficacy was assumed 

to be equal.64 Other findings of the study revealed that the 

three most important attributes influencing preferences were 

adverse events, efficacy, and dosing frequency, whereas 

needle size, device size, and required preparation time were 

least important.64

An analysis of data from three Phase III randomized 

controlled trials comparing weekly albiglutide injections 

with daily oral antihyperglycemic medications for 1–3 years 

showed that overall adherence (assessed by pen/pill count 

at each visit and calculated as the total number of adminis-

tered doses divided by the total number of doses on the last 

completed visit) was high in all treatment groups, but was 

better with weekly albiglutide than with daily oral therapy.65 

The authors noted that adherence to therapy in controlled 

clinical trials is generally higher than in clinical practice, and 

that further studies are needed to confirm these findings in 

a real-world setting. Interestingly, reductions in HbA
1c

 with 

GLP1-receptor agonists or dipeptidyl peptidase 4 inhibi-

tors have been greater in randomized controlled trials than 

in a real-world setting (assessed by retrospective analysis 

of claim data), and regression analysis showed that poor 

adherence accounted for 75% of the difference for both 

drug classes.22

A real-world setting was used for a recent retrospective 

observational study that explored adherence in patients 

with type 2 diabetes who were receiving treatment with 

once-weekly dulaglutide, once-weekly exenatide, or once-

daily liraglutide.66 This study involved 2,415 patients per 

arm for the dulaglutide versus once-weekly exenatide 

comparison and 2,037 patients per arm for the dulaglutide 

versus liraglutide comparison. Propensity-score matching 

was used to adjust for any possible treatment-selection bias. 

After a 6-month follow-up period, adherence (PDC $80%) 

was 54% with dulaglutide compared with 38% with once-

weekly exenatide (P,0.0001); corresponding values 

for dulaglutide versus liraglutide were 54% versus 44%, 

respectively (P,0.0001). The proportion of patients who 

discontinued treatment within the 6-month follow-up was 

also significantly lower with dulaglutide than with once-

weekly exenatide (26% vs 48%, P,0.0001) or liraglutide 

(28% vs 36%, P,0.0001) and mean persistence (number of 

days on treatment) was significantly higher with dulaglutide 

than with once-weekly exenatide (148 vs 124, P,0.0001) 

or liraglutide (146 vs 137, P,0.0001). The superior adher-

ence, lower discontinuation rate, and higher persistence for 

dulaglutide versus once-weekly exenatide and liraglutide66 

and the superior adherence data for once-daily liraglutide 

versus twice-daily exenatide61 reported here are strengthened 

by the real-world nature of the data.

Frequency of injection (weekly vs daily) was identified 

as the most important feature among hypothetical GLP1-

receptor-agonist profiles in a patient-preference survey of 

184 injection-naïve patients with type 2 diabetes.67 The 

survey included a series of 10 questions regarding a pair of 

hypothetical GLP1-receptor agonists with equivalent efficacy 

and adverse events, but with different profiles otherwise. 

Preferences for all other GLP1-receptor-agonist attributes (eg, 

type of injection device) in this discrete-choice experiment 
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were dependent on frequency of injection (ie, the estimated 

preference parameter on the interaction between injec-

tion frequency and each treatment feature was statistically 

significant).

Efficacy, side effects, and dosage frequency were the 

most influential attributes of GLP1-receptor agonists in a UK 

discrete-choice experiment in 297 injection-naïve patients 

with type 2 diabetes.64 The study showed significant patient 

preference for a hypothetical weekly GLP1-receptor agonist 

over a once-daily agent (reflecting exenatide once weekly vs 

liraglutide once daily), and there were also preferences for a 

multiuse pen versus other devices and for no dosage titration 

versus titration. Also of interest are the findings of another 

discrete-choice experiment performed in the UK,68 which 

involved interviewing 243 injection-naïve patients with 

type 2 diabetes to assess preferences for various attributes 

of GLP1-receptor agonists (dosing frequency, change in 

HbA
1c

, change in weight, type of delivery system, frequency 

of nausea, frequency of hypoglycemia). Although the drug 

profiles were modeled on the attributes of dulaglutide and 

liraglutide, no product names were mentioned to the inter-

viewees. This study found that when differences in efficacy 

were small, the dosage frequency and delivery system 

were most important to these patients. Significantly more 

patients preferred the dulaglutide profile to the liraglutide 

profile (83.1% vs 16.9%, P,0.0001). Weight change and 

hypoglycemia comprised 5.9% and 3%, respectively, of 

calculated relative-importance values in this study,68 although 

corresponding relative-importance values for these events 

in a similar study with oral antihyperglycemic medication 

profiles were somewhat higher (20.6% and 24.7%).69 These 

differences may reflect a relatively greater importance that 

patients receiving injectable therapy place on dosage fre-

quency and delivery systems compared with patients receiv-

ing oral antihyperglycemics, with regard to changes in body 

weight and hypoglycemia.

Formulation and injection device
Advances in dosage formulation may also increase adherence 

to GLP1-receptor-agonist therapy. For example, there are 

important differences in reconstitution and preparation pro-

cedures prior to administration for the three GLP1-receptor 

agonists that are administered once weekly (Table 3). Abil-

glutide single-dose dual chamber prefilled pens must be 

twisted to mix the medication powder and solvent, then gently 

rocked from side to side five times, placed into a clean cup, 

and left for 15 minutes (30 mg dose) or 30 minutes (50 mg 

dose) to allow the medication powder to dissolve.70 Once-

weekly exenatide prefilled pens contain medication powder 

and solvent, which form a prolonged-release suspension 

when mixed.71 After twisting the knob of the pen to allow the 

components to mix, the pen must be tapped firmly against the 

palm of the hand and rotated every few taps until a uniformly 

cloudy suspension with no clumps is obtained. Dulaglutide 

single-dose prefilled pens come with the active drug already 

in solution, and are ready to use without the need for mix-

ing.72 The availability of dulaglutide as a ready-to-use drug 

in solution reflects formulation and bioengineering advances 

designed to overcome the issue of reconstitution.

Convenience is also a feature of new formulations of 

liraglutide and lixisenatide, which have been developed in 

fixed-dose combinations with basal insulin (insulin deglu-

dec and liraglutide; insulin glargine and lixisenatide).73 CT 

with a GLP1-receptor agonist and basal insulin is prov-

ing convenient, particularly in obese and insulin-resistant 

patients, who may experience weight gain and hypoglycemia 

in association with increased doses of insulin.73 Once-daily 

fixed-dose GLP1-receptor agonist/basal insulin CT allows 

administration of these two agents together in a way that 

could be more convenient for patients, potentially increasing 

their adherence.73 However, these fixed-dose combinations do 

not allow adjustment of the dosage of individual components, 

and further data are needed to assess whether they may pro-

vide a real adherence advantage versus separate administra-

tion of the GLP1-receptor agonist and basal insulin. Indeed, 

some patients could benefit more from a flexible combination 

that allows individual titration of insulin or GLP1-receptor 

agonist that cannot be achieved using FDCT.74

Other advances have also been made in GLP1-receptor 

agonist-delivery devices. For example, development of a 

device with a hidden, ready-attached needle (dulaglutide, 

Table 3) may be helpful for patients with a fear of needles. 

In addition, development of a subcutaneous implantable 

device with a duration of action of 6–12 months (exenatide) 

has been evaluated in clinical trials, and a new drug 

application has been submitted to the US Food and Drug 

Administration.

Although the studies reviewed in the previous subsection 

focused on frequency of administration of GLP1-receptor 

agonists, some findings also related to dosage formulation 

and injection device. For example, in the analysis of data from 

three Phase III trials, adherence was better with once-weekly 

injectable albiglutide than with oral antihyperglycemic 

therapy, even if the latter was given as a once-daily pill.65 

In addition, discrete-choice experiments designed to elicit 

patient preferences for features of GLP1-receptor agonists 

indicated that delivery by a multiuse pen64 and delivery 

system in general68 were important features. In the latter 
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study,68 prior to the discrete-choice experiment, similar 

proportions of participants stated that they would or would 

not be willing to take a diabetes medication that required 

an injection for each dose (38% vs 39%). However, after 

completing the discrete-choice experiment and viewing 

videos demonstrating use of the dulaglutide- and liraglutide-

delivery devices, significantly more participants indicated 

that they were willing to take the medication represented by 

the dulaglutide profile than the medication represented by the 

liraglutide profile (77% vs 31%, P,0.0001). These data 

suggest that reluctance to use injectable therapy may be 

overcome by use of a patient-friendly delivery device, and 

are supported by the results of a 4-week trial in which 211 

injection-naïve patients with type 2 diabetes evaluated the 

dulaglutide single-dose pen.75 In this study, the final injection-

success rate was 99.1%, and .96% of patients reported 

that the device was easy to use, they were satisfied with the 

device, and they would be willing to continue its use after 

the study. Overall, 53.3% of patients reported no pain from 

the injection, and there was a significant reduction from base-

line to week 4 in patients’ fear of self-injection (as assessed 

by a modified self-injecting subscale of the Diabetes Fear 

of Injecting and Self-Testing Questionnaire). Most patients 

favored not having to attach, touch, or see the needle (99%, 

98.6%, and 95.7%, respectively).

Patient-reported outcomes
Patient-reported outcomes, such as those related to treatment 

satisfaction, are also useful in the context of medication 

adherence. A positive association between treatment satis-

faction and adherence or compliance has been documented 

in a number of conditions, including diabetes.76 Both greater 

treatment satisfaction as a consequence of better adherence 

and better adherence as a consequence of greater treatment 

satisfaction have been reported.76 Studies with GLP1-receptor 

agonists are relevant in this context.

In a randomized open-label study with exenatide, 

treatment satisfaction (assessed by the Diabetes Treat-

ment Satisfaction Questionnaire – status [DTSQ-s]) and 

weight-related quality of life (Impact of Weight on Quality 

of Life – Lite) were significantly improved among patients 

with type 2 diabetes who were switched from twice-daily 

to once-weekly exenatide from weeks 30 to 52.77 In a series 

of randomized trials in patients with type 2 diabetes receiv-

ing dulaglutide primarily as add-on therapy, once-weekly 

dulaglutide was associated with improvements in treatment 

satisfaction (assessed by DTSQ-s and DTSQ – change 

[DTSQ-c]) and perceived hypoglycemia compared with 

placebo and exenatide twice daily at 26 and/or 52 weeks.78 

Additional findings showed significantly better scores in 

the Ability to Perform Physical Activities of Daily Living 

instrument (P,0.001), EQ-5D UK index (P=0.001) and 

the Adult Low Blood Sugar Survey (total score, P=0.003; 

worry subscale, P=0.003; behavior subscale, P=0.038) 

with dulaglutide 1.5 mg than with insulin glargine.79 A 

26-week randomized open-label trial showed greater treat-

ment satisfaction (assessed by the DTSQ) with once-daily 

liraglutide injections compared with once-daily oral sita-

gliptin (both as add on to metformin) in patients with type 2 

diabetes.80 Once-daily liraglutide was also associated with 

greater treatment satisfaction (assessed by the DTSQ-c and 

DTSQ-s) and greater perceived reductions in hypoglycemia 

and hyperglycemia than twice-daily exenatide in a similar 

study.81 Taken together, these results support the conclusion 

that less frequent dosage administration of GLP1-receptor 

agonists is associated with greater treatment satisfaction and 

improved quality of life, outcomes that may lead to increased 

adherence.76

A framework for the future
Targets for future research and an organizational framework 

for consideration of published adherence interventions in the 

area of nonadherence in type 2 diabetes have been proposed.82 

It is well recognized that potential barriers to adherence can 

be categorized as relating to the patient, social and economic 

issues, provider behavior, the condition/disease, therapy, 

and the health care system. However, although these factors 

are generally well-known predictors of nonadherence, their 

relationship with adherence is surprisingly weak, given the 

number of research articles in this area.82 In an attempt to shed 

light on the reasons that current strategies for reducing non-

adherence are largely ineffective, Blackburn et al proposed 

that future adherence interventions should be classified on the 

basis of the source, nature, and target of the intervention.82 

Other potential aids include telemedicine-assisted and group-

therapy-based interventions.87,88

Conclusion
In conclusion, adherence to antihyperglycemic medication 

among patients with type 2 diabetes is often suboptimal, 

and this can have important clinical consequences related to 

glycemic control, hospitalization, and diabetic complications. 

Along with a shared decision-making approach, strategies 

that help to improve adherence to antihyperglycemic drug 

therapy include better tolerability profiles, less frequent 

dosing, and advances in formulation and delivery device. 

GLP1-receptor agonists improve glycemic control, promote 

weight loss, and generally have a low risk of hypoglycemia, 
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but require subcutaneous administration. Evolution of the 

class of GLP1-receptor agonists, such as the development of 

dulaglutide, which offers once-weekly administration via a 

single-dose ready-to-use pen device, provides an example of 

how advances in drug technology can lead to better adherence 

and in turn may help to achieve better clinical outcomes.
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