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Abstract

Aims To identify real-world factors affecting adherence to insulin therapy in patients with Type 1 or Type 2 diabetes
mellitus.

Methods A literature search was conducted in PubMed and EMBASE in November 2011 to identify studies reporting
factors associated with adherence/non-adherence to insulin therapy in adults with Type 1 or Type 2 diabetes.

Results Seventeen studies were identified; six used self-reported measures and 11 used calculated measures of adherence.
Most (13/17) were conducted exclusively in the USA. Four categories of factors associated with non-adherence were
identified: predictive factors for non-adherence, patient-perceived barriers to adherence, type of delivery device and cost of
medication. For predictive factors and patient-perceived barriers, only age, female sex and travelling were associated with
non-adherence in more than one study. Fear of injections and embarrassment of injecting in public were also cited as
reasons for non-adherence. Conversely, adherence was improved by initiating therapy with, or switching to, a pen device
(in four studies), and by changing to an insurance scheme that lowered the financial burden on patients (in two studies).

Conclusions Adherence to insulin therapy is generally poor. Few factors or patient-perceived barriers were consistently
identified as predictive for non-adherence, although findings collectively suggest that a more flexible regimen may
improve adherence. Switching to a pen device and reducing patient co-payments appear to improve adherence. Further
real-world studies are warranted, especially in countries other than the USA, to identify factors associated with non-
adherence and enable development of strategies to improve adherence to insulin therapy.

Diabet. Med. 00, 1-13 (2013)

Introduction evidence that achieving good glycaemic control helps prevent

the development and progression of long-term micro- and
macrovascular complications of diabetes [5,6], many patients
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Insulin therapy is essential for patients with Type 1
diabetes mellitus and is ultimately required by over half of
patients with Type 2 diabetes mellitus if they are to achieve
good glycaemic control [1]. Indeed, guidelines issued by the
American Diabetes Association and the National Institute for
Health and Clinical Excellence (NICE) state that insulin is the
most effective glucose-lowering agent and that insulin ther-
apy is a key component of effective diabetes management
over the course of the disease [2-4]. Despite the strong
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do not achieve such control. The reported rates of achieving
target HbA . levels are 57—67% in the UK [7,8] and
47—51% in the USA [9,10]. A 5-year retrospective interna-
tional survey from 18 developing countries across Asia,
Eastern Europe and South America reported that only 25% of
patients with Type 1 diabetes mellitus and 36% of individ-
uals with Type 2 diabetes mellitus were able to obtain target
HbA . levels [11]. Given the increasing global prevalence of
diabetes expected over the next 20-30 years [12,13], early
and appropriate initiation of insulin therapy and high levels

of adherence to treatment appears to be an effective tool to
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prevent the development and progression of diabetes com-
plications and their negative high socio-economic impact.

Various reasons for reluctance to begin insulin therapy
have been identified in patients with Type 2 diabetes, which,
combined with prescriptive inertia, can delay treatment
initiation. Reasons for reluctance include: fear of hypoglyca-
emia, weight gain and injection therapy; feelings of personal
failure; concerns about being able to cope with the demands
of insulin regimens; and perceptions of loss of control over
one’s life [14,15]. Delayed initiation of insulin therapy will
result in poor glycaemic control for many years and
development of long-term complications [16]. The situation
can be aggravated by poor adherence once insulin therapy
has been initiated.

‘Adherence’ is an umbrella term describing the extent to
which a person’s behaviour (taking medication, following a
diet and/or executing lifestyle changes) corresponds with
agreed recommendations from a healthcare provider. The
World Health Organization (WHO) estimates that adherence
to long-term therapies for chronic illnesses is as low as 50%
in the developed world, and is far lower in less developed
countries [17]. A systematic review from 2004 reported that
adherence rates to insulin varied from 62 to 64% in patients
with Type 2 diabetes in developed countries [18]; under-
standing the reasons for non-adherence to insulin therapy is
therefore vital for improving treatment outcomes.

We conducted a systematic literature review to identify
real-world factors affecting adherence to insulin therapy in
patients with diabetes. By ‘real-world> we mean factors
affecting adherence encountered by the average patient using
insulin outside of a controlled clinical setting such as a
clinical trial or a hospital. The study aimed to understand the
reasons and choices involved in patients who are prescribed
insulin, yet decide not to take it as instructed, despite the
overwhelming evidence for the benefits of doing so.

Methods

Adherence was defined as the extent to which patients took
their medication as prescribed by their physician. Adherence
has two separate components: compliance and persistence
[19]. Compliance is the degree to which a patient correctly
follows medical advice (administering the right number of
injections each day or monitoring blood glucose accurately)
and persistence is a measure of the duration for which the
patient remains compliant. In this report, the term adher-
ence is used to encompass both compliance and persistence;
the terms compliance and persistence are used only when
they were specifically written in the primary references.
Established measures of adherence include the medication
possession ratio (MPR; the total number of days that
prescriptions are supplied for in the analysis period divided
by the total number of days in the analysis period) and the
proportion of days covered [PDC; the number of days
during the analysis period for which the patient is covered
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(i.e. has access to medication) divided by the total number
of days in the analysis period] [19]. Many studies use self-
administered questionnaires to obtain measures of adher-
ence; the methodology of these questionnaires can vary
enormously.

The review included publications assessing adherence to
insulin therapy and factors affecting adherence to insulin
therapy in patients over 18 years of age with Type 1 or
Type 2 diabetes mellitus. Studies not in English or without
an abstract were excluded, as were editorials, posters or
reviews. Retrospective, prospective, cohort and cross-sec-
tional designs were all included. Randomized controlled
trials were excluded because treatment is rigorously con-
trolled, administered and monitored in these studies. Rates
of non-adherence will therefore be much lower than in the
general population, and reasons for non-adherence will
likely be different from those in the general population who
self-administer treatment. Studies reporting calculated mea-
sures of adherence (e.g. medication possession ratio) and/or
patient-reported assessments that examined factors associ-
ated with adherence to insulin therapy were included. Only
studies reporting adherence to insulin were included; those
assessing both insulin and non-insulin therapies were used
only if the analysis was performed separately for insulin.
Studies involving hospitalized patients were excluded as
rates of, and reasons for, adherence are likely to be different
in a hospitalized setting, as were studies in patients using
insulin pumps that control insulin administration for the
patient.

We searched PubMed (http://www.ncbi.nlm.nih.gov/pub-
med/) and EMBASE (http://www.embase.com/) databases on
15 November 2011 using medical subject heading terms for
diabetes and medication adherence, as well as terms for
interventions for diabetes [e.g. insulin or oral hypoglycaemic
agent (OHA)]. The results of the searches were combined
and any duplicate references removed. No limit on year of
publication was applied. Complete search strings for Pub-
Med and EMBASE are presented in the Supporting Infor-
mation (Tables S1 and S2, respectively).

References identified from the searches were screened
initially according to study title. All accepted references were
then screened according to abstract and subsequently on the
basis of the full paper to judge inclusion suitability. The
bibliographies of all these selected papers were screened for
relevant references; no further relevant references were
identified. The full screening procedure was performed
independently by two separate analysts; screening of refer-
ences was not blinded. Disagreements between analysts were
resolved by consensus.

Data were extracted by one analyst using an extraction
table and a second analyst verified all extractions against the
original studies. Information extracted included: year of
publication, country, type of diabetes, age, gender, ethnicity,
duration of follow-up, type of insulin, adherence measure
used, definition of adherence, adherence rates, factors
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associated with adherence/non-adherence, and statistical
tests used to assess the association between factors and
adherence.

Study quality was assessed using a shortened version of the
Effective Public Health Practice Project (EPHPP) Quality
Assessment Tool for Quantitative Studies [20], employing
only the sections pertaining to selection bias, data collection
and withdrawals/dropouts. Other sections were not used as
they were tailored towards interventional, comparative study
designs and were not deemed relevant to many of the studies
included in this review. A global rating scale was therefore
not determined, but individual ratings for each section are
presented.

The review aimed to identify all relevant published studies
describing adherence to insulin therapy and risk factors for
poor adherence to insulin therapy, and report all relevant
data from these studies. Areas where information appears to
be lacking are attributable to incomplete collecting or
reporting in the original articles. The limited previous
research in this area meant that pre-definition of data for
extraction and analysis was not possible. The study aimed to
provide a narrative description of the data only. A meta-
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analysis was not planned, although it was intended to assess
whether conducting a meta-analysis on identified data may

be feasible.

Results

Search results

The searches returned 3769 articles after duplicates had been
removed, of which 3396 were excluded at the title screen
(Fig. 1). At the abstract screen, 276 references were
excluded; the main reasons for exclusion were that references
were not relevant, the investigation studied adherence only to
oral hypoglycaemic agents or assessed the effects of varying
adherence on factors such as metabolic control, interventions
introduced specifically to improve adherence or adherence to
diet/lifestyle rather than medication. Full papers were
retrieved for the remaining 97 references and 16 of these
were judged to meet the criteria for inclusion in the review.
The main reason for exclusion at the full-paper screen was
not reporting predictors of adherence for insulin alone (i.e.
adherence data were not specific for insulin). A further study

4726 references
identified through
database searching

One reference identified
from PubMed alert after
searches performed

| l

3770 references identified after duplicates
removed and screened based on titles

4>‘ Excluded (n = 3396)

v Excluded (n = 276)

374 references * Not relevant (75)
screened based .
on abstracts .

¥

» No abstract (16)

h 4 .

Review (6)
Case study (2)

98 references .
screened based .
on full papers .

Studies of oral hyperglycaemic agents only (57)

Assessed effects of adherence—e.g. on metabolic control (30)
+ Assessed interventions to improve adherence (29)

+ Assessed adherence to diet/lifestyle (21)

+ Studies involving children (18)

+ Assessed tools to measure adherence (13)
Randomized controlled trial (8)

Studies of other injectable anti-diabetic agents (1)

Excluded (n = 81)

v

17 articles + Model (1)
accepted .
for review * Review (1)

+ Predictors of adherence not reported for insulin alone (52)
+ Did not measure medication adherence (8)

» Patients receiving insulin were excluded from study (7)

+ Abstract only (no full paper) (6)

+ Assessed adherence to dental hygiene (3)

+ Study included children (2)

Randomized controlled trial (1)

FIGURE 1 Flow diagram of the screening process.
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was published after the searches were conducted; it was
identified by a PubMed alert, met the inclusion criteria and
was therefore included, bringing the total of accepted studies
to 17.

Table 1 summarizes the characteristics and key data from
the 17 relevant studies. Most studies (13/17) were conducted
exclusively in the USA; 10 of them only included patients
with Type 2 diabetes, one studied only patients with Type 1
diabetes, five involved patients with Type 1 or Type 2
diabetes and one study did not specify the diabetes type.
Six studies used self-reported measures of adherence and 11
used calculated measures of adherence, compliance or
persistence. Studies fell into four categories, assessing
predictive factors for adherence to insulin therapy (five
studies) [21-25], patient-perceived barriers to adherence
(four studies) [26-29], adherence following a change in type
of insulin or method of delivery (six studies) [30-35] and
adherence after a change in insurance scheme (two studies)
[36,37]. These categories were chosen based on the findings
of the research (i.e. they were not predefined) and are deemed
appropriate descriptions of the factors identified in the study.
Other than insurance type and delivery device, factors
affecting adherence fell into two categories. Factors that
predicted adherence (positively or negatively) and that were
independent of patients’ perceptions of therapy were termed
‘factors predictive of adherence to insulin therapy’. Factors
related to patients’ perceptions of insulin therapy were
termed ‘patient-perceived barriers to adherence’, as all
factors identified were negative for adherence. The term also
fits with other literature discussing barriers to insulin therapy
[15,38].

Predictive factors for adherence to insulin therapy

Five studies investigated predictive factors for adherence to
insulin therapy (Table 2) [21-25]. One was a large, retro-
spective database analysis involving nearly 700 000 patients
receiving either oral hypoglycaemic agents or insulin [21].
Results for the total study population (patients receiving
insulin or oral hypoglycaemic agents) showed that adherence
was lower in individuals who were single, older, female and
had lower HbA,. levels (Table 2). The authors stated that
results for the insulin-only group were similar to those for the
total study population, although statistical analysis was not
performed on this patient subgroup.

The other four studies used questionnaires and interviews
to assess factors predictive of non-adherence to insulin
therapy. In a study of 29 patients with Type 2 diabetes who
had recently switched from an oral hypoglycaemic agent to
insulin in Mexico, Lerman et al. showed that support from a
diabetic nurse specialist was a positive predictor for adher-
ence and that most non-adherent patients were women who
had previously been non-adherent to oral hypoglycaemic
agent therapy [22]. Peyrot et al. conducted an internet survey
of 502 patients with Type 1 or Type 2 diabetes in the USA

Real-world factors affecting adherence to insulin therapy in diabetes e M. J. Davies et al.

and reported that younger patients, students, patients with
the highest level of education, those with Type 2 diabetes,
patients with the lowest household incomes and individuals
with a higher injection frequency were all more likely to skip
injections than other people with diabetes [23]. Other factors
associated with intentional skipping of injections were:
planning days around injections, injections interfering with
daily activities, dissatisfaction with injection pain and
embarrassment about injections. A third study investigated
factors affecting adherence in black patients with diabetes in
Washington DC in 1989 [25]. Perceived self-efficacy (how
confident patients were about their ability to take medica-
tion) and age were strong positive predictors of adherence.
Further analysis revealed women were more likely to be
adherent if they perceived few barriers to taking their insulin
while the presence of barriers to taking insulin did not affect
adherence in men. The last study investigated the effect of
hypoglycaemia awareness on adherence in patients with
Type 1 diabetes. The authors reported that patients with
hypoglycaemia awareness were more likely to be adherent to
changes in regimens recommended by physicians than
individuals without awareness [24]. This study also found
adherence to be higher in patients with previous experience
of liaison psychiatry and cognitive behavioural therapy than
in those without this.

In summary, two studies identified female gender as a
predictor of non-adherence [21 22]. Age was identified as a
predictor in three studies, although two studies showed that
older patients were more adherent to insulin [23,25] and one
study showed that younger patients were more adherent [21].
These were the only predictive factors for adherence iden-
tified by more than one study.

Patient-perceived barriers to adherence

Four studies assessed patient-perceived barriers to adherence
(Table 2) [26-29]. Two involved patients with Type 2
diabetes and two investigated individuals with Type 1 or
Type 2 diabetes. Three were small studies, involving fewer
than 100 participants taking (or recently discontinuing)
insulin therapy [26-28], whereas the fourth enrolled
150—350 insulin-treated patients from eight different coun-
tries (1530 patients in total) [29].

Oliveria et al. reported that the most common reason for
patients discontinuing insulin therapy was a physician
advising against such therapy (Table 2) [28]. Other reasons
given were that patients used other methods to control
diabetes, believed that their diabetes was under control
without insulin therapy or did not like injections. Ary et al.
found that the most common reasons for non-adherence to
insulin therapy in patients with Type 2 diabetes were
challenging social conditions, such as a spouse not under-
standing the importance of diabetic control or that individ-
uals were in transit (e.g. in a car, plane or train) [26]. Other
reasons for non-adherence included being away from home,

© 2013 The Authors.
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Table 2 Predictive factors for non-adherence and patient-perceived barriers to adherence to insulin therapy

Reference Adherence (n) Factors affecting adherence/non-adherence

Predictive factors for adherence to insulin therapy
Egede et al., 2011 [21] Medication possession * Single status, female gender, older age and lower HbA . levels were
USA, ratio, 64.6—74.5%

Type 2 diabetes (690 968 patients) o

associated with non-adherence
Ethnicity, geographical location and various co-morbidities (including
cancer, depression and hypertension) were associated with adherence

Lerman et al., 2009 [22] 59% (self-reported) ® Having support from a diabetic nurse specialist was a positive predictor
Mexico (29 patients) of adherence (odds ratio 6.6; 95% CI 1.0-55.7; P = 0.02)
® Most non-adherent patients were women previously non-adherent to oral
hypoglycaemic agent therapy (P = 0.09)
® Depression was more common in non-adherent women (P = 0.05)

Peyrot et al., 2010 [23] 43% (self-reported) ® Patients significantly less likely to skip injections were: older respondents,

Type 2 diabetes (502 patients) those who were disabled, those with a higher household income and
those who followed a healthy diet (P < 0.02)

e Patients significantly more likely to skip injections were: students,
patients with Type 2 diabetes, individuals with the highest level of

education and those who needed more injections (P < 0.03)

Uzoma and Feldman 1989 [25] Not repqrted ® Adherence was significantly related to perceived self-efficacy (patients’
USA, ok (100 patients) confidence in their ability to take medication) and increasing age
Type of diabetes not reported (r = 0.42 and r = 0.34, respectively; both P < 0.001) in the total

study population

® For women, adherence was significantly associated with self-efficacy
(P < 0.01), perceived barriers to treatment, increasing age and
satisfaction with social support (all P < 0.05)

® In men, adherence was significantly associated with self-efficacy,
increasing age (both P < 0.001) and the number of people providing
social support (P < 0.05)

Smith et al., 2009 [24] Not reported ® Patients with hypoglycaemia awareness were more adherent to changes

UK, ) (50 patients) in regimens recommended by physicians vs. patients without

Type 1 diabetes hypoglycaemia awareness (87 vs. 54%; P = 0.046)

® Adherence was significantly higher in patients with previous
experience of liaison psychiatry (P = 0.022) and cognitive

behavioural therapy (P = 0.042) than those without this experience

Patient-perceived barriers to adherence to insulin therapy

Oliveria et al., 2007 [28] Not reported ® Reasons given for discontinuing insulin therapy: physician advised

USA, ) (34 patients) against insulin therapy (47.1%), use of other methods to control

Type 2 diabetes diabetes (17.7%), belief that diabetes was under control (11.8%)
and dislike of injections (11.8%)

Ary et al., 1986 [26] Not reported ® Reasons for non-adherence to insulin therapy: too busy (12%),
USA, (59 patients)

) forgetfulness (12%), negative physical reasons (12%), challenging
Type 2 diabetes

conditions and lack of support from others (37.5%), in transit (23%),
away from home (13%), eating out (10%), on a trip (10%)

Broadbent et al., 2011 [27] 86% of patients claimed e Adherent patients had lower perceived consequences of diabetes and a
New Zealand, . they iAo adherent ‘all higher perception of personal control compared with less adherent
Type 1 and Type 2 diabetes of the time’ ]

. patients (P < 0.05)
(78 patients)

Peyrot et alt, 2012 [29] 77% (selfjreported) ® The five most common reasons for non-adherence: too busy (19%),

Eight countries, (1530 patients) travelling (16%), skipped a meal (15%), stress or emotional

Type 1 and Type 2 diabetes problems (12%), embarrassing to inject in public (10%)

© 2013 The Authors.
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being too busy, forgetting, and eating out or being on a trip.
In a study of patients with Type 1 or Type 2 diabetes,
Broadbent et al. reported that adherent patients had signif-
icantly lower perceptions of the consequences of diabetes and
higher perceptions of personal control than non-adherent
patients [27]. The fourth study involved 1530 patients from
China, France, Germany, Japan, Spain, Turkey, the UK and
the USA, most of whom (88%) had Type 2 diabetes [29].
The five most common reasons given for non-adherence
were: too busy, travelling, skipped a meal, stress or
emotional problems and embarrassment about injecting in
public. Physicians reported the same factors as the five most
frequent reasons given by patients (although rankings of
these factors differed for patients and physicians).

There was little consistency in the factors identified in the
different studies as being patient-perceived barriers to
adherence. The only factor that was identified as a predictor
of non-adherence in more than one study was travelling
[26,29]. Some similar factors were identified between studies,
such as dislike of injections [28], embarrassment of injections
[29], challenging social conditions [26] and stress or
emotional problems [29]. There were no other similarities
between studies in the factors identified as being perceived
barriers to adherence.

Type of delivery device and type of insulin

Three studies compared adherence in patients initiating
insulin therapy with either a pen device or a vial/syringe
(Table 3) [31,32,34]. Two of these showed that adherence
(measured as either medication possession ratio or propor-
tion of days covered) was significantly higher in patients
beginning insulin therapy with a pen than with a vial/syringe
[31,32] and one showed no difference between groups [34].

Table 3 Adherence in patients initiating therapy with a vial/syringe or

Real-world factors affecting adherence to insulin therapy in diabetes e M. J. Davies et al.

Buysman et al. also showed that the discontinuation rate was
significantly lower among patients who had initiated therapy
with a pen instead of a vial/syringe [31].

Three studies investigated the effect on adherence to insulin
therapy of switching from using a vial/syringe to using a pen
device (Table 3). Two studies showed significant improve-
ments in medication possession ratio following switching to a
pen [30,33].The third study reported a significant decrease in
adherence following switching to a pen compared with
continuing to use a vial/syringe, but there was a significant
improvement in adherence to all medications following
switching [34]. A further study reported that adherence and
persistence were both higher in patients initiating therapy
with insulin glargine compared with insulin detemir (two
different long-acting basal insulin analogues) when both were
administered using a pen device [35].

Results from this category of studies were largely consis-
tent, and showed that patients were more likely to initiate,
and remain adherent to, insulin therapy if they were treated
with a pen device rather than a vial/syringe.

Type of insurance plan

Two studies, both conducted in the USA, assessed the effects
of changing the type of insurance plan on adherence. Both
studies showed improved adherence to insulin therapy after
changing from a traditional three-tier formulary to a value-
based insurance design (VBID), an insurance scheme in
which co-payments are reduced or even eliminated for highly
effective preventive medications [36,37]

The first showed that adherence to insulin therapy
improved over the first year in patients joining a value-based
insurance design and declined over the same period in those
who remained on the traditional formulary [36]. The

a pen device or switching from a vial/syringe to a pen device

Adherence with Adherence with

Reference and country Adherence measure (1) vial/syringe pen device P-value
Initiating insulin therapy
Buysman et al., 2011 [31] Medication possession ratio 38% 53% < 0.001
USA (1876)
Lee et al., 2011 [32] Proportion of days covered 45.2% 54.6% < 0.001
USA (4088)
Pawaskar et al., 2007 [34] Medication possession ratio 50% 53%
USA (1330)
Switching from a vial/syringe to a pen device
Baser et al., 2010 [30] Medication possession ratio 13%* 22% < 0.001
USA (1064)
Lee et al., 2006 [33] Medication possession ratio 62%P 69% < 0.01
USA (1156)
Pawaskar et al., 2007 [34] Medication possession 56%* 45% < 0.05
USA ratio (1120) 90%* 92% < 0.05
Insulin therapy
All medicationt
*Patients remaining using vial/syringe.
tAdherence before switching to a pen device.

© 2013 The Authors.
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initiation rate for insulin therapy was also significantly
higher at 1 year in the value-based insurance design group
than in the control group. In the second study, the entire
study population changed to a value-based insurance design
from a traditional formulary at baseline. Adherence to
insulin therapy was significantly higher at 1 and 2 years
compared with baseline [37]. However, the proportion of
patients classified as adherent (i.e. proportion of days
covered > 80%) remained at approximately 20% after
switching insurance plan. The results of both studies suggest
that adherence is improved when the financial burden to the
patient is reduced.

Study quality

Overall, the studies were judged as being of poor quality,
with 9/17 (53%) of the studies being rated as poor for at least
one category as measured using the Effective Public Health
Practice Project tool (see also Supporting Information, Table
S3). The most common reasons for being of poor quality
were that non-validated tools were used to assess adherence
and that the study used a volunteer population (rated as
weak for the selection bias section). Assessment of with-
drawals and dropouts was not appropriate for the majority
of studies as they were retrospective studies where inclusion
criteria stated that patients needed data available for the
duration of the study, or because they were surveys were
performed at a single time point.

Conclusions

This systematic review identified 17 studies that reported on
factors affecting adherence to insulin therapy. Self-reported
rates of adherence ranged from 43 to 86%, and mean
medication possession ratio was less than 80% in all studies
examining this measure, confirming that adherence to insulin
therapy is generally poor. Identified factors associated with
non-adherence fell into four categories: predictive factors for
non-adherence, patient-perceived barriers to adherence, type
of delivery device and financial burden to the patient.

Four studies investigated patient-perceived barriers to
adherence to insulin therapy [26-29], although there was
little consistency in results; the only factor identified by more
than one study was travelling [26,29]. All studies used self-
reported questionnaires, so results may reflect different
methodology rather than differences between patient popu-
lations. Notably, fear of weight gain and hypoglycaemia,
which are frequently cited as reasons against initiating
insulin therapy [15,38], were not mentioned as barriers to
adherence, suggesting that these factors may be less impor-
tant once treatment has started. Dislike of injections and
feeling embarrassed about injecting in public were given as
reasons for non-adherence, and may correspond to the
stigma of injections, which has been cited as a barrier to
beginning insulin treatment [14,15]. Other perceived barriers

© 2013 The Authors.
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included practical difficulties of fitting injections into
patients’ busy routines and the perception that insulin
therapy may not be necessary. Predictive factors for non-
adherence included female sex (two studies) [21 22] and age
(three studies), although younger patients were more adher-
ent in one study [21] and less adherent in the other two
studies [23,25]. Although several other factors were identi-
fied as predictive of non-adherence, none was identified in
more than one study.

Switching to, or initiating therapy with, insulin adminis-
tered by a pen device (instead of a vial/syringe) improved
adherence in four of the five studies investigating this factor
[30-33]. Pens have been shown to reduce injection pain,
help overcome stigma and fear of injections, and are
associated with greater treatment satisfaction and quality
of life than other devices [39,40]. One third of patients in
Europe and 85% of patients in the USA do not use pens
[41], suggesting that increased use of pen devices might
improve adherence.

Changing to an insurance scheme in which co-payments
are reduced increased adherence in two studies conducted in
the USA [36,37], suggesting that affordability of medication
may have a significant impact on adherence. This is in
agreement with a recent literature review of 66 studies from
the USA or Canada evaluating the relationship between
changes in cost sharing and adherence to interventions for
various disorders, including cardiovascular disease, diabetes
and mental health problems [42]. Most studies (85%)
showed that increasing the patient share of medication costs
was significantly associated with decreased adherence. Sim-
ilarly, a recent Canadian survey found that 9.6% of
respondents who had received a prescription in the previous
year reported that out-of-pocket expenses had led to non-
adherence [43]. The patient share of the cost of insulin
therapy is therefore likely to be an important factor leading
to non-adherence when patients have to pay a large propor-
tion of treatment costs and may deny access to therapy for
some patients. Indeed, the cost of managing insulin therapy
(including the cost of syringes and monitoring tests), together
with issues affecting the availability of insulin, are recognized
to be major factors influencing insulin use in sub-Saharan
African countries; in 2003, the International Diabetes Fed-
eration estimated that 80% of people with diabetes in these
countries were unable to afford insulin and syringes [44].
Lack of accessibility to health services and inadequate
follow-up are additional factors affecting the use of insulin
in developing countries such as India [45]. Pricing issues and
inadequate reimbursement across developing countries may
add further barriers to access to insulin. However, it could
also be argued that, if patients have to pay for their
medication, they will be more likely to be adherent in order
to gain the most benefit from their medication, although this
is not borne out in the results reported here.

Key predictors of adherence/non-adherence are summa-
rized in Table 4, along with potential strategies to improve
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Table 4 Summary of predictive factors for adherence to insulin and strategies for improving adherence to insulin

Negative predictors of

Positive predictors of adherence to insulin

adherence to insulin

Strategies for improving adherence

Changing insulin therapy

® Switching from a vial/syringe to a pen
device [30,33]

¢ Initiating insulin therapy with a pen device
instead of a vial/syringe [31,32,34]

Changing type of insurance plan

® Switching from a traditional formulary
scheme to a value-based insurance
design [36,37]

Predictive factors for adherence to insulin

e Switching from a vial/syringe ®
to a pen device [34]

Increased use/availability of pen devices

® Reduce the financial burden of insulin
therapy to the patient

® Older age [23,25] ® Older age [21] ® Provide additional medical support to
® Support from a diabetic nurse specialist [22] ® Female gender [21,22] patients (e.g. nurses, psychiatrists)

® Physical disability [23] ® Single status [21] ¢ Educational programmes to increase
¢ Higher household income [23] ® Lower HbA ;. levels [21] awareness of diabetes

® Following a healthy diet [23] ® Being a student [23] ® Develop therapies that allow for

® Perceived self-efficacy [25] ® Having the highest level of fewer injections and increased

® Hypoglycaemia awareness [24] education [23] flexibility in treatment regimen

® Previous experience of liaison psychiatry [24] ® Needing a large number of

® Previous experience of cognitive behavioural therapy [24]

injections [23]

® Type 2 diabetes (vs. patients

Patient-perceived barriers to insulin adherence
® Lower perceived consequences of diabetes [27]
® Higher perception of personal control [27]

with Type 1 diabetes) [23]

® Provide additional medical support
to patients (e.g. nurses, psychiatrists)

the initiation of, and adherence to, insulin therapy. The
patient-perceived barriers identified indicate that many
patients have concerns regarding injections and the need to
fit them into their daily life, suggesting that adherence may be
improved by therapy allowing for greater flexibility in dosing
regimen. Studies suggest that pen devices may alleviate issues
associated with injections, while insulin analogues and newer
anti-hyperglycaemic agents, such as the incretin mimetics,
may help to reduce concerns of hypoglycaemia and weight
gain, which are frequently perceived as barriers to initiating
therapy. The identified predictors of non-adherence indicate
that different approaches may be required for particular
patient subgroups, such as women and older patients, and
that social and medical support may be important for
improving adherence. Better education about diabetes at all
levels (including healthcare providers, patients and their
families) is clearly necessary to ensure that patients under-
stand the importance of achieving good metabolic control.
Two recent meta-analyses assessing a total of 51 randomized
controlled trials have shown that diabetes self-management
education (DSME) programmes encouraging close interac-
tion between patients and healthcare providers improve
glycaemic control, disease understanding and diabetes self-
management [46,47]. The American Association of Diabetes
Educators and the American Diabetes Association have been
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producing guidance on diabetes self-management education
programmes for several years, the most recent of which was
recently published [48,49]. Despite these efforts, rates of
adherence to insulin in the USA reported in this review were
poor, suggesting that considerable work is still required to
achieve good self-management practices. Cost to the patient
is evidently a major concern in countries where individuals
have to pay a significant proportion of medical costs, and
access to healthcare is a further factor, especially in devel-
oping countries. Improved access to healthcare (through
reimbursement schemes and the work of public health
authorities) is required to enable all patients to receive
appropriate insulin therapy.

To our knowledge, this is the first comprehensive system-
atic review to focus solely on factors affecting adherence to
insulin therapy; it has been conducted according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines. Despite the rigorous methodology used, the study
has several limitations owing to the small number and poor
quality of relevant studies identified. Only eight studies
involved more than 1000 insulin-treated patients, five
included data for fewer than 100 individuals receiving
insulin and nine out of 17 were rated poor for at least one
category as measured using the Effective Public Health
Practice Project tool. The only consistency in study designs

© 2013 The Authors.
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and results were for studies investigating the impact of
delivery devices on adherence, for which we considered that
it might be feasible to perform a meta-analysis, although, as
stated, it was not our intention to perform a meta-analysis.
There was very little consistency in methodologies or results
among studies assessing patient-perceived barriers to, or
predictive factors for, non-adherence. The description and
rigor of self-reported measures of adherence were generally
poor and no statistical analyses were performed in two of the
studies. All but four studies were conducted solely in the
USA, precluding evaluation of differences between countries
and cultures. We had also hoped to assess adherence across
time to evaluate the impact of technologies/treatments that
had been developed specifically to improve adherence.
Unfortunately, our searches identified only two studies from
the 1980s [25,26] and all other studies were published from
2006 onwards preventing this analysis. Another possible
limitation of the study is the potential bias introduced by
excluding non-English studies. This has been examined
previously in a study comparing the treatment effect
estimates from 50 meta-analyses across several therapy areas
comprised of both English and non-English studies [50].
Results for the full analyses were found to be similar to those
obtained by excluding non-English studies, although the
precision of the estimates was sometimes reduced. This
suggests that the bias introduced by excluding non-English
studies in the present review is unlikely to affect the findings
of the study.

The results of this review suggest that factors affecting
adherence to insulin therapy may differ from those influenc-
ing initiation of therapy and need to be given serious
consideration in order to improve long-term outcomes for
patients with diabetes. Additional real-world studies are
required to investigate such factors further, particularly in
countries other than the USA. Use of a consistent study design
would allow meta-analyses to be conducted, which could
provide further information regarding factors that influence
adherence. The results from such studies should help health-
care professionals to develop strategies for improving adher-
ence to insulin therapy worldwide, and hence avert the
epidemic of chronic diabetes complications and the subse-
quent socio-economic burden that is anticipated as a result of
the increased global prevalence of diabetes.
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Query reference Query Remarks

1 AUTHOR: this has been suggested as a short title. Please amend if desired (note that a
short title should not exceed 75 characters including spaces)

2 AUTHOR: journal style is to have a minimum of abbreviations, therefore the
abbreviations used in this article have been written in full throughout. Please check
that this has been done correctly and appropriately

3 AUTHOR: please check this section of text for sense. Does this mean that early and
appropriate initiation of insulin therapy combined with high levels of adherence to
treatment appears to be an effective tool? Rather than the two aspects being separate
tools?

4 AUTHOR: the second footnote symbol has not been found in the table (originally a
superscript ‘b’). Please indicate where the corresponding symbol should be placed

5 AUTHOR: please note that the sections of Author contributions, Acknowledgements
and Competing interests have been changed to Funding sources, Competing interests
and Acknowledgements in accordance with journal style. Please check that this has
been done appropriately

6 AUTHOR: please give date this website was last accessed

7 AUTHOR: please give volume number and page range for this reference

8 AUTHOR: please give volume number and page range for this reference

9 AUTHOR: please give volume number and page range for this reference

10 AUTHOR: please give volume number and page range for this reference

11 AUTHOR: please give exact date this website was last accessed

12 AUTHOR: Figure 1 has been saved at a low resolution of 155 dpi. Please resupply at
600 dpi. Check required artwork specifications at http://authorservices.wiley.com/
submit_illust.asp?site=1




&)WILEY-BLACKWELL

USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION

Required software to e-Annotate PDFs: Adobe Acrobat Professional or Adobe Reader (version 7.0 or

above). (Note that this document uses screenshots from Adobe Reader X)
The latest version of Acrobat Reader can be downloaded for free at: http://get.adobe.com/uk/reader/

Once you have Acrobat Reader open on your computer, click on the Comment tab at the right of the toolbar:
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v Annotations
This will open up a panel down the right side of the document. The majority of
tools you will use for annotating your proof will be in the Annotations section, @ @ @ qu &

pictured opposite. We've picked out some of these tools below:
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1. Replace (Ins) Tool - for replacing text.

':'-Eh Strikes a line through text and opens up a text
box where replacement text can be entered.

How to use it
¢ Highlight a word or sentence.

e Click on the Replace (Ins) icon in the Annotations

2. Strikethrough (Del) Tool — for deleting text.

Strikes a red line through text that is to be
deleted.

How to use it

¢ Highlight a word or sentence.
e Click on the Strikethrough (Del) icon in the

section. Annotations section.

e Type the replacement text into the blue box that

appears.
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3. Add note to text Tool — for highlighting a section 4. Add sticky note Tool — for making notes at
to be changed to bold or italic. specific points in the text.
'E?J Highlights text in yellow and opens up a text @ Marks a point in the proof where a comment
box where comments can be entered. needs to be highlighted.
How to use it How to use it
¢ Highlight the relevant section of text. e Click on the Add sticky note icon in the

e Click on the Add note to text icon in the Annotations section.

Annotations section. e Click at the point in the proof where the comment

e Type instruction on what should be changed should be inserted.

regarding the text into the yellow box that e Type the comment into the yellow box that
appears. appears.
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USING e-ANNOTATION TOOLS FOR ELECTRONIC PROOF CORRECTION

5. Attach File Tool — for inserting large amounts of 6. Add stamp Tool — for approving a proof if no
text or replacement figures. corrections are required.
é} Inserts an icon linking to the attached file in the & - Inserts a selected stamp onto an appropriate
appropriate pace in the text. place in the proof.
How to use it How to use it
e Click on the Attach File icon in the Annotations e Click on the Add stamp icon in the Annotations
section. section.
e Click on the proof to where you’'d like the attached e Select the stamp you want to use. (The Approved
file to be linked. stamp is usually available directly in the menu that

e Select the file to be attached from your computer appears).

or network. e Click on the proof where you’'d like the stamp to

e Select the colour and type of icon that will appear appear. (Where a proof is to be approved as it is,
in the proof. Click OK. this would normally be on the first page).
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* Drawing Markups

7. Drawing Markups Tools — for drawing shapes, lines and freeform
annotations on proofs and commenting on these marks.

T 1 |———1
E@ = O D Allows shapes, lines and freeform annotations to be drawn on proofs and for

P T comment to be made on these marks..
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New Incorporations

How to use it

e Click on one of the shapes in the Drawing
Markups section.

e Click on the proof at the relevant point and

draw the selected shape with the cursor. || & - dthreshe =
08/06/2011 16:23:54

e To add a comment to the drawn shape,
move the cursor over the shape until an

2 || Move to the battom of the left
column of panels.

arrowhead appears. o 0.03 &
¢ Double click on the shape and type any i 0005\ | J
text in the red box that appears. nonad ==

For further information on how to annotate proofs, click on the Help menu to reveal a list of further options:
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