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ABSTRACT

Treatment persistence (continuing to take
medication for the prescribed period) and
treatment adherence (complying with the pre-
scription in terms of drug schedules and dosage)
are both important when treating chronic dis-
eases such as type 2 diabetes (T2D). They can be
indicators of patient satisfaction with treat-
ment. In T2D, the achievement of optimal
outcomes requires both persistence with and
adherence to prescribed therapy. Poor persis-
tence with and adherence to T2D medication
can have profound consequences for the
patient, including non-achievement of gly-
caemic goals and an increased risk of long-term
complications and mortality. Therefore, poor
treatment persistence and adherence may also
have economic consequences, including
increased healthcare resource utilization and
healthcare costs. Treatment persistence and
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adherence are affected by several factors,
including the mode of administration, admin-
istration frequency/regimen complexity, and
patient expectations. The aims of this review are
as follows: to provide an overview of persistence
with and adherence to different antidiabetes
therapies for patients with T2D in the real-world
setting; examine factors contributing to poor
treatment persistence and adherence; and assess
available data on the impact of poor treatment
persistence and/or adherence on clinical and
economic outcomes. Numerous potential tar-
gets for improving treatment persistence and/or
adherence are identified, including developing
less complex treatment regimens with lower pill
burdens or less frequent injections, improving
the convenience of drug-delivery systems, such
as the use of insulin pen devices rather than the
conventional vial and syringe, and developing
therapies with an improved safety profile to
alleviate patient fears of adverse effects, such as
weight gain and risk of hypoglycaemia.
Funding: Sanofi.
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INTRODUCTION

When treating type 2 diabetes (T2D), as with
any chronic disease, the achievement of
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optimal therapeutic outcomes relies on both
treatment persistence and treatment adherence.
In real-world studies of patients with T2D, per-
sistence with and adherence to antidiabetes
therapies are defined and evaluated in many
different ways. Treatment persistence is the
continuation of therapy over time. It is often
measured by the availability of the drug,
expressed as the continuous filling of prescrip-
tions (e.g. as the percentage of patients still
obtaining the drug at 12 months) or alterna-
tively as “the duration of time from initiation to
discontinuation of therapy” [1]. Treatment
adherence is defined as “the extent to which a
patient acts in accordance with the prescribed
interval and dose of a dosing regimen” [1]. This
is based on the principle of conformity to a rule
enacted by others. Understanding the rule is not
necessary. In medical practice, this is under-
stood as strict compliance with prescriptions in
terms of schedules and dosages. Direct mea-
surement of treatment adherence is difficult
and is often expressed indirectly using refill
records as either the medication possession
ratio (MPR) or the proportion of days covered
(PDC). Although the exact formula used to cal-
culate MPR varies according to source, it may be
defined as the sum of the days’ supply for all fills
of a given drug in a particular time period
divided by the number of days in the time
period. Patients who routinely refill their med-
ications early will have an inflated MPR,
whereas population estimates of MPR may also
be falsely elevated unless individual adherence
is capped at 100%. PDC, in contrast, is a more
conservative measure of refill record-based
adherence [2]. Instead of adding the days’ sup-
plied in a given period, PDC considers only the
days that are “covered”. The use of treatment
adherence complements that of treatment per-
sistence by including the notion of a drug
amount necessary for the functioning of the
treatment. Measuring treatment adherence
from databases is complex, as compliance with
a dosing schedule cannot be assessed; compli-
ance with dosing is generally replaced with an
assessment of the availability of a sufficient
quantity of the drug to be able to comply with
dosing. Adherence is a qualitative tool in its
own right.

Pharmacological approaches to achieving
glycaemic control in patients with T2D usually
involve a sequential programme of treatment
intensification from monotherapy with oral
medication, dual and triple therapy with a
combination of oral therapies or oral plus
injectable agents, and combination
injectable therapy [3, 4]. Although persistence
with and adherence to T2D medications vary
according to the treatment modality, lack of
persistence and adherence in general act as a
substantial barrier to the achievement of gly-
caemic control. Persistence and adherence are
affected by several factors, including the mode
of administration, administration frequency/
regimen complexity, and patient expectations.
Regarding the mode of administration, persis-
tence and adherence are generally better for oral
medications compared with injected medica-
tions. However, persistence and adherence may
vary even among different oral antidiabetes
drugs (OADs) classes and for different insulin
regimens, indicating that factors other than
administration route are also important [5-8].
In the case of insulin regimen, for example, a
higher daily insulin dose and greater regimen
complexity may contribute to poorer treatment
adherence [7, 8]. Persistence and adherence are
also influenced by the frequency of adminis-
tration, with fewer daily insulin injections and
fixed-ratio combinations that reduce pill counts
having beneficial effects on adherence [5, 9].
Mashitani et al. [10] showed that patients with
T2D who take more injections are more likely to
omit insulin injections. Mashitani et al. [11]
also reported that the risk of lower adherence
compared with higher adherence increased as
the number of injections increased (relative risk
[RR] 0.98; 95% confidence interval [CI]
0.65-1.46). Fear of injections and adverse effects
such as hypoglycaemia and weight gain have all
been reported as reasons for nonadherence to
antihyperglycaemic medications [12-14]. They
also vary according to patient expectations,
such as the effects of medication on weight [15].
Although the simplification of regimens asso-
ciated with the use of premixed insulins can
have a positive effect on adherence, other fac-
tors concerning patient satisfaction may come
into play. Additionally, studies comparing
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premixed and basal insulin regimens have pro-
duced mixed results concerning the relative
reduction of glycated haemoglobin (HbAlc),
but most studies have shown an increased risk
of hypoglycaemic events and weight gain with
premixed insulin [16, 17], which may have a
negative impact on adherence and persistence.
The aims of this review article are to provide
an overview of persistence with and adherence
to different antidiabetes therapies in patients
with T2D in the real-world setting, to examine
factors contributing to poor treatment persis-
tence and adherence, and to assess available
data on the impact of poor treatment persis-
tence and/or adherence on clinical and health-
care utilization. This review is based on
previously conducted studies and does not
contain any studies with human participants or
animals performed by any of the authors.

LITERATURE SEARCH

A literature search was conducted in October
2015 using EMBASE and PubMed to identify
sources to inform this review article. The liter-
ature search was limited to English language
articles within the timeframe of November 2013
to October 2015. Although this timeframe
excluded older articles such as those relating to
adherence to sulfonylureas and, conversely,
selected for modern treatment options such as
glucagon-like peptide-1 receptor agonists (GLP-
1 RA), the intention was to review topical lit-
erature relating to persistence and adherence in
patients with T2D. However, when data were
limited, the publication timeframe criterion was
expanded. A reviewer screened the abstracts for
inclusion in a full text review and then screened
full text references to identify any additional
publications with relevant information for
inclusion in the targeted literature review, and
hence in this review article. The literature
search was complemented in February 2018 by
internet searches performed by hand, which
included literature published between Novem-
ber 2015 and December 2017.

PERSISTENCE WITH
AND ADHERENCE
TO ANTIDIABETES THERAPIES

Oral Antidiabetes Drugs

Patients with T2D are generally more persistent
with their treatment if they are treated with
OADs compared with injectable agents. A ret-
rospective study in the US followed a large
cohort (N = 51,771) of patients with T2D who
were uncontrolled on 2 OADs and who added
either a third OAD or an injectable agent (a
GLP-1 RA or insulin) [18]. During the 2-year
follow-up period, treatment persistence (de-
fined as the percentage of patients remaining on
the index drug treatment until the end of year 1
and year 2 of follow-up) was higher for patients
with T2D who initiated a third OAD (72%) than
for those who initiated either a GLP-1 RA (36%)
or insulin (57%). However, it was noted that
higher treatment persistence among patients
adding a third OAD did not translate into better
glycaemic control in this patient group. Addi-
tionally, annual all-cause healthcare costs
declined in the group who added insulin but
increased in the other groups.

Compared with insulin and OADs that have
an insulin-dependent mechanism of action
such as sulfonylureas and meglitinides, the risk
of hypoglycaemia is relatively small with met-
formin, thiazolidinediones, and dipeptidyl
peptidase-4 (DPP-4) inhibitors [19]. Together
with weight gain and gastrointestinal side
effects, hypoglycaemia is an important attribute
for patients in their OAD preferences [20].
Unsurprisingly, therefore, hypoglycaemia is
associated with a higher risk of treatment dis-
continuation in patients with T2D [19]. Studies
have also shown that patients with recent
hypoglycaemia, or those who experience mod-
erate or worse symptoms of hypoglycaemia, are
more likely to have poor treatment adherence
compared to patients with less recent or no
prior hypoglycaemia, or those with mild hypo-
glycaemia symptoms [21, 22].

Among patients with T2D who initiate a
fixed-dose combination of DPP-4 inhibitor plus
metformin following switch from dual therapy,
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the resulting improvements in glycaemic con-
trol and/or reductions in gastrointestinal side
effects are speculated as being related to
improved adherence post-switch [23, 24]. Other
factors associated with adherence to oral medi-
cations include family support among children
and adolescents with T2D [25], and self-efficacy
and perceptions of illness among adults with
T2D [26].

Basal Insulin

Treatment nonadherence and poor treatment
persistence are important barriers to overcome
for the achievement and maintenance of gly-
caemic control in patients with diabetes once
insulin treatment is initiated. Reported rates of
adherence to insulin vary from 30% to 86%
depending on the patient population and the
measure of treatment adherence wused
[12, 14, 27]. Determining treatment persistence
and adherence is particularly difficult when
evaluating insulin. Insulin is prescribed in fixed
amounts, rather than in 1- or 3-month supplies,
as is common with oral therapies. A box of
injection pens contains 1500 units, and the
starting dose is often 10 wunits. Therefore,
although an initial prescription might last
150 days, patients often change their dose while
on treatment, making this unlikely. Without
information regarding a patient’s dose, treat-
ment persistence cannot be evaluated from
claims data. Treatment adherence suffers from
the same challenges because an evaluation of
adherence also requires information on the
intended dose.

Persistence with and adherence to initial
basal insulin have been shown to be relatively
high in insulin-naive patients with diabetes. A
recent French study evaluated treatment per-
sistence among 1969 insulin-naive patients
with T2D who initiated basal insulin (61.8%),
basal and fast-acting insulin (15.0%), or other
insulin regimens (23.2%) [28]. During the first
12 months after treatment initiation, 24.9% of
patients discontinued insulin therapy; however,
discontinuation was lower for basal insulin
(18.4%) and basal and fast-acting insulin
(17.7%) compared with other insulin regimens

(39.6%) [28]. Elderly (aged > 65 years) insulin-
naive patients with T2D initiating basal insulin
therapy in the US were also shown to have rel-
atively high rates of persistence with therapy at
12 months (> 50%) in the real-world setting
[29] and tended to be adherent to therapy
(> 60%), although treatment persistence and
treatment adherence are greatly influenced by
the type of insulin and delivery device used
[30].

Insulin pen devices have been shown to offer
improved treatment persistence and adherence
compared with traditional insulin vial-and-sy-
ringe delivery [14, 29, 30]. In a study of the
effects of insulin delivery systems in elderly
patients with T2D, it was found that patients
initiating insulin glargine using a pen device
were significantly more persistent (58.5% vs
50.8% at 12 months, respectively; P < 0.0001)
and adherent (adjusted MPR > 0.08; 71.5% vs
63.1%, respectively; P < 0.0001) than patients
who initiated treatment using vial-and-syringe
delivery [29].

Another study followed three propensity-
matched cohorts of elderly patients with T2D
who were either insulin naive, initiating insulin
glargine with a pen device or with vial and
syringe, or were already administering insulin
glargine by vial and syringe [30]. At the 1-year
follow-up, pen initiators were significantly
more persistent than vial initiators (58.2% vs
50.8%, respectively; P < 0.0001) and were sig-
nificantly more adherent (adjusted MPR 0.69 vs
0.64, respectively; P < 0.0001). Pen initiators
were also significantly more persistent and
adherent than patients who continued to use
the vial and syringe.

A systematic review of factors affecting real-
world treatment adherence in patients with
type 1 diabetes (T1D) or T2D also identified
several studies showing significantly better
treatment adherence among pen users com-
pared with vial-and-syringe users, both for
patients initiating insulin therapy and for
patients switching from vial-and-syringe deliv-
ery to a pen device [14].

In a US propensity-matched cohort analysis
of data from a managed-care claims database,
significantly more patients with T2D initiating
insulin therapy with insulin glargine compared
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with insulin detemir (both administered via
disposable pen) persisted with therapy during
the 1-year follow-up period (64.8% vs 50.9%,
respectively; P < 0.0001) [31]. Treatment
adherence was also significantly higher during
follow-up in the insulin glargine cohort than in
the insulin detemir cohort (MPR 0.48 vs 0.44,
respectively, P < 0.0049; adjusted MPR 0.70 vs
0.63, respectively; P < 0.0001).

A US analysis of two large administrative
claims databases investigated the effect of
switching between insulin glargine and insulin
detemir on clinical and economic outcomes in
patients with T2D [32]. During the 1-year fol-
low-up period, patients who were previously
treated with insulin glargine and who switched
to insulin detemir had significantly lower
treatment persistence and adherence than
patients who remained on insulin glargine.
Furthermore, 33-40% of patients in the insulin
glargine group restarted insulin glargine. Con-
versely, patients who were previously treated
with insulin detemir and who switched to
insulin glargine had numerically (but not sig-
nificantly) higher treatment persistence and
adherence than patients who remained on
insulin detemir. Although this study did not
evaluate dose frequency, insulin detemir is
more likely to be administered twice daily
compared to insulin glargine, and the authors
also noted a higher rate of use of rapid-acting
insulins among patients who switched to insu-
lin detemir [32]. Both of these factors might
potentially explain the lower persistence and
adherence rates associated with switching to
insulin detemir.

In two German studies, insulin glargine was
associated with significantly higher treatment
persistence than insulin detemir and neutral
protamine Hagedorn (NPH) insulin in patients
with T2D [33, 34]. In patients treated with basal
insulin-supported oral therapy, 2-year treat-
ment persistence was 65, 53, and 59% with
insulin glargine, insulin detemir, and NPH
insulin, respectively (P < 0.001) [33]. In the
second study, very similar results were obtained
for patients treated with a combination of basal
insulin and OADs; 65, 53, and 59% of patients
treated with insulin glargine 100 units/mL,
insulin detemir, and NPH insulin, respectively,

persisted with the initially prescribed therapy
for over 2 years (P < 0.001) [34].

Combination/Multi-injection Therapy

T2D is a progressive disease for which treatment
aims to not only achieve and maintain accept-
able glycaemic control but also prevent com-
plications. Therapy therefore frequently
includes medications for comorbid disorders
such as hypertension and dyslipidaemia,
whereas the progression of T2D itself is associ-
ated with the use of combination OADs and
injectable  treatments  administered  as
monotherapy or as part of increasingly complex
multi-injection regimens [35, 36]. As the com-
plexity of the medication regimen increases
over time, so too does the burden to the patient,
and with it an increased risk of poor treatment
persistence and adherence. The nature of this
burden is multifactorial and differs for the
individual patient, but could relate for example
to the number of prescribed agents and dosing
frequency, side effects, medication costs, and
injection concerns [14, 37].

A prospective survey study in Germany
showed that a high pill count in antidiabetes
therapy constitutes a large burden for patients
with T2D, and indicated that physicians prefer
to prescribe fixed-dose combinations to reduce
their patients’ pill burden [38]. Furthermore, a
US claims database study found that patients
with T2D using a fixed-dose combination of
OADs had 21% lower odds of nonpersistence
and 28% higher odds of adherence compared
with those using non-fixed-dose combination
therapy [23]. A US database analysis by Sussman
et al. [39] suggested that treatment persistence
may be lower in patients with T2D who initiate
the components of non-fixed-dose combination
therapy sequentially compared with those who
initiate the components concurrently.

Fear and anxiety related to injections—and
more specifically, fear of insulin therapy—have
also been reported as a barrier to treatment
persistence and adherence [14, 40]. The ques-
tionnaire-based DAWN2™ study of patients
with T1D or T2D revealed that fear of hypo-
glycaemia is a major concern for patients, with
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55.5% of patients overall reporting that they are
“very worried about the risk of hypoglycaemia”
[40] and 42% of insulin-treated T2D patients
reporting experiencing hypoglycaemia several
times a month [41]. Although a Spanish study
suggests that dosing irregularities are less
prevalent overall in Spain than in other Euro-
pean countries, fear of nocturnal hypogly-
caemia was reported by 24% of patients, and a
reduction in the risk of hypoglycaemia was
reported as the main reason for the last time
that patients intentionally missed, mistimed, or
reduced a basal insulin dose by 91, 67, and 60%
of patients, respectively [42]. A multinational
study (China, France, Germany, Japan, Spain,
Turkey, the UK, and the US) found that fear of
weight gain was an additional factor reported by
patients with T2D for insulin omission/treat-
ment nonadherence [43]. When 530 insulin-
treated patients included in the study were
asked to select their top three reasons for being
nonadherent, the following were all reported:
being too busy (18.9%), travelling (16.2%),
skipped meal (15.0%), stress or emotional
problems (11.7%), embarrassment of injecting
in public (9.7%), the challenge of injecting at
the same time every day (9.4%), forgot (7.4%),
too many injections (6.0%), avoidance of
weight gain (4.0%), regimen was too compli-
cated (3.8%), and injections were too painful
(2.6%) [43].

Insulin-injection frequency has been shown
to be inversely related to treatment persistence
and adherence. A study in the US suggested a
possible influence of insulin-injection fre-
quency on treatment persistence [44]. Initiating
insulin with once-daily insulin glargine rather
than a twice-daily premixed insulin analogue
was associated with increased treatment persis-
tence  (55.9% vs  45.4%, respectively;
P < 0.0001), whereas treatment adherence was
similar between groups (adjusted MPR 0.66 vs
0.64, respectively; P = 0.19) [44]. In a UK study,
treatment adherence was significantly higher
for patients with T2D requiring only 1 injection
per day compared with patients requiring 4
injections per day (78.3% vs 60.8%, respec-
tively; P < 0.0001) [45]. Furthermore, in a
review of mostly US studies (13 of 17), rigidity
of treatment regimen was a factor identified as a

patient-perceived barrier to treatment adher-
ence [14].

A database analysis conducted across 6
European countries (Belgium, France, Germany,
the Netherlands, Sweden, and the UK) exam-
ined real-world treatment patterns in patients
with T2D initiating GLP-1 RAs [46]. At 1 year,
among patients initiating exenatide, treatment
modification (including discontinuation, up- or
down-titration, and switching therapy) was
higher for patients initiating a twice-daily regi-
men (84.1-93.8% across countries) than for
those initiating once-weekly  exenatide
(53.3-73.4%). Across countries, although treat-
ment patterns varied per country and according
to the specific GLP-1 RA prescribed, treatment
persistence (continuation of the index therapy)
at 1 year was generally highest among patients
initiating a once-weekly regimen, followed by a
once-daily regimen, and then a twice-daily
regimen. Other real-world data similarly show
improved persistence and adherence among
patients who were administered once-weekly
exenatide compared to once-daily liraglutide
(47, 48].

IMPACT OF TREATMENT
PERSISTENCE ON CLINICAL
AND ECONOMIC OUTCOMES

Lack of treatment persistence is associated with
a lower likelihood of achieving the target
HbAlc concentration and maintaining gly-
caemic control. In a large US study includ-
ing > 56,000 veterans with T2D, patients
reported as having good treatment persistence
with OADs over the 12 months following
treatment initiation were more likely than
nonpersisting patients to achieve the HbAlc
goal of <7.0% (RR 1.07; 95% CI 1.06-1.09)
(49].

A pooled analysis of data from 3 US-based
retrospective studies in patients with T2D who
had previously been treated with OADs and
who were initiated on basal insulin analogues
(insulin glargine or insulin detemir) evaluated
the consequences of treatment persistence/
nonpersistence over a 1-year follow-up period
[50]. Patients who were persistent with
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treatment compared with nonpersistent
patients had significantly lower average HbAlc
levels at 1 year (8.26% vs 8.46%, respectively;
P =0.0260) and significantly greater average
HbAlc reductions (— 1.15% vs — 0.86%,
respectively; P = 0.0078), with no significant
difference in hypoglycaemic events. Higher
insulin treatment persistence was also associ-
ated with lower healthcare utilization [50].
Given these beneficial outcomes of treatment
persistence, it does raise the question as to
whether uncontrolled hyperglycaemia is part of
a feedback loop involving not only persistence
but also clinical inertia. Thus, intensifying
treatment to improve glycaemic control might
lead to improved persistence.

Treatment persistence in T2D is associated
with decreased healthcare utilization and costs.
In a US study, acute care (hospitalization and
emergency department [ED]) costs were shown
to be 9.6% higher among patients with T2D
who discontinued insulin therapy (basal or
mixture) early compared with patients who
persisted with treatment beyond the first
90 days (P <0.001) [51]. A German study
reported that persisting on basal insulin glar-
gine beyond the first 90 days, compared with
switching insulins, was associated with signifi-
cantly lower diabetes-related prescription costs
(74EUR less) (P = 0.0780) [52].

Lack of treatment persistence with antidia-
betes therapy is also linked to a higher likeli-
hood of morbidity, mortality, and poorer health
status [53].

IMPACT OF TREATMENT
ADHERENCE ON CLINICAL
AND ECONOMIC OUTCOMES

Medication adherence has also been shown to
be associated with improved glycaemic control
in patients with T2D. A retrospective cohort
study in the US showed that patients with T2D
who were considered adherent to a GLP-1 RA
(PDC > 0.80) had a significantly greater reduc-
tion in HbAlc than nonadherent patients and
were more likely to have a reduction in HbAlc
of > 1.0% [54]. Conversely, poor adherence to
antidiabetes therapy is associated with failure to

achieve HbAlc targets in the real-world setting.
Using the four-item Morisky Medication
Adherence Scale (a validated instrument for
which higher scores indicate poorer adherence),
patients who self-reported that they forgot to
take medications at baseline were shown to
have an absolute HbAlc increase of 0.43% after
6 months of treatment with insulin and/or
OADs [55]. In another study, a one-point
increase in the eight-item Morisky Medication
Adherence Scale was found to be associated
with a 0.21% increase in HbA1c in patients with
T2D using basal insulin analogues [56].

Poor medication adherence has been identi-
fied as a key reason why the effectiveness of
antidiabetes therapy in the real-world setting is
substantially less than the efficacy reported in
randomized controlled clinical trials (RCTs)
[57]. In an analysis of real-world data from
patients with T2D initiating treatment with a
GLP-1 RA (n=221) or a DPP-4 inhibitor
(n = 652), significantly smaller reductions in
HbA1c were reported at 1 year in the real-world
setting than had been reported in RCTs after the
same period for both GLP-1 RAs (— 0.52% vs
— 1.30%, respectively; P <0.01) and DPP-4
inhibitors (— 0.51% vs — 0.68%, respectively;
P =0.01) [57]. The authors attributed approxi-
mately three-quarters of these gaps to patient
treatment adherence rates, which were 29%
with GLP-1 RAs and 37% with DPP-4 inhibitors
in the real-world analysis, compared with 95%
for both drug classes in the RCTs. The study
underscored the urgent need to effectively
improve treatment adherence among patients
with T2D in the real world. Additionally, it
alludes to the impact of the route of adminis-
tration on treatment adherence.

Hyperglycaemia and long-term complica-
tions of T2D are associated with poor adherence
to antidiabetes medications and have important
clinical consequences for the patient [58]. A
narrative review of studies published in English
and Spanish identified several studies linking
poor adherence to T2D therapies with increased
risks of morbidity and premature mortality [58].

A large UK study of almost 16,000 patients
with T2D who were treated with a combination
of OADs and insulin found that after adjust-
ment for confounding factors, medication
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nonadherence was independently associated
with increased all-cause mortality (hazard ratio
1.579; 95% CI 1.167-2.135) [35].

A systematic review by Banerji et al. [59]
investigating the impact of glycaemic control
and medication treatment adherence on clini-
cal and economic outcomes in patients with
T2D confirmed the wealth of data linking poor
medication treatment adherence to increased
medical resource utilization and healthcare
costs.

A 2005 analysis of the impact of medication
treatment adherence in diabetes on healthcare
costs, within a large population-based sample of
patients aged < 65 years, estimated that a 20%
increase in medication adherence, while
increasing the average drug-utilization costs by
177 USD per patient per year, would result in a
disease-related medical-cost reduction of 1251
USD per patient per year [60]. This would result
in a net saving of 1074 USD per patient per year
[60].

Real-world studies in the US have shown that
total healthcare expenditures for patients with
T2D who utilized insulin pens decreased with
improvements in adherence. Significant
decreases in ED visits (odds ratio [OR] 0.44; 95%
CI0.21-0.92; P < 0.05) and physician visits (OR
0.39; 95% CI 0.24-0.64; P < 0.05) have been
reported after conversion from vial and syringe
to pen administration of insulin therapy. These
are associated with total mean all-cause treat-
ment costs reductions of 1590 USD per patient
per year [61]. Additionally, a large study of
23,362 patients with T2D who used an insulin
pen found that the average per patient per year
healthcare expenditure was 9.4% lower for
patients in the most adherent (MPR 0.81-1.00)
compared with the least adherent (MPR
0.00-0.20) groups (23,839 USD vs 26,310 USD,
respectively; P = 0.007) [62].

Other US analyses investigating the eco-
nomic consequences of treatment nonadher-
ence have shown increased resource utilization
and healthcare costs associated with poor
adherence. DiBonaventura et al. [56] found
that, for patients with T2D using basal insulin
analogues, each one-point increase in treatment
nonadherence on the eight-item Morisky Med-
ication Adherence Scale was associated with a

4.6, 20.4, and 20.9% increase in the number of
physician visits, ED visits, and hospitalizations,
respectively. Encinosa et al. [63] reported that,
in non-elderly patients with T2D, an increase in
treatment adherence to OADs from 50% to
100% resulted in a 23.3% reduction in the rate
of hospitalization and a 46.2% reduction in ED
visits, leading to cost savings of 866 USD per
patient and a cost offset of 1.14 USD for every
1.00 USD spent on diabetic drugs.

Other studies have explored the potential
impact of treatment adherence on diabetes
complications. A retrospective database analysis
of new OAD users found that good adherence
(defined as MPR > 0.8) was associated with sig-
nificantly reduced risk of a new microvascular
or macrovascular diabetes complication (ad-
justed hazard ratio 0.96; 95% CI 0.92-1.00;
P =0.05) [64]. Initial adherence appears to be
important, with another retrospective cohort
study observing that during the first 5 years of
OAD treatment, those who were initially non-
adherent to therapy were more likely to expe-
rience myocardial infarction, ischaemic stroke,
or death [65].

This review is limited by the inclusion of
studies that the authors regard as being most
pertinent to the central review objectives,
identified within a relatively short timeframe. It
is not a comprehensive review of the field, nor is
it a systematic review. One consequent limita-
tion is that no studies have been included
concerning the wuse of long-acting insulin
degludec. However, we know of no data sug-
gesting any difference between insulin glargine
300 units/mL and insulin degludec regarding
the quality of adherence to insulin therapy or
the rate of persistence. Because reimbursement
issues are very complex and differ widely
according to the country and healthcare sys-
tem, it has not been discussed here.

CONCLUSION

For patients with T2D, poor persistence with
and adherence to antidiabetes medications can
increase the risk of long-term complications,
leading to poorer health status and an increase
in healthcare resource utilization and costs. A
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clear unmet need remains in T2D for therapies
that improve treatment persistence and adher-
ence compared with currently available treat-
ments, thereby positively impacting clinical
and economic outcomes.

Several approaches to improving treatment
persistence and adherence have been suggested,
including: reducing treatment complexity (e.g.
using fixed-dose combination therapy that
decreases the frequency of administration
[24, 35], implantable therapies for drug deliv-
ery); developing medications with an improved
safety profile (e.g. lower risk of weight gain,
hypoglycaemia, gastrointestinal side effects
[20, 35]); enhancing educational initiatives; and
improving communication (e.g. telemedicine
approaches, including websites and electronic
records) [58]. In addition, the impact of treat-
ment persistence and adherence on disease
management must be stressed at the time of
treatment initiation [65].

Lack of treatment persistence and treatment
nonadherence are highly prevalent among
patients with T2D, and there is a global need to
address the complexity of antidiabetes therapy
and simplify treatment regimens. Fixed-ratio
combinations offer a prospective solution to
overcome barriers to injectable therapy and
treatment intensification, and they would
thereby increase treatment persistence and
adherence due to less complex regimens
requiring fewer daily injections.
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