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ABSTRACT

Introduction Most patients with type 2 diabetes require
sequential addition of glucose-lowering agents to maintain
long-term glycemic control. In this retrospective, observational
study, we compared intensification with a glucagon-like
peptide-1 receptor agonist (GLP-1 RA), oral antidiabetic drugs
(OADs), and insulin in patients receiving two OADs, using US
electronic health records and claims data.

Research design and methods For inclusion, patients in
the IBM MarketScan Explorys database were required to
have claims for two different OADs in the 180-day baseline
period and >1 claim for a different OAD/GLP-1 RA/insulin at
index date (treatment intensification). Changes in glycated
hemoglobin (HbA, ) and weight from baseline were assessed
at 180 days postindex. Patients were propensity score-
matched by baseline characteristics and exact-matched

by HbA, , category (HbA,  cohort and weight/composite
outcomes cohort) and body mass index (BMI) category
(weight/composite outcomes cohort only) to obtain balanced
treatment arms. The primary endpoint was the percentage of
patients reaching target HbA, . <7% (53 mmol/mol).

Results Significantly more patients intensifying with a
GLP-1 RA achieved HbA, . <7% than those receiving OAD(s)
(OR: 1.35; 95% Cl 1.03 to 1.77; p=0.032) or insulin (OR:
1.77; 95% Cl 1.27 to 2.47; p<0.001). GLP-1 RAs were
also associated with a significantly greater chance of not
gaining weight; significantly greater HbA, -and weight
decreases from baseline; and a significantly greater
chance of HbA, - <7%, no weight gain and discontinuation
of >1 baseline OAD (composite outcome), compared with
0AD(s) or insulin.

Conclusions In propensity score-matched cohorts, GLP-1
RAs demonstrated significant benefits for both glycemic
control and weight management over additional OAD(s) or
insulin, respectively, indicating that they may represent the
optimal choice at these points in the treatment pathway.

INTRODUCTION

Achieving glycemic control is a major treat-
ment aim in type 2 diabetes, and maintenance
of glycated hemoglobin (HbA, ) at or below
target levels is associated with reductions in
the risk of long-term complications.' > Weight

,' Andreas R Kirk,?2 Kamal K Mangla,® Michael L Wolden,?

Significance of this study

What is already known about this subject?

» For patients with type 2 diabetes receiving two oral
antidiabetic drugs (OADs) who require treatment
intensification to maintain glycemic control, physi-
cians may prescribe a third oral agent, a glucagon-
like peptide-1 receptor agonist (GLP-1 RA) or insulin.

What are the new findings?

» Compared with either additional OAD(s) or insulin,
GLP-1 RAs are associated with significantly greater
chances of meeting a glycated hemoglobin (HbA, )
target of <7%, of not gaining weight, and of achiev-
ing both these outcomes while discontinuing at least
one baseline OAD.

» GLP-1 RAs are also associated with significantly
greater HbA, and weight decreases from baseline
than either additional OAD(s) or insulin.

How might these results change the focus of

research or clinical practice?

» These results suggest that GLP-1 RAs may represent
the optimal treatment choice for patients receiving
two OADs, providing benefits in terms of glycemic
control, weight management and baseline medica-
tion discontinuation.

management is both a treatment aim and
a key consideration in improving glycemic
control.’ However, in most cases, long-term
maintenance of glycemic control requires
sequential addition of multiple glucose-
lowering agents.*

The standard of care for type 2 diabetes
in recent years has been to use metformin
as a first-line therapy, followed by treatment
intensification with additional oral antidia-
betic drugs (OADs), commonly sulfonylureas
(SUs) or dipeptidyl peptidase-4 inhibitors
(DPP-4is).* However, clinicians have multiple
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options for patients requiring treatment intensification.
Decisions are based on various considerations, including
risk of hypoglycemia, weight management, side effects,
comorbidities and patient preference, which is often
influenced by administration route and convenience of
treatment.* The American Diabetes Association (ADA)
guidelines emphasize the importance of timely treatment
intensification for achieving glycemic control and recom-
mend that treatment be assessed every 3-6 months,*
creating frequent opportunities for healthcare providers
to consider intensification options.

Consequently, treating physicians require robust
evidence that takes into account all factors informing
the decisions made in clinical practice, as a complement
to data from randomized controlled trials (RCTs). Well-
designed, real-world studies can identify large, diverse
cohorts that are representative of patients at specific
points in the therapeutic pathway, yielding comparative
effectiveness data for different intensification options.
Patients’ experiences with treatment can also be exam-
ined using these data sources, by assessing medication-
taking behavior.

We designed the retrospective, observational
PATHWAY study (Comparison of Treatment Intensifica-
tion Options on Health Outcomes and Persistency for
Real World T2DM Patients at Early and Late Stages of
OAD Treatment) to identify optimal therapeutic options
for patients with type 2 diabetes at different treatment
intensification stages, making use of linked US electronic
healthcare records (EHR) and administrative claims
data. In this analysis, PATHWAY 2-OADs, we have focused
on treatment intensification with additional OAD(s), a
glucagon-like peptide-1 receptor agonist (GLP-1 RA) or
insulin in patients receiving two OADs (online supple-
mental figure 1). This comparison reflects a common
treatment decision in clinical practice during the time
that our study was conducted: it would be expected that
most patients receive metformin plus DPP-4is or SUs,
with injectable therapies considered as an alternative to
a third OAD when further intensification is required, as
shown in another recent analysis of treatment intensifica-
tion in US patients receiving two OADs.” Here, we assess
HbA, and weight outcomes, discontinuation of baseline
OADs, and adherence to and persistence with intensifica-
tion treatment.

RESEARCH DESIGN AND METHODS

Data source

We used data from the IBM MarketScan Explorys Linked
Claims-EHR Database (IBM Watson Health, Armonk,
New York, USA), which combines anonymized EHR
with inpatient and outpatient administrative claims from
commercially insured patients.’ Available data include
medical history, prescriptions, clinical events, and labo-
ratory tests from more than 50 million unique patients
across all care settings, representing approximately 15%
of the US population. Linkage to MarketScan allows

confirmation that patients collected their prescriptions.”
At the time of the analysis, more than 500 000 patients
included in the entire database had at least one code for
type 2 diabetes.

Study design and patient population

This was a retrospective, observational study, with index
period from March 1, 2013 to October 31, 2018. For
inclusion, patients aged 18 years or older are required
to have been continuously enrolled in the database for
180 days each side of treatment intensification (index
date (day 0); figure 1). Patients are required to have at
least one International Classification of Diseases (ICD)-9
or ICD-10 code®? associated with type 2 diabetes any
time before or on the index date. Those who had a code
associated with type 1 diabetes or secondary diabetes
preindex or gestational diabetes or pregnancy during
the study period (September 1, 2012-October 31, 2018),
were excluded.

Patients who intensified treatment were identified as
those with at least one claim (indicating a prescription
fill, typically for 30 or 90 days’ medication) for each of
two OADs in different classes in the 180 days preindex
(baseline period), and at least one claim for any other
OAD (in a different class from baseline OADs), GLP-1
RA or insulin at index date. Patients who received treat-
ments in only one OAD class (including those who
switched treatments within a class) or more than two
OAD classes before treatment intensification, or had one
or more claims for injectables or index treatment during
the baseline period, were excluded. Patients who initi-
ated fixed dose combinations as index treatment were
defined by the treatment class of the novel agent. For
example, in a patient with a metformin claim in the base-
line period who initiated metformin+DPP-4i at treatment
intensification date, DPP-4i was considered to be the
index treatment. Patients with claims for more than one
index treatment on two different dates were included in
the cohort corresponding to the earliest claim; those with
claims for more than one index treatment on the same
date were excluded.

Outcomes
We assessed HbA, reduction and weight reduction at
6 months after treatment intensification (day 180) for
GLP-1 RA versus OAD (s) and for GLP-1 RA versus insulin.
To maximize the available sample sizes, we analyzed sepa-
rate cohorts for HbA, and weight/composite outcomes.
Patients with eligible HbA, and weight measurements
were included in both cohorts. Baseline HbA, and
weight were taken as the measurements within the base-
line period closest to the treatment intensification date,
between day —180 and day 15 for HbA , and between day
—180 and day 0 for weight. Follow-up measurements were
those closest to day 180 (+90 days (days 91-270) for both
HbA, and weight; figure 1).

Patients who discontinued baseline OADs were identi-
fied via claims captured in the 6 months after treatment
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intensification (follow-up period) in the HbA  cohort.

Patients with at least one claim for a given baseline OAD

were assumed to have continued receiving this therapy in

addition to index treatment; those with no claims were
assumed to have discontinued the respective baseline

OAD.

The primary endpoint was the percentage of patients
reaching target HbA, <7% (53 mmol/mol). We also
assessed the percentages of patients with no weight gain
and those who achieved weight loss 23%, and calculated
the mean absolute HbA  and weight changes from
baseline for each treatment cohort. To reflect the multi-
plicity of factors that are considered when selecting
treatment intensification options—HbA, , weight and
patient preference for fewer medications—we assessed
the percentages of patients meeting three composite
endpoints:

» Target HbA, <7% (53 mmol/mol) with no weight
gain.

» Target HbA  <7% (53 mmol/mol) with discontinua-
tion of one or more baseline OADs.

» Target HbA, <7% (53 mmol/mol) with no weight
gain and discontinuation of one or more baseline
OADs.

For each endpoint, we calculated the OR for the GLP-1
RA cohort versus the OAD(s) cohort and the insulin
cohort.

Study design. Index date was defined as the date of treatment intensification. GLP-1 RA, glucagon-like peptide-1
glycated hemoglobin; OAD, oral antidiabetic drug.

Adherence and persistence

Adherence to and persistence with intensification treat-
ment over the 180-day follow-up period were assessed
in the HbA, cohort. Our approach was aligned with
best practice guidance for assessing medication-taking
behavior in claims databases.'” Adherence was summa-
rized as the mean proportion of days covered (PDC);
adherent patients were those with PDC =0.8 during
follow-up. Persistence was summarized as the mean stay
time in the full cohorts and as the time to discontinua-
tion for patients who discontinued treatment. Stay time
was defined as the treatment period in days from index
date until discontinuation (see online supplemental
methods) or end of follow-up, with a maximum allowable
gap of 60 days. The percentage of patients who persisted
with treatment over the entire 180-day period was also
calculated.

The date of treatment discontinuation was either the
last treatment day (last fill+days’ supply associated with
the last fill), if there were no further claims in the 60
days following this date, or day of initiation of new anti-
diabetic medication class (not baseline or index medi-
cation) after the last fill, whichever was the earliest. In
the OAD(s) cohort, switching treatment to a different
OAD class was considered to be index treatment
discontinuation.
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Propensity score matching
In non-randomized studies, propensity score (PS)
matching is used to obtain patient cohorts that are
balanced in terms of their baseline characteristics,
controlling for confounding in estimating treatment
effects."’ In our analyses, matching was performed sepa-
rately for each comparison (GLP-1 RA vs OAD(s), GLP-1
RA vs insulin). Patients were exact-matched by baseline
HbA _category to obtain ~0% standardized mean differ-
ences (SMD) between treatment arms. In the weight/
composite outcomes cohort, patients were also exact-
matched by BMI category. Following exact matching,
patients were matched pairwise on up to 33 baseline
demographic and clinical characteristics, including age,
sex, weight, HbA , comorbidities and baseline antidia-
betic medications (see online supplemental methods).
Matching method was chosen based on the number of
patients available after matching and the SMD between
comparators, which was required to be <10%. For the
OAD(s) and GLP-1 RA cohorts, optimal matching with
a 1:1 ratio and default 0.25 caliper was used; for the
insulin and GLP-1 RA cohorts, a greedy nearest neighbor
method with a 1:1 ratio and 0.1 caliper was used.

Statistical analyses

For demographic and clinical characteristics and outcome
metrics, mean and SD were calculated for continuous
variables. Counts and percentages were calculated for
categorical variables.

In line with established methods to control for
any remaining confounding variables following PS
matching,'” further adjustment for significant baseline
covariates was applied in statistical analyses (see online
supplemental methods). The differences between
cohorts in terms of changes in HbA, and weight were
estimated using analysis of covariance, ORs were esti-
mated using logistic regression, and HRs were estimated
using a Cox proportional hazard model. The OAD(s)
and insulin cohorts were used as the reference cohorts
for the GLP-1 RA cohort in the respective comparisons.

RESULTS

Study population and baseline characteristics

In total, 183 882 patients with type 2 diabetes initiating
at least one antidiabetic medication were identified. Of
this group, 102 771 had continuous enrollment either
side of the index date and met none of the exclusion
criteria, of whom 23 467 had at least one claim for each
of two OADs in the baseline period. A total of 4792
patients had the requisite HbA, measurements, and
3927 patients had both HbA, and weight measurements.
Online supplemental table 1 shows the number of these
patients receiving each index treatment, before and
after matching. In the matched cohorts, all patients had
a record of type 2 diabetes diagnosis before index date,
with the exception of one patient in the GLP-1 RA versus
OAD (s) analysis and two patients in the GLP-1 RA versus

insulin analysis, for whom diagnosis and index date were
the same. As these patients met the condition of receiving
two OAD (s) in the baseline period, it is assumed that this
is due to a delay in recording type 2 diabetes diagnosis.

There were prematching disparities in some base-
line characteristics across the cohorts; for example, the
mean HbA  was higher in the insulin cohorts (online
supplemental table 2 and online supplemental table 3).
Following PS matching, these characteristics were well
balanced (table 1 and online supplemental table 4). In the
HbA, cohorts, the mean age was 56.0 years for GLP-1 RA
versus OAD(s), and 57.2/57.6 years for GLP-1 RA versus
insulin. Approximately 50% of patients in each cohort
were women. The mean BMI was between 35 kg/m2 and
37 kg/m? and the mean weight was between 104.1 kg
and 107.4 kg. Exact matching by baseline HbA, category
resulted in closely matched cohorts, with SMD of approx-
imately 0% for baseline HbA, . There was a relatively low
prevalence of cardiovascular disease (2.8%—4.5% across
cohorts). Baseline characteristics were similar for the
weight/composite outcome cohorts.

Across the HbA, and weight/composite outcomes
cohorts, the most common combinations of baseline
OADs were metformin plus SU (42.2%-50.5%) and
metformin plus DPP-4i (26.2%-32.4%; table 1 and online
supplemental table 4). To confirm that two OADs were
taken at the same time, we assessed days covered and
showed that, on average, each patient received two OADs
simultaneously for 100 days during the baseline period.
For treatment intensification in the HbA, cohorts, the
most common GLP-1 RAs used were liraglutide (49.5%—
49.6%), exenatide extended release (22.1%-22.5%) and
dulaglutide (19.6%-20.0%; online supplemental figure
2). No patients in the analyses had received injectable
or oral semaglutide, because their availability did not
overlap with the study period or meet the inclusion crite-
rion requiring 180 days of follow-up. The most common
OADs used were DPP-4is (30.9%), SUs (25.1%) and
sodium-glucose co-transporter-2 inhibitors (22.3%).
The vast majority of the patients who intensified treat-
ment with insulin received a long-acting form (83.2%),
with only 5.5% receiving rapid-acting insulin and 4.3%
receiving both long-acting and rapid-acting insulin. A
similar pattern was observed in the weight/composite
outcomes cohorts.

HbA,  reduction from baseline

ORs, 95% Cls, and numbers and percentages of patients
achieving single and composite outcomes are presented
in figure 2. Absolute changes from baseline are presented
in online supplemental figure 3 and online supplemental
table 6.

GLP-1 RA versus OAD(s)

In total, 38.3% of patients intensifying treatment with
GLP-1 RA and 32.1% of those intensifying with OAD(s)
reached an HbA, targetof<7% (53 mmol/mol), equating
to an OR of 1.35 in favor of GLP-1 RA (95% CI11.03 to 1.77;
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Table 1 Postmatching baseline characteristics for the HbA,  cohort

OAD(s) GLP-1 RA Insulin GLP-1 RA
n=530 n=530 SMD n=398 n=398 SMD
Age, years 56.0 (10.7) 56.0 (9.7) 0.00 57.6 (11.0) 57.2 (9.8) -0.04
Sex (male/female), % 48.7/51.3 49.8/50.2 0.02/-0.02  49.2/50.8 53.3/46.7 0.08/-0.08
BMI, kg/m? 36.2 (7.1) 36.7 (7.2) 0.07 35.6 (6.9) 35.7 (6.7) 0.01
Weight, kg 105.3 (23.3)  107.4 (24.5) 0.09 104.1 (22.9)  105.4 (24.1) 0.05
HbA, , % 8.5 (1.5) 8.5 (1.5) -0.01 8.9 (1.5) 8.9 (1.6) 0.02
HbA, , mmol/mol* 69 (16.6) 69 (16.7) - 74 (16.5) 74 (16.9) -
Adapted Diabetes Complications Severity Index 0.58 (1.04) 0.52 (0.99) -0.06 0.65 (1.09) 0.60 (1.07) -0.05
score'®
Quan-Charlson Comorbidity Index score'” '8 0.65 (1.13) 0.62 (0.97) -0.03 0.71 (1.18) 0.69 (1.01) -0.01
Baseline antidiabetic medication, %
AGI 0.4 0.2 -0.04 0.8 0.3 -0.07
Biguanide (metformin) 87.4 88.9 0.05 85.4 86.9 0.04
DPP-4i 38.5 37.0 -0.03 37.4 37.7 0.01
D2 dopamine receptor agonist 0.0 0.2 0.06 0.0 0.3 0.07
Insulin-sensitizing agent (TZD) 7.9 8.9 0.03 8.5 6.3 -0.09
Meglitinide 0.4 0.6 0.03 1.0 0.8 -0.03
SGLT-2i 12.8 12.3 -0.02 6.5 7.0 0.02
SuU 52.6 52.1 -0.01 60.3 60.8 0.01
Baseline OAD combination, %
Metformin+SU 43.2 443 - 48.2 50.5 -
Metformin+DPP-4i 30.4 27.5 - 26.9 26.6 -
Metformin+SGLT-2i 7.9 10.2 - 4.5 5.5 =
Metformin+TZD 5.5 6.6 - 5.3 3.8 -
DPP-4i+SU 4.9 6.2 - 8.5 8.3 -
Others 8.1 5.1 - 6.5 5.3 -
Comorbidities (selected), %
Hyperlipidemia 67.5 65.1 -0.05 66.6 66.1 -0.01
Hypertension 65.5 63.4 -0.04 67.3 66.8 -0.01
Obesity 27.9 25.5 -0.06 22.6 20.9 -0.04
Depression 11.3 11.7 0.01 12.6 11.8 -0.02
Diabetic neuropathy 10.9 10.8 -0.01 11.3 12.3 0.03
Anxiety 6.8 5.7 -0.05 4.8 4.3 -0.02
Diabetic nephropathy 5.8 4.3 -0.07 6.8 58 -0.04
Renal 515 4.7 -0.03 6.8 6.5 -0.01
Cerebrovascular 3.4 2.5 -0.06 3.3 3.0 —-0.01
Diabetic retinopathy 3.2 4.3 0.06 4.8 4.5 -0.01
Stroke/TIA 3.2 23 —-0.06 3.0 2.8 -0.01
Peripheral vascular disease 3.0 2.6 -0.02 3.0 3:3 0.01
Cardiovascular 2.8 3.4 0.03 3.8 4.5 0.04
Type of payer, %
Commercial 84.0 84.9 0.03 81.7 80.7 -0.03
Medicare 16.0 15.1 -0.03 18.3 19.3 0.03
Health plan, %
Preferred provider organization 50.0 49.6 -0.01 41.2 45.7 0.09
Comprehensive 12.8 12.1 -0.02 14.8 13.3 -0.04
Health maintenance organization 12.6 13.4 0.02 17.3 15.1 -0.06
Continued
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Table 1 Continued
OAD(s) GLP-1 RA Insulin GLP-1 RA
n=530 n=530 SMD n=398 n=398 SMD
Consumer-driven health plan 9.2 9.1 -0.01 9.0 8.8 -0.01
Other/unknown 15.3 15.8 = 17.6 171 -

Data are mean (SD) except where otherwise stated.

The Adapted Diabetes Complications Severity Index is based on a scale ranging from 0 to 2 for each complication as follows: 0=no abnormality,
1=some abnormality, 2=severe abnormality. Each patient receives one score from each of the seven complication categories. The higher score is
used when a patient has more than one condition in a given category. After summing scores from all seven categories, a patient may have a total

score from 0 to a maximum of 13.

The Quan-Charlson Comorbidity Index score is computed by adding the weights that are assigned to the specific diagnoses. Each diagnosis is only
counted once. The minimum possible score is 0 and the maximum possible score is 24.

Cardiovascular comorbidities were congestive heart failure, acute or old myocardial infarction, and stable or unstable angina.

Renal comorbidities included chronic kidney disease, end-stage renal disease, renal failure, renal osteodystrophy, kidney transplant and dialysis.

*Matching performed for HbA,  expressed as percentages only.

AGI, alpha-glucosidase inhibitor; BMI, body mass index; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor
agonist; HbA, , glycated hemoglobin; OAD, oral antidiabetic drug; SGLT-2i, sodium-glucose co-transporter-2 inhibitor; SMD, standardized mean
difference; SU, sulfonylurea; TIA, transient ischemic attack; TZD, thiazolidinedione.

p=0.032; figure 2A). This increased to 48.2% vs 34.5%
(OR: 2.03; 95% CI 1.41 to 2.92; p<0.001) in patients who
were adherent to medication postintensification.

Overall, treatment intensification with either a GLP-1
RA or OAD(s) was associated with mean absolute reduc-
tions from baseline in HbA1c of -1.0% (-10.4 mmol/
mol) and -0.7% (-7.8 mmol/mol), respectively, with a
-0.25% (2.7 mmol/mol) reduction in favor of GLP-1
RA (p=0.001). The difference between treatments was
more pronounced in a subgroup of patients who were
adherent to treatment postintensification (GLP-1 RA:
n=278,-1.3% (-13.7 mmol/mol); OAD(s): n=313, -0.8%
(=8.6 mmol/mol); -0.41% (—4.5 mmol/mol) in favor of
GLP-1 RA; p<0.001).

GLP-1 RA versus insulin
In total, 32.7% of those who intensified treatment with
GLP-1 RA and 22.9% of those intensifying with insulin
reached an HbA  targetof <7% (53 mmol/mol), equating
to an OR for GLP-1 RA versus insulin of 1.77 (95% CI
1.27 to 2.47; p<0.001; figure 2B). This increased to 41.9%
vs 23.9% (OR: 2.39; 95% CI 1.47 to 3.89; p<0.001) in
patients who were adherent to medication (figure 2B).
Treatment intensification with GLP-1 RA was associ-
ated with a significantly greater mean absolute reduction
from baseline in HbA , compared with insulin (-1.3%
(-14.0 mmol/mol) and -0.8% (-8.6 mmol/mol), respec-
tively; —-0.45% (—4.9 mmol/mol) in favor of GLP-1 RA;
p<0.001), including in patients who were adherent to
treatment postintensification (GLP-1 RA: n=215, -1.6%
(=17.2 mmol/mol) reduction; insulin: n=142, -0.9%
(=9.8 mmol/mol) reduction; -0.5% (5.5 mmol/mol) in
favor of GLP-1 RA; p<0.001).

Weight reduction from baseline

GLP-1 RA versus OAD(s)

Consistently greater percentages of those receiving GLP-1
RAs at treatment intensification achieved no weight gain
and >3% weight loss, versus patients receiving OAD(s).
This equated to ORs of 2.10 and 1.72 in favor of GLP-1

RA versus OAD (s) for each respective endpoint (p<0.001;
figure 2A). In patients who were adherent to treatment,
the OR for no weight gain was 2.71 in favor of GLP-1 RA
versus OAD (s).

Treatment intensification with a GLP-1 RA rather
than OAD(s) resulted in significantly greater weight
loss from baseline (GLP-1 RA: —2.4 kg (-2.2%); OAD(s):
-0.7 kg (0.6%); —1.7 kg in favor of GLP-1 RA; p<0.001),
including in patients who were adherent to treatment
(GLP-1 RA: -2.8 kg (-2.4%); OAD(s): -0.7 kg (-0.5%);
—2.3 kg in favor of GLP-1 RA; p<0.001).

GLP-1 RA versus insulin

Significantly greater percentages of those receiving GLP-1
RAs at treatment intensification achieved no weight gain
and 23% weight loss versus patients receiving insulin,
with ORs of 3.67 and 2.95 in favor of GLP-1 RAs for each
respective endpoint (p<0.001; figure 2B). In patients who
were adherent to treatment, the OR for no weight gain
was 4.40 in favor of GLP-1 RA versus insulin.

Treatment intensification with a GLP-1 RA was associ-
ated with significant reductions in weight from baseline,
whereas intensification with insulin resulted in a small
mean gain (GLP-1 RA: -2.4 kg (-2.3%); insulin: +0.05 kg
(+0.3%); —2.5 kg in favor of GLP-1 RA; p<0.001). This
pattern was replicated in patients who were adherent to
treatment (GLP-1 RA: 2.5 kg (-2.3%); insulin: +0.04 kg
(+0.3%); —2.7 kg in favor of GLP-1 RA; p<0.001).

Baseline OAD discontinuation

Full data on the percentages of patients discontinuing
each baseline OAD in the HbA, cohort are shown in
online supplemental table 5.

GLP-1 RA versus OAD(s)

In total, 43.2% of those receiving a GLP-1 RA discon-
tinued at least one of their baseline OADs, compared
with 29.2% of those who intensified treatment with addi-
tional OAD(s), equating to an OR of 1.91 (95% CI 1.48
to 2.48; p<0.001; figure 2A).
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Figure 2 OR for GLP-1 RAs versus OAD(s) or insulin for single outcomes (A, B) and composite outcomes (C, D). GLP-1 RA,

glucagon-like peptide-1 receptor agonist; HbA

1c?

GLP-1 RA versus insulin

There was no difference between GLP-1 RA and insulin
in terms of baseline OAD discontinuation (40.5% for
each treatment; OR: 0.98; 95% CI 0.73 to 1.32; p=0.91;
figure 2B).

Composite outcomes

GLP-1 RA versus OAD(s)

Patients who intensified treatment with a GLP-1 RA
had a significantly greater likelihood of meeting
each composite outcome than those receiving addi-
tional OAD(s) (figure 2C). For a target of HbA
<7% (53 mmol/mol) and no weight gain, the OR
was 1.44 (95% CI 1.05 to 1.98; p=0.024) in favor of
GLP-1 RA. Patients in this cohort also had a greater
chance of achieving HbA, <7% (53 mmol/mol) with

glycated hemoglobin; OAD, oral antidiabetic drug.

discontinuation of at least one baseline OAD (OR:
2.03; 95% CI 1.36 to 3.02; p<0.001), and of achieving
HbA, <7% (53 mmol/mol) with no weight gain and
discontinuation of at least one baseline OAD (OR:
1.87; 95% CI 1.18 to 2.99; p=0.008).

GLP-1 RA versus insulin

Patients who intensified treatment with a GLP-1 RA
were significantly more likely to achieve HbA, <7%
(53 mmol/mol) and no weight gain (OR: 3.33; 95%
CI 2.08 to 5.33; p<0.001), HbA, <7% (53 mmol/mol)
with discontinuation of at least one baseline OAD
(OR: 2.05; 95% CI 1.25 to 3.34; p=0.004), and HbA
<7% (53 mmol/mol) with no weight gain and discon-
tinuation of at least one baseline OAD (OR: 3.02; 95%
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Table 2 Adherence and persistence over 180 days postindex for GLP-1 RAs versus OAD(s) and versus insulin

GLP-1 RA vs OAD(s) OAD(s) GLP-1 RA
Criteria All (n=530) All (n=530) OD (n=263) OW (n=239)
Adherence
PDC, mean (SD) 0.75(0.27) 0.71 (0.27) 0.66 (0.28) 0.74 (0.28)
Adherent patients (PDC >0.80), n (%) 313 (59.1) 278 (52.5) 110 (41.8) 146 (61.1)
OR (95% CI) vs OADs - 0.76 (0.60 to 0.98) 0.51 (0.38 to 0.69) 1.09 (0.80 to 1.49)
P value - 0.0316 <0.001 0.60
Persistence
Stay time, days, mean (SD) 146.0 (56.1) 142.4 (57.0) 135.5 (59.8) 146.6 (54.8)
HR (95% Cl) vs OADs - 1.16 (0.94 to 1.42) 1.36 (1.10 to0 1.73) 1.02 (0.78 to 1.34)
P value - 0.16 0.014 0.88
Log rank p value - 0.15 0.0048 0.87
Persistent patients, n (%) 358 (67.5) 338 (63.8) 151 (57.4) 162 (67.8)
Discontinuation
Patients who discontinued, n (%) 172 (32.5) 192 (36.2) 112 (42.6) 77 (32.2)
Time to discontinuation, days,* mean (SD) 75.3 (47.7) 76.3 (45.7) 75.5 (46.0) 76.3 (44.7)
GLP-1 RA vs insulin Insulin GLP-1 RA
Criteria All (n=398) All (n=398) OD (n=197) OW (n=177)
Adherence
PDC, mean (SD) 0.63 (0.29) 0.72 (0.27) 0.68 (0.27) 0.74 (0.28)
Adherent patients (PDC >0.80), n (%) 142 (35.7) 215 (54.0) 86 (43.7) 112 (63.3)
OR (95% Cl) vs insulin - 2.11 (1.58 to 2.81) 1.40 (0.99 to 1.98) 3.22 (2.21 to 4.69)
P value - <0.001 0.060 <0.001
Persistence
Stay time, days, mean (SD) 126.0 (65.0) 144.7 (55.1) 139.5 (56.8) 145.6 (55.7)
HR (95% Cl) vs insulin - 0.68 (0.55 to 0.85) 0.74 (0.57 to 0.96) 0.65 (0.48 to 0.87)
P value = 0.0005 0.025 0.0038
Log rank p value - 0.0003 0.081 0.0025
Persistent patients, n (%) 211 (53.0) 257 (64.6) 115 (58.4) 118 (66.7)
Discontinuation
Patients who discontinued, n (%) 187 (47.0) 141 (35.4) 82 (41.6) 59 (33.3)
Time to discontinuation, days,* mean (SD) 65.0 (44.5) 80.4 (46.5) 82.7 (47.0) 76.8 (46.9)

Twice-daily GLP-1 RAs are not assessed in statistical comparisons concerning frequency of administration because few eligible patients were
available; however, these patients are included in the cohorts for all GLP-1 RAs.

Bold values indicate significant differences between the OAD(s) or insulin cohort and the respective GLP-1 RA cohort.

Log rank test results showed good consistency with the results of the Cox model.

*Time for discontinuation is presented only for patients who discontinued. For the full cohorts, this is presented as stay time.

GLP-1 RA, glucagon-like peptide-1 receptor agonist; OAD, oral antidiabetic drug; OD, once-daily; OW, once-weekly; PDC, proportion of days

covered.

CI 1.51 to 6.05; p=0.002) than those who intensified
with insulin (figure 2D).

Adherence and persistence
Data on adherence and persistence are shown in
table 2.

GLP-1 RA versus OAD(s)

Patients receiving a GLP-1 RA were less adherent to treat-
ment than those receiving OAD(s), with a lower mean
PDC and a smaller proportion of patients with PDC
>0.8 (52.5% vs 59.1%; OR: 0.76; 95% CI 0.60 to 0.98;
p=0.0032). This trend was affected by the frequency of

GLP-1 RA injection: 41.8% of those receiving once-daily
(OD) GLP-1 RAs were adherent to treatment, whereas
adherence in those receiving once-weekly (OW) GLP-1
RAs (61.1%) was not significantly different from the
OAD(s) cohort.

Stay time was not significantly different between the
GLP-1 RA cohort and the OAD(s) cohort (HR: 1.16;
95% CI 0.94 to 1.42; p=0.16). A smaller proportion
of patients receiving a GLP-1 RA were persistent than
those receiving OAD(s) (63.8% vs 67.5%). Overall,
67.8% of patients receiving OW GLP-1 RAs and 57.4%
of those receiving OD GLP-1 RAs were persistent.
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GLP-1 RA versus insulin

Patients receiving a GLP-1 RA were significantly more
adherent to treatment than those receiving insulin, with
a higher mean PDC and a greater proportion of adherent
patients (54.0% vs 35.7%; OR: 2.11; 95% CI 1.58 to
2.81; p<0.001). Administration frequency of GLP-1 RA
appeared to affect adherence rates (OW: 63.3%; OD:
43.7%).

Stay time was significantly longer for the GLP-1 RA
cohort than the insulin cohort (HR: 0.68; 95% CI 0.55
to 0.85; p<0.001), and a greater proportion of patients
were persistent with treatment, regardless of administra-
tion frequency (all GLP-1 RAs: 64.6%; OW: 66.7%; OD:
58.4% vs insulin: 53.0%).

CONCLUSIONS
This is one of the first real-world, observational studies
using EHR combined with claims data to assess multiple
options for treatment intensification in type 2 diabetes.
By presenting comparative effectiveness evidence on the
full range of choices available at this therapeutic decision
point, our findings provide valuable guidance to clini-
cians. Our PS-matched analysis indicates that patients
receiving two OADs have a significantly higher chance
of reaching HbA, targets and achieving weight loss at 6
months following intensification with GLP-1 RA rather
than additional OAD(s), provided that they had an equal
chance of receiving each intensification option. Similar
results were observed for patients who were equally likely
to intensify treatment with either a GLP-1 RA or insulin.
Overall, 33%-38% of patients intensifying with a GLP-1
RA achieved HbA, <7% (53 mmol/mol). This is similar
to rates reported in previous observational studies:
21%-33% at 12 months in patients intensifying OAD
treatment with GLP-1 RA and basal insulin,13 and 30% in
patients adding lixisenatide to basal insulin (+OADs)."*
Patients in our study receiving a GLP-1 RA rather than
OAD(s) or insulin were more likely to achieve target
HbA, without weight gain while discontinuing one or
more baseline OADs. For baseline OAD discontinuation
as a single endpoint, there was no difference between the
GLP-1 RA and insulin cohorts, but patients who intensi-
fied treatment with a GLP-1 RA were nearly twice as likely
to discontinue a baseline OAD as those in the OAD(s)
cohort. Although the reasons for this cannot be inferred
retrospectively, it is likely that baseline OAD discontinua-
tion in the GLP-1 RA cohorts was partly driven by patients
discontinuing DPP-4is, in line with the ADA guidance.*
Patients who were adherent to intensification therapy
tended to achieve greater HbA, reduction and weight
loss from baseline. Medication-taking behavior was
affected by both mode and frequency of administration:
GLP-1 RAs were associated with higher adherence and
persistence than insulin, but significantly lower adher-
ence than OADs. This difference was partly driven by
low adherence and persistence rates with OD rather
than OW GLP-1 RAs; another possible explanation is

the gastrointestinal side effects that are often linked to
early discontinuation in this treatment class.* In future,
analyzing adherence and persistence separately during
days 0-90 and days 91-180 after intensification would
allow examination of medication-taking behavior in
those who persisted with treatment beyond 90 days.

Our use of linked EHR and claims data was a major
strength of this study because it provided confirmation
that all included patients had received their medica-
tion. Consequently, our study was able to mimic specific
points in the treatment pathway, providing evidence to
complement the results of previous RCTs that have exam-
ined treatment intensification for patients receiving two
OADs." Although our approach in assessing GLP-1 RAs
as a class rather than individually is limited in its specificity
and does not take into account the differences between
GLP-1 RAs, it accurately reflects clinical decision-making,
whereby treating physicians first identify the most appro-
priate class of antidiabetic medication before selecting a
specific therapy.

Lack of randomization and risk of bias are potential
limitations of retrospective observational studies. To
mitigate against these, we used PS matching to obtain
balanced cohorts and importantly performed exact
matching by baseline HbA, and BMI categories, resulting
in cohorts with identical baseline values and allowing
us to detect clinically significant changes at follow-up.
Subsequent adjustment of the models used to calculate
differences between treatment cohorts was intended to
address residual confounding, which was particularly
valuable for analyses in subpopulations of the main
cohorts. We conducted sensitivity analyses using unad-
justed models and obtained results similar to the main
analyses; however, it is possible that residual confounding
remained. It should be noted that PS matching effec-
tively created two subpopulations: those for whom treat-
ment intensification with either an OAD or a GLP-1 RA
is indicated and those whose disease has progressed to
the requirement for either a GLP-1 RA or insulin. This is
reflected in the higher mean HbA]C in the insulin cohorts
before matching, indicating that these patients had more
advanced disease than those in the other treatment
cohorts. Therefore, our results should be interpreted in
the context of these distinct treatment decisions. We also
acknowledge that, perhaps due to use of the Explorys
database, the mean BMI of patients in our study was
slightly higher than might be expected in a general popu-
lation with type 2 diabetes. Although the separation of
HbAl(_ and weight/composite outcomes cohorts could be
considered to limit the generalizability of the results, we
show that baseline demographic and disease character-
istics were similar across all cohorts, providing relatively
high confidence that HbA, and weight benefits are real-
ized in similar patient populations.

Another limitation of claims data is the need to infer
some aspects of medication-taking behavior. We selected
eligible patients by the presence of relevant treatment
claims, with no requirement for continuous treatment
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periods during the baseline period and no restriction by
number of days of index medication prescribed. Although
this is an established method of patient identification in
claims databases and avoids a possible source of selection
bias, it meant that some instances of baseline or index
treatment discontinuation may have gone undetected. In
future, when more eligible patients are available in these
databases, sensitivity analyses requiring overlapping treat-
ment periods could be conducted to assess whether this
had an impact on our results.

In our PS-matched cohorts from a population receiving
two OADs, treatment intensification with a GLP-1 RA
provided significant benefits in terms of glycemic control
and weight management compared with additional
OADs or insulin, respectively. Future analyses including
patients receiving newer GLP-1 RAs would be expected to
show even greater benefits associated with this treatment
class due to their comparatively greater efficacy. Further-
more, the PATHWAY study design and matching meth-
odology will be valuable to compare different treatment
intensification options, to examine other points in the
treatment pathway, to assess costs and resource use, and
to examine how the availability of oral semaglutide might
affect future prescribing practices and patient accep-
tance of GLP-1 RAs.
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