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Abstract

Objective Medication adherence is impacted by regimen
complexity. The SIMPLE (Simple basal Insulin titration,
Metformin Plus Liraglutide for type 2 diabetes with very
Elevated HbA1c) study compared GLP1RA plus basal
insulin (GLP1RA+BI) to basal-bolus insulin (BBI) regimen in
participants with very uncontrolled type 2 diabetes mellitus
(T2DM). This analysis aimed to evaluate medication
adherence to GLP1RA+BI compared with BBI, the effect of
adherence on clinical and patient-reported outcomes, and
baseline predictors of adherence.
Research design and methods This was an analysis
of the SIMPLE study based on prespecified outcome. The
study took place in pragmatic, real-world setting. A total of
120 adults with T2DM and HgbA1c≥10% were randomized
to detemir plus liraglutide, or detemir plus aspart before
each meal; 6-month follow-up. The main outcomes
evaluated were: adherence, HgbA1c, weight, quality of life,
and hypoglycemia. Adherence rate was calculated for each
study medication at each follow-up visit; participants were
classified as ≥80% or <80% adherent.
Result A higher percentage of participants in the
GLP1RA+BI compared with the BBI group had ≥80%
adherence to detemir (59.3% vs 35.7%, p=0.02) as well
as liraglutide versus aspart (57.4% vs 30.4%, p=0.007).
Higher age was predictive of ≥80% adherence (OR per
5-year increment=1.48, 95% CI 1.09 to 2.0, p=0.01).
Higher adherence led to greater improvement in HbA1c
and weight in both groups. Treatment with GLP1RA+BI
compared with BBI led to greater improvement in HbA1c,
weight, and quality of life and lower risk of hypoglycemia
even after adjusting for the difference in adherence
between groups.
Conclusions Adherence was higher with the simplified
regimen of GLP1RA+BI compared with BBI. Greater
adherence to the simpler regimen amplified the treatment
effect on HbA1c, weight, quality of life, and risk of
hypoglycemia, yet statistically significant greater benefits
were noted even when adjusted for adherence.
Trial registration number NCT01966978

Introduction
Diabetes prevalence in the US adult population was estimated at 14% from 2013 to 2016,
which includes 9.3% diagnosed diabetes and
4.3% undiagnosed diabetes.1 According to
the Centers for Disease Control and Prevention 2011 data, 30.8% of patients diagnosed

Significance of this study
What is already known about this subject?
►► The rate of adherence with glucose-lowering medi-

cations is associated with glycemic control.
►► Adherence to glucose-lowering agents in adults with

type 2 diabetes is low.
►► The complexity of the treatment regimen is an im-

portant contributor to medication adherence rate.

What are the new findings?
►► Medication adherence is greater with glucagon-like

peptide-1 receptor agonist (GLP1RA) plus basal insulin compared with basal-bolus insulin.
►► The GLP1RA plus basal insulin treatment group
had improved glycemic control, greater weight loss
and lower risk of hypoglycemia compared with the
basal-bolus insulin group.

How might these results change the focus of
research or clinical practice?
►► A less complex treatment regimen improves medi-

cation adherence.
►► Treatment with GLP1RA plus basal insulin compared

with basal-
bolus insulin regimen led to greater
improvement in glucose control, as well as better
weight profile, less likelihood of hypoglycemia, and
improved quality of life.

with diabetes are treated with either insulin
alone or insulin plus oral agents.2 Approximately 50% of patients with type 2 diabetes
mellitus (T2DM) are not at target glycemic
control of HbA1c<7%,3 an outcome that is
at least partially due to poor adherence to
medication.4 Poor adherence to glucose-
lowering agents can result in poor glycemic
control and may lead to increased hospitalization, diabetic complications, and healthcare
resource use.5
Adherence to chronic therapies is disappointing in many chronic disease states.6
Adherence to glucose-
lowering agents has
been shown to be low overall. For example,
Farr et al reported that in the USA, adherence
rates measured as proportion of days covered
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(PDC) ≥80% were less than 50% across three oral glucose-
lowering classes at 1 year after initiation, and even lower at
the 2 years after initiation where adherence was approximately 40%.7 Non-adherence to glucose-lowering agents
is influenced by multiple factors including tolerability,
efficacy, cost of medications, complexity of the treatment regimen (frequency and route of administration,
number of additional agents in the treatment regimen),
and patient–provider interaction.8 9 Adherence to injectable therapies like insulin is very low, especially if multiple
daily injections are prescribed.10 Pfeiffer et al evaluated 398 patients treated with basal-bolus insulin (BBI)
regimen and concluded that the complicated nature of
basal-
bolus therapy contributes to the difficulties that
patients with type 2 diabetes (T2D) have with the regimen
and low adherence rates.10 Even with the newer classes
of injectable glucose-lowering agents, the glucagon-like
peptide-1 receptor agonists (GLP1RA), adherence has
been low, with retrospective studies showing PDC≥80%
of 34%–54.2%.11 12 GLP1RAs are potent glucose-lowering
agents, and when used in conjunction with insulin they
can further improve glycemic control, lower the dose
of insulin, and minimize hypoglycemia.13 Combination
therapy with a GLP1RA plus basal insulin (GLP1RA+BI)
is effective and more convenient compared with either a
BBI or even less intense insulin-based regimens like basal-
plus one or premixed insulins.14–18 The GLP1RA+BI can
be administered at the same time of the day, irrespective
of meals, can be easily self-titrated by the patients, and
therefore a more desirable treatment strategy compared
with other more complex insulin-based regimens, which
could also translate to increased adherence to therapy.19
The SIMPLE (Simple basal Insulin titration, Metformin
Plus Liraglutide for type 2 diabetes with very Elevated
HbA1c) study was a randomized trial which compared two
treatment strategies (GLP1RA+BI vs BBI) in participants
with T2DM and very elevated HbA1c (≥10%). A total of
120 participants were randomized with an average age of
47.4±9.5, diabetes duration of 10.5±7.2 years, and HbA1c
12.1%±1.4%. Treatment with GLP1RA+BI improved
HgbA1c more than treatment with BBI regimen (estimated treatment difference (ETD) of −1.1%, 95% CI
−2.0% to −0.1%, p=0.03), while this group also had better
weight outcomes (ETD −3.7 kg, 95% CI −5.8 to −1.5,
p=0.001), lower risk of hypoglycemia (35.2% vs 66.1%,
respectively) and greater improvement in several quality
of life (QoL) domains.18
The objective of this analysis is to compare adherence between the two treatment strategies, assess if any
baseline characteristics predict adherence to treatment,
and evaluate the impact of adherence on relevant clinical outcomes (HbA1c, weight, and hypoglycemia) and
patient-reported outcomes (QoL).
Materials and methods
This is an analysis of the SIMPLE study, which was a
prospective, randomized, open-
label, parallel group
2

trial comparing two treatment strategies (GLP1RA+BI vs
BBI), both in addition to metformin in individuals with
very uncontrolled (HbA1c≥10%) T2D. The intention-to-
treat data set of the SIMPLE trial included n=110 with 54
patients in GLP1RA+BI group and 56 patients in the BBI
group.18
Eligibility
In the SIMPLE study, participants were recruited from
the outpatient clinics at Parkland Health and Hospital
System if they were ≥18 years of age and had T2DM with
a confirmed HgbA1c≥10%. Participants were excluded
if they had type 1 diabetes, were using prandial insulin
(or had used it within the past 30 days), DDP-4 inhibitors
or GLP1RA, had a history of pancreatitis or pancreatic
disease, a baseline lipase level more than three times the
upper limit of normal, creatinine clearance <30 mL/min,
or decompensated comorbidities.
Intervention and medication titration
All participants initiated basal insulin detemir at randomization and self-titrated the dose daily according to a
prespecified protocol targeting a fasting blood glucose
of 71–100 mg/dL.
Participants randomized to the GLP1RA+BI treatment
group were initiated on liraglutide and titrated according
to the label to the final dose of 1.8 mg/day, or highest
tolerated dose. Participants randomized to the BBI initiated insulin aspart subcutaneously before each main
meal and self-titrated the dose according to a prespecified protocol.
Metformin was continued or initiated and titrated
after randomization if not contraindicated. The dose was
titrated to maximum tolerated dose or to 1000 mg twice
daily. A full description of the study design, interventions,
and outcomes can be found in the primary manuscript.18
Liraglutide, insulin detemir and insulin aspart were all
dispensed in prefilled pen devices and provided at no
cost to participants throughout the study. Participants
were required to return all study medications (used
or unused) at each clinic visit. Follow-
up clinic visits
occurred at 1, 3, and 6 months after randomization. An
adherence rate was calculated for each study medication
at each visit by dividing the amount of each product used
by the expected amount of product to be used over the
number of days between the respective visits. Adherence
to metformin, which was not provided by the study, was
based on pharmacy product fill rate. All participants
recorded their daily insulin dose in a study-
specific
logbook which was reviewed at each visit and used to
calculate the expected amount of product to be used.
Assessments
For analysis purpose, participants were considered
‘adherent’ if they had at least two (out of three) visits
where adherence could be assessed (product was
returned) and the calculated time-
adjusted average
adherence rate for the entire duration of the study was
BMJ Open Diab Res Care 2019;7:e000761. doi:10.1136/bmjdrc-2019-000761
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Haenszel tests, stratifying by adherence status.
Mantel-
A two-sided alpha=0.05 was used for hypothesis testing.
Analysis was conducted with SAS V.9.4 (SAS Institute).
Results
We randomized 120 participants with an average age of
47 years, 71% female, and a high minority representation
(40% Hispanic, 42% African-American), with a 10-year
average duration since diagnosis of diabetes and mean
baseline HbA1c of 12.1%. The majority of patients (76%)
were already treated with insulin prior to enrollment.

Figure 1 Baseline characteristics as predictors of ≥80%
adherence. The units for the baseline variables associated
with the ORs for adherence ≥80% are age per 5 years,
median income per $10 000, insulin TDD/kg per 0.1 unit,
weight per 5 kg and HbA1c per 1%. TDD, total daily dose.

≥80%. Participants who did not meet these criteria were
considered <80% adherent.
Age, gender, and race were self-reported by participants. Weight was measured on the same scale at each visit
in accordance with usual clinic procedures (no shoes or
outerwear, empty pockets). HgbA1c was measured in the
local laboratory at baseline, 3 and 6 months’ follow-up.
QoL was assessed via a modified Diabetes Quality of Life
Clinical Trial Questionnaire at the time of randomization
and at the 6-month clinic visit, and reported as individual
domain scores.
Hypoglycemia was defined as a blood glucose level
of <70 mg/dL regardless of symptoms, or if a participant
needed assistance from a third party to treat symptoms
suggestive of hypoglycemia regardless of whether a blood
glucose measurement was performed.
Statistical analysis
We summarized the percent of participants with
≥80% and<80% adherence in each treatment group
and by each glucose-
lowering medication separately
(metformin, insulin detemir, insulin aspart, liraglutide).
Detemir insulin was provided by the study to participants
in both randomized groups, therefore we used adherence to detemir (the common denominator for both
treatment groups) for all further analyses. Predictors
of detemir adherence were evaluated with univariable
and multivariable logistic regression models. Covariates
assessed were age, race, gender, baseline HbA1c, insulin
total daily dose (TDD)/kg, weight, QoL, and median
income. Treatment group comparisons controlling for
adherence and change from baseline contrasts by adherence stratum were made with mixed effects models for
the outcomes of HbA1c, weight, and QoL. Binomial
frequencies were compared between groups with the Fisher’s exact test. Hypoglycemia was analyzed with Cochran
BMJ Open Diab Res Care 2019;7:e000761. doi:10.1136/bmjdrc-2019-000761

Adherence between groups
The percentage of participants with ≥80% adherence
to detemir insulin was higher in the GLP1RA+BI group
(n=32, 59.3%) versus the BBI group (n=20, 35.7%)
(p=0.021 between groups). The percentage of participants with ≥80% adherence to liraglutide was 57.4%
compared with aspart insulin 30.4% (p=0.007 between
groups). The percentage of participants with ≥80%
adherence with metformin was similar between groups
(66.7% in the GLP1RA+BI group and 60.7% in the BBI
group, p=0.556 between groups).
Baseline characteristics as predictors of adherence
Age was the only significant predictor of future adherence
with detemir insulin, when adjusted for treatment group.
ORs for univariable predictors of detemir adherence for
all participants combined are shown in figure 1. Higher
age was predictive of ≥80% adherence to detemir (OR
per 5-year increment=1.48, 95% CI 1.09 to 2.00, p=0.01).
Gender, race, income, baseline HbA1c, weight, insulin
TDD, and diabetes-related QoL were not associated with
adherence in univariable nor multivariable models.
Effect of adherence on clinical and patient-reported outcomes
HbA1c and weight
To explore whether the difference in adherence between
the two treatment arms was responsible for the reported
clinical benefits, we compared the change in HbA1c and
weight between groups adjusting for the adherence rates.
The reduction in HbA1c was greater in the GLP1RA+BI
group compared with the BBI group after adjustment for
adherence (ETD −0.91, 95% CI −1.86 to 0.03, p=0.058).
In both treatment groups, participants with ≥80% adherence had numerically greater reduction in HgbA1c than
participants with <80% adherence, and a numerically
greater reduction in HgbA1c was noted in the GLP1RA
versus BBI group in both ≥80% adherence and <80%
adherence groups (table 1).
A significant difference between groups in terms of
weight change was observed after controlling for the
adherence rates (ETD −3.8 kg, 95% CI −6.0 to −1.6,
p<0.001). Participants with ≥80% adherence treated
with GLP1RA+BI observed weight loss (−1.2 kg; 95% CI
−3.1 to 0.6), while those treated with BBI had weight
gain (+4.5 kg; 95% CI 2.2 to 6.9). Participants with <80%
3
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Table 1 Clinical and patient-reported outcomes with change from baseline to 6 months for patients with ≥80% adherence
and <80% adherence
GLP1RA+basal insulin group

Basal-bolus insulin group

Month 6 to baseline

Month 6 to baseline

Outcome

≥80% adherence n=32

<80% adherence n=22

≥80% adherence n=20

<80% adherence n=36

HbA1c (%)

−4.41 (−5.23 to −3.59)

−3.63 (−4.68 to −2.58)

−3.61 (−4.63 to −2.59)

−2.60 (−3.46 to −1.74)

Weight (kg)

−1.3 (−3.2 to 0.67)

0.31 (−2.2 to 2.9)

4.6 (2.2 to 7.0)

2.1 (0.1 to 4.0)

D-QOL
General health perception

−0.94 (−1.27 to −0.60)

−0.78 (−1.19 to −0.36)

−0.35 (−0.77 to 0.07)

−0.30 (−0.66 to 0.06)

−0.25 (−0.59 to 0.08)

−0.25 (−0.55 to 0.04)

Treatment satisfaction

−0.59 (−0.86 to −0.32)

−0.65 (−0.98 to −0.31)

Hypoglycemia fear

−0.18 (−0.46 to 0.10)

−0.28 (−0.62 to 0.06)

0.04 (−0.32 to 0.39)

0.44 (0.14 to 0.75)

Results are least squares mean change from baseline (95% CIs) from mixed effects linear models.
D-QOL, Diabetes Quality of Life Questionnaire; GLP1RA, glucagon-like peptide-1 receptor agonist.

adherence had no significant change in weight regardless of treatment group (table 1).
Quality of life
A lower QoL score indicates better QoL, that is, a
decreased score corresponds with improved QoL.
General health perception was improved in participants
treated with GLP1RA+BI versus BBI even after adjustment for adherence (ETD −0.53, 95% CI −0.92 to −0.15,
p=0.007). Treatment satisfaction and fear of hypoglycemia
improved more in the GLP1RA+BI group compared with
BBI group even when adjusting for adherence (ETD
−0.36, 95% CI −0.67 to −0.06, p=0.02; ETD −0.47, 95%
CI −0.79 to −0.15, p=0.005, respectively), while changes
in current health perception and diabetes-related worry
were similar after adjustment for adherence.
Regardless of adherence rate, the group treated with
GLP1RA+BI had a significant improvement in both
general health perception as well as treatment satisfaction
(table 1). Fear of hypoglycemia numerically improved,
regardless of adherence, in the GLP1RA+BI group and
numerically increased in the BBI groups (table 1).
Hypoglycemia
Participants in the BBI treatment group were twice as
likely to have at least one hypoglycemic event compared
with the GLP1RA+BI in both the ≥80% adherent (80.0%
vs 40.6%; p=0.009) and <80% adherent subgroups
(58.3% vs 27.3%; p=0.03).
Discussion
We evaluated a patient population with uncontrolled T2D
with HgbA1c≥10.0% and compared adherence between
the standard treatment group (BBI) and a less complex
treatment regimen (GLP1RA+BI). We found that participants randomized to the simpler regimen consisting of
GLP1RA+BI were more likely to have ≥80% adherence
with detemir insulin and liraglutide compared with those
randomized to BBI and treated with detemir insulin
and aspart. Higher age was the only predictor of ≥80%
adherence within each treatment group. Treatment with
4

GLP1RA+BI, compared with BBI, led to improvement
in HbA1c and weight, lower risk of hypoglycemia, and
improved general health perception, treatment satisfaction, and fear of hypoglycemia even after adjustment
for difference in adherence between treatment groups.
Those with ≥80% adherence, compared with those who
had lower adherence, had numerically greater effects on
HbA1c and weight, but were more likely to experience
hypoglycemia.
Adherence with both oral and injectable glucose-
lowering agents is very low and this significantly contributes to inadequate glycemic control in patients with
T2DM.20–24 Complexity of a treatment regimen is one
of the main reasons for limited adherence to medications.10 25 Prior studies have shown that a less complex
regimen with GLP1RA+BI compared with BBI provides
similar glycemic control, with greater weight loss and
lower hypoglycemic risk,26–28 but none of these studies
enrolled patients with elevated HbA1c. This population
was exclusively targeted in our study, thus adding to the
body of evidence supporting the efficacy and safety of
this simpler regimen in this particular population which
traditionally has proven to be the more challenging to
treat and disproportionately affected by poor adherence. Higher adherence (≥80%) to either insulin or
GLP1RA is associated with better clinical outcomes,4 11 23
however adherence with GLP1RA+BI versus BBI has not
been previously studied. This is the first report evaluating adherence to GLP1RA+BI and BBI in a population
of patients with very elevated HgbA1c (≥10%) and the
associated clinical outcomes. These data emphasize and
support the findings in the literature promoting less
complex treatment regimens for greater adherence with
the goal of achieving greater improvements in glycemic
control, weight management and reduced risk of hypoglycemic events. In fact, adherence to all components of
the treatment regimen was affected by the complexity of
the regime as we found that adherence to detemir was
similar to that of liraglutide in the GLP1RA+BI group,
while adherence to detemir was lower and similar to
aspart in the BBI group.
BMJ Open Diab Res Care 2019;7:e000761. doi:10.1136/bmjdrc-2019-000761
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This study was conducted in a county health system,
and had a pragmatic design fully embedded in the usual
clinical setting. This included the frequency of follow-ups
which were in accordance with our clinical practice
(and less frequent compared with a usual clinical trial),
requirement for self-
titration of all medications, and
unscheduled contacts limited to those initiated by the
participants. As such, these findings are readily translatable to real-world usual clinical practice. Additionally, we
directly assessed adherence with each individual agent at
each encounter, therefore the estimate of adherence in
our study is more precise than reports using pharmacy fill
rates as a measure of adherence.
Several limitations are noteworthy. First, calculation
of adherence was predicated on participants returning
their study medication. If adherence could not be calculated, the participant was included in the <80% adherence group. While this is a conservative approach, it
could have underestimated the true adherence rate.
Second, after dividing each treatment group by adherence, the number of participants in each subgroup was
small and inadequately powered for meaningful comparisons between these subgroups. As such, only numerical
comparisons were performed across these subgroups
(table 1). Third, adherence was a secondary outcome
and even though it was a prespecified outcome results
should be hypothesis generating and interpreted in the
context of other findings from similar trials. Lastly, insulin
detemir, aspart, and liraglutide were provided free of
charge to participants. Adherence in such setting could
be overestimated compared with the real-world setting
where cost of acquiring a medication plays a significant
role in adherence.
In conclusion, our results suggest that a less complex
treatment regimen consisting of GLP1RA+BI, compared
with BBI therapy, is associated with greater adherence
as well as improved clinical outcomes (HbA1c, weight,
hypoglycemia) and improved QoL (general health
perception, treatment satisfaction and hypoglycemia
fear). GLP1RA+BI is a safe and effective treatment option
for patients with very uncontrolled T2DM.
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