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ABSTRACT

Introduction: When and how to intensify
treatment in patients with type 2 diabetes (T2D)
not achieving glycated hemoglobin (HbA1c)
targets with oral antidiabetic drugs (OADs) in
clinical practice remains a matter of clinical
preference. This pilot study was conducted
using the retrospective observational data from
such patients to evaluate the impact on HbA1c
of three treatment sequences: simultaneous
initiation of basal insulin (BI) and a glucagon-
like peptide-1 receptor agonist (GLP-1 RA;

Cohort 1); BI followed by GLP-1 RA initiation
within a 90-day timeframe (Cohort 2); or BI
followed by GLP-1 RA initiation beyond 90 days
(Cohort 3).
Methods: Data from the regional US electronic
medical records database, Research Action for
Health Network (REACHnet), were extracted for
all patients with T2D aged C 18 years who had
encounter dates between January 2011 and
August 2017 and C 1 HbA1c laboratory
value(s) \90 days before BI initiation and C 2
HbA1c laboratory values within 1 year after BI
initiation and who met the inclusion criteria for
GLP-1 RA initiation set for Cohorts 1, 2, or 3.
The primary endpoints were the proportion of
patients achieving HbA1c \ 7.0%, which was
estimated via Kaplan–Meier analysis, and
change in HbA1c within 12 months.
Results: Overall, 869 patients were analyzed, of
whom 109 were in Cohort 1, 301 in Cohort 2,
and 459 in Cohort 3. Baseline HbA1c was
10.3 ± 2.1, 10.3 ± 2.0, and 10.2 ± 2.1% for
these three cohorts, respectively. Statistically
significantly more patients in Cohort 1 than in
Cohort 3 achieved HbA1c \7.0% (33.4 vs.
20.9%, respectively; p = 0.0186). Mean
observed reductions in HbA1c at 12 months
were - 1.7% (Cohort 1), - 1.5% (Cohort 2),
and - 1.3% (Cohort 3).
Conclusions: Simultaneous initiation of BI and
GLP-1 RA achieves glycemic control more
effectively than sequential initiation of BI with
GLP-1 RA added beyond 90 days.
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Key Summary Points

Why carry out this study?

A large proportion of US patients with
type 2 diabetes (T2D) have inadequate
glycemic control.

A basal insulin (BI) in combination with a
glucagon-like peptide-1 receptor agonist
(GLP-1 RA) is highly effective in reducing
glycated hemoglobin (HbA1c).

Is simultaneous initiation of BI and a GLP-1
RA more effective at reducing HbA1c levels
than sequential introduction of these
injectables as recommended by societal
guidelines?

What was learned from the study?

In clinical practice, as reflected in this US
regional database, patients with T2D are
initiated onto BI and GLP-1 RA therapies
at very high levels of HbA1c and high
body mass index.

Among patients with T2D inadequately
controlled on oral antidiabetic
medications, simultaneous initiation of BI
and a GLP-1 RA resulted in significantly
better glycemic control than sequential
initiation of BI and GLP-1 RA with a
between-treatment gap of[90 days.

The longer the gap between the initiation
of BI and that of GLP-1 RA, the poorer the
glycemic control outcome.

INTRODUCTION

In the USA, nearly 50% of patients with type 2
diabetes (T2D) are living with uncontrolled
hyperglycemia [1, 2], despite the introduction
of numerous new diabetes medications over the

past two decades [3, 4]. A retrospective analysis
of US claims data from 1.66 million patients
with T2D showed a declining trend (from 56.4%
in 2006 to 54.2% in 2013; p \ 0.001) in
patients achieving a glycated hemoglobin
(HbA1c) target of \ 7.0%. This was despite the
increase in choice of medications and a signifi-
cant decrease in the proportion of patients not
taking any glucose-lowering agents over the
timeframe. Furthermore, the use of potent
injectable agents, including insulin and gluca-
gon-like peptide-1 receptor agonists (GLP-1
RAs), has significantly increased [5], suggesting
that improvements in the timing and approach
of initiation and intensification of these thera-
pies are required to optimize and sustain gly-
cemic control [6, 7], particularly given the
progressive nature of T2D [8].

Over the past decade, in line with increasing
treatment options, guidelines on when and how
to initiate and intensify treatments in T2D have
continued to evolve [8, 9]. Back in 2009, the
American Diabetes Association/European Asso-
ciation for the Study of Diabetes (ADA/EASD)
consensus algorithm recommended—as the
preferred treatment pathway for most patients
with T2D—the initiation of basal insulin (BI) if
glycemic control was inadequate with one or
more oral antidiabetic drugs (OADs), with GLP-
1 RAs recommended in combination with
metformin in selected clinical settings only [9].
Following the wealth of clinical data in recent
years demonstrating the additional benefits of
GLP-1 RAs beyond glycemic control, such as
cardiovascular risk reduction and weight loss,
the 2019 ADA guidelines further elevated the
priority of GLP-1 RAs as the recommended first
injectable medication following OADs [2].

Seven of eight pathophysiological defects
seen in T2D are addressed by the complemen-
tary mechanisms of action of BI and GLP-1 RAs
[10], and combination therapy with BI and a
GLP-1 RA is highly effective in reducing HbA1c
[2, 11, 12], as well as offering weight neutrality
or weight loss, reduced hypoglycemia risk
compared with BI alone, and a reduced insulin
requirement [13]. These observations have been
noted by several guideline bodies, which now
consider the potential benefits of administrat-
ing both BI and a GLP-1 RA [2, 11].
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Along with the growing armamentarium of
treatment options for T2D, evidence suggests
that initiating combination therapy earlier in
the course of the disease may be more physio-
logically appropriate than a stepwise approach
[14], further complicating the already chal-
lenging task of clinical decision-making in the
management of patients with T2D.

Much can be learned about which treatment
strategies are most effective in everyday clinical
practice through the analysis of large medical
record databases, which can provide informa-
tion on many patients at the point of care [15].
Research Action for Health Network (REACH-
net) is a regional US electronic medical records
database comprising 13 clinical data research
networks funded by the National Patient-Cen-
tered Outcomes Research Network (PCORnet).
It is a collaborative effort between the Louisiana
Public Health Institute, Ochsner Health System,
Partnership for Achieving Total Health, Louisi-
ana State University, Pennington Biomedical
Research Center, Tulane University, and the
University Medical Center, all in Louisiana, as
well as Baylor Scott and White Health in Texas,
and contains demographic and health infor-
mation data, including clinical encounters,
diagnoses, medications, laboratory data, and
procedures on [ 5 million patients of all age,
sex, and race groups.

By carrying out a retrospective, observational
cohort analysis of data extracted from the
REACHnet database, we set out to evaluate
whether simultaneous initiation of BI and a
GLP-1 RA is more effective at reducing HbA1c
than initiating BI and a GLP-1 RA sequentially
in patients with T2D who require treatment
intensification to achieve glycemic control. This
study was planned as a pilot investigation to
inform a more robust and comprehensive study
using a larger database more representative of
the US population in the future.

METHODS

Patients were included in this retrospective
analysis if they had at least one diagnosis of T2D
and associated encounter dates between Jan-
uary 2011 and August 2017 (based on data

availability); were previously uncontrolled on
OADs (HbA1c C 7.0%); had no diagnosis of type
1 diabetes or secondary diabetes at any time;
had received at least one prescription of BI after
the first recorded T2D diagnosis; had received at
least one prescription of GLP-1 RA at the same
timepoint (simultaneous initiation) or subse-
quent (sequential initiation) to their first pre-
scription of BI; had at least one HbA1c
laboratory value recorded during the baseline
period; had at least two HbA1c laboratory values
recorded post-index date; and were C 18 years
of age as of the index date. The date of initiation
of BI was defined as the index date, and baseline
measurements were defined as those taken
within 90 days before and up to the index date.
Data of interest, including baseline demo-
graphics, disease and clinical characteristics,
and HbA1c up to 12 months, were extracted
from REACHnet. There was no patient censor-
ing or exclusion based on other treatments
received, and no missing data imputation was
conducted. All data were censored 1 year after
the index date.

With the extracted data, three different
treatment sequences were investigated: patients
who had simultaneous initiation of BI and GLP-
1 RA therapy (Cohort 1); patients who were
initiated onto BI followed by GLP-1 RA within
90 days (Cohort 2); and patients who were ini-
tiated onto BI followed by initiation of GLP-1
RA therapy beyond 90 days (Cohort 3). As this
was a pilot study, there was interest in observing
whether there was any trend associated with
simultaneous initiation, sequential initiation
with a short time gap, and sequential initiation
with a longer time gap.

The outcomes reported here include the
proportion of patients achieving HbA1c\7.0%
up to 12 months after the index date and
change in HbA1c from baseline up to
12 months after the index date. HbA1c data
were extracted from the database at baseline
and at months 3, 6, 9, and 12 after the patient’s
index date. If data were not available at each
prespecified timepoint, the closest HbA1c labo-
ratory result was taken, provided that it was
within 75 days before and within 15 days after
each prespecified timepoint. If the prespecified
timepoint was the index date, the closest
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preceding laboratory test to the index date (but
within the 90 days before and 15 days after) was
applied. Each month was rounded to 30 days for
HbA1c trend analysis. Only data from patients
with valid results at each timepoint were
included in the analysis, and no imputation for
missing data was made.

Kaplan–Meier analysis was used to estimate
the proportion of patients who achieved HbA1c
\7.0%, and pairwise log-rank tests were used to
compare outcomes between Cohorts 1 and 2, 1
and 3, and 2 and 3. Changes in HbA1c at 3, 6, 9,
and 12 months after the index date were esti-
mated and expressed as the mean ± standard
deviation (SD) unless stated otherwise.

Ethics committee approval was not required
as this was a retrospective observational study of
existing anonymized electronic medical record
data that were collected in daily clinical prac-
tice. No intervention was implemented on the
patients for the purpose of the study, and no
patient-identifiable information was used in the
study.

RESULTS

Retrospective analysis of data from REACHnet
identified 109 patients who qualified for Cohort
1 (simultaneous initiation of BI and a GLP-1
RA), 301 who qualified for Cohort 2 (initiation
of BI followed by sequential initiation of GLP-1
RA within 90 days), and 459 patients who
qualified for Cohort 3 (initiation of BI followed
by sequential initiation of GLP-1 RA with a gap
beyond 90 days). The mean (± SD) length of
time to initiation of GLP-1 RA was
36.9 ± 24.7 days in Cohort 2 and
330.3 ± 273.1 days in Cohort 3; the median
value was 34 days (1.1 month) and 224 days
(7.5 months), respectively. The flowchart of
patient cohort selection is illustrated in Fig 1.

At baseline, the mean (± SD) patient age was
51.4 ± 9.6 (Cohort 1), 52.5 ± 10.7 (Cohort 2),
and 53.9 ± 10.9 years (Cohort 3), and[ 80% of
patients had a body mass index C 30 kg/m2.
HbA1c in Cohorts 1, 2, and 3 was 10.3 ± 2.1%,
10.3 ± 2.0%, and 10.2 ± 2.1%, respectively
(Table 1). Differences between the cohorts were
noted for the proportion of patients with

macrovascular disease, chronic kidney disease,
and congestive heart failure at baseline. How-
ever, no propensity score matching was per-
formed due to the small sample sizes.

The estimated rate of achieving HbA1c
\7.0% at 12 months was highest in Cohort 1
(33.4%), followed by Cohort 2 (24.5%), and
lowest in Cohort 3 (20.9%), with a statistically
significant difference between Cohort 1 and
Cohort 3 (p = 0.0186) and a trend of worsening
outcome from Cohort 1 to Cohort 2 to Cohort 3
(Fig. 2a). The greatest mean observed reductions
in HbA1c occurred within the first 3 months
after the index date and continued to
decrease—to a lesser degree—over the next
3 months in Cohorts 1 and 2. Mean (± SD)
observed HbA1c reductions at 12 months were
largest in Cohort 1 (- 1.7 ± 2.2%), followed by
Cohort 2 (- 1.5 ± 2.5%), and smallest in
Cohort 3 (- 1.3 ± 2.4%; Fig. 2b).

DISCUSSION

A US regional electronic medical records data-
base was used to obtain everyday clinical prac-
tice prescribing and HbA1c data on patients
with T2D taking both BI and a GLP-1 RA after
inadequate glycemic control on OADs. The
purpose of this analysis was to evaluate whether
simultaneous initiation of BI and a GLP-1 RA
would be more effective at reducing HbA1c
than sequential initiation of BI followed by a
GLP-1 RA. The results from this pilot investiga-
tion show that simultaneous initiation resulted
in significantly more patients achieving HbA1c
\7.0% than sequential initiation with a gap
beyond 90 days between commencing BI and a
GLP-1 RA. The likelihood of achieving HbA1c
\7.0% when GLP-1 RA therapy was started
within 90 days after BI therapy was numerically
better than when GLP-1 RA therapy was started
with a gap of [ 90 days, but worse than with
simultaneous initiation. However, the differ-
ence did not reach statistical significance when
Cohort 2 was compared with either Cohort 1 or
Cohort 3, which may be partially due to the
small sample sizes. Taken together, our findings
indicate that more timely treatment intensifi-
cation with combination therapy may improve
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glycemic control in patients with T2D inade-
quately controlled on OADs, which is in line
with evidence from a previous randomized
controlled trial supporting early combination
therapies, despite differences in the specific
drugs [14]. In this study, approximately 50% of
the patients were initiated onto GLP-1 RA
between 90 days and 7.5 months after BI initi-
ation (Cohort 3). However, it is not clear in the
current study whether all patients were still
taking both injectable medications at
12 months because we did not implement an
algorithm to ensure that this was the case for all
patients included in the analysis. This will be
investigated in a more robust and detailed
analysis of a much larger database in our next
study.

Although current guidelines advocate the
initiation of a GLP-1 RA as the first
injectable medication for the intensification of
glycemic control in most cases [2], the data

collection period in the current study was from
2011 to 2017—before the most recent profes-
sional recommendations that are based on the
latest plethora of evidence indicating cardio-
vascular benefits with the GLP-1 RA class of
medications [16–18]. Regardless of guidelines,
the database is reflective of actual prescribing
behavior in everyday clinical practice during
the study period. This finding offers an inter-
esting insight into real-world prescribing. Our
next planned database analysis will also include
another cohort of patients who are initiated
onto GLP-1 RAs before BI.

Early treatment intensification is particularly
relevant for patients with high HbA1c values, as
per the latest ADA’s Standards of Medical Care
in Diabetes recommendation of combining
GLP-1 RA and BI in patients with HbA1c
[10.0% or HbA1c [2% above the target [2].
Our data show that many patients with T2D
had a mean baseline HbA1c [10% across all

Fig. 1 Flowchart of patient cohort selection. BI Basal insulin, GLP-1 RA glucagon-like peptide-1 receptor agonist, HbA1c
glycated hemoglobin, T1D type 1 diabetes, T2D type 2 diabetes
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Table 1 Baseline demographics and clinical, disease, and index date characteristics

Characteristics Cohort 1 (n = 109)a Cohort 2 (n = 301)b Cohort 3 (n = 459)c

Age, years

Mean ± SD 51.4 ± 9.6 52.5 ± 10.7 53.9 ± 10.9

Median 52.0 53.0 55.0

Sex, n (%)

Male 62 (56.9) 135 (44.9) 218 (47.5)

Female 47 (43.1) 166 (55.1) 241 (52.5)

Race, n (%)

White 72 (66.1) 183 (60.8) 282 (61.4)

Black or African American 30 (27.5) 114 (37.9) 162 (35.3)

Asian 2 (1.8) 1 (0.3) 9 (2.0)

Patients with C 1 OAD, n (%)d 63 (57.8) 181 (60.1) 232 (50.5)

BMI (kg/m2)

Mean ± SD 38.0 ± 8.8 35.9 ± 7.0 36.4 ± 8.3

Median 37.0 35.0 35.0

\ 25, n (%) 3 (2.8) 5 (1.7) 16 (3.7)

C 25 and\ 30, n (%) 14 (13.0) 39 (13.4) 69 (15.9)

C 30, n (%) 91 (84.3) 247 (84.9) 349 (80.4)

HbA1c (%)

Mean ± SD 10.3 ± 2.1 10.3 ± 2.0 10.2 ± 2.1

Median 10.3 10.0 9.7

T2D-related complications, n (%)

Microvascular 59 (54.1) 162 (53.8) 200 (43.6)

Macrovascular 16 (14.7) 77 (25.6) 135 (29.4)

Othere

Hypoglycemia 39 (35.8) 109 (36.2) 123 (26.8)

Infection 25 (22.9) 77 (25.6) 143 (31.2)

Comorbidities, n (%)

Hypertension 78 (71.6) 236 (78.4) 358 (78.0)

Dyslipidemia 75 (68.8) 213 (70.8) 330 (71.9)

Chronic kidney disease 9 (8.3) 32 (10.6) 53 (11.5)

Depression 12 (11.0) 38 (12.6) 47 (10.2)

Congestive heart failure 3 (2.8) 20 (6.6) 33 (7.2)
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three cohorts, which is around the recom-
mended level for combination therapy. Thus,
our study results provide another piece of real-
world evidence in support of the professional
guidelines with respect to the recommended
starting HbA1c level for BI ? GLP-1 RA combi-
nation therapy and also defend the simultane-
ous approach to therapy, which is not
specifically recommended in guidelines except
under certain conditions. Furthermore, hypo-
glycemia and infection rates were high at base-
line, consistent with patients who have already
been inadequately controlled on OADs and
require substantial treatment intensification. In
such a population, high morbidity would be
anticipated, and it is important to lower the
HbA1c level to a near-normal level with potent
and safer combinations of BI ? GLP-1 RAs
instead of multiple insulin injections.

Although we defined an HbA1c of 7% as the
threshold for adequate glycemic control, we
recognize that HbA1c targets should be indi-
vidualized. A limitation of this real-world

database was that it did not collect individual
HbA1c targets. Nevertheless, ADA guidelines
recommend \7% as a reasonable HbA1c goal
for many adults [2], and this target was chosen
for that reason.

The REACHnet electronic medical records
database is a regional PCORnet database, and
most of the data obtained were from 2013 to
2016, pre-dating the recent substantial increase
in GLP-1 RA use and the more recently mar-
keted GLP-1 RAs, as well as the availability of
the fixed-ratio combination therapies. As the
choice of treatment was at the discretion of the
physician, the lack of randomization may have
confounded the comparison between cohorts.
Additionally, there were some limitations in the
database with respect to collection of informa-
tion that would have better classified the
patients being treated and their response to
intensification with injectable agents. We were
unable to obtain a reliable estimate of the
duration of diabetes at baseline or the details of
the type and number of specific OADs patients

Table 1 continued

Characteristics Cohort 1 (n = 109)a Cohort 2 (n = 301)b Cohort 3 (n = 459)c

Index date year, n (%)f

2011 0 0 4 (0.9)

2012 0 1 (0.3) 7 (1.5)

2013 13 (11.9) 67 (22.3) 101 (22.0)

2014 34 (31.2) 78 (25.9) 184 (40.1)

2015 32 (29.4) 76 (25.2) 104 (22.7)

2016 30 (27.5) 73 (24.3) 57 (12.4)

2017 0 6 (2.0) 2 (0.4)

Baseline measurements were taken within 90 days before and up to the index date
BMI body mass index, GLP-1 RA glucagon-like peptide-1 receptor agonist, OAD oral antidiabetic drug, SD standard
deviation, T2D type 2 diabetes
a Cohort 1: simultaneous initiation of basal insulin (BI) and GLP-1 RA
b Cohort 2: BI initiation followed by GLP-1 RA within 90 days
c Cohort 3: BI initiation followed by GLP-1 RA beyond 90 days
d The percentages of patients on C 1 OADs could have been underestimated due to the limitations of data collection
e Measured during baseline period and identified using ICD-9/ICD-10 diagnosis codes
f The date of initiation of BI was defined as the index date
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were taking. There were no feasible records of
the titration of the doses of the injectable med-
ications and/or patients’ adherence to

medication dose during the observation period.
Furthermore, information on the impact of
treatment intensification on body weight over

Fig. 2 Proportion of patients achieving HbA1c value
\ 7.0% (a) and mean change in HbA1c values from 3 to
12 months (b). Cohorts 1, 2, and 3 are as defined in Fig. 1
caption. Asterisk indicates significant difference at
p\ 0.05. SD standard deviation. Sample size indicates

number of patients for whom data were available at the
prespecified timepoint or within the prespecified param-
eter for that timepoint. Index date was defined as the date
of initiation of BI
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the observation period was not available, and
neither was information on whether patients
received any concurrent lifestyle education
information during that time. These factors will
be taken into consideration in our subsequent
database study.

The baseline data show that patients in
Cohorts 2 and 3 appear to have progressively
more comorbidities, including macrovascular
disease, chronic kidney disease, and congestive
heart failure, than patients in Cohort 1, which
could influence the choice of therapy and the
target HbA1c. As the sample size of our study
population was quite small and this was a real-
world retrospective review of clinical practice,
our analysis of baseline characteristics was
purely descriptive, and it is not possible for us to
make any assumptions regarding the impact of
baseline characteristics on treatment choice or
target HbA1c. Similarly, there are a number of
other covariates that could have contributed to
the outcome measures seen, but no adjustments
were made for these, and the study sample size
was too small to carry out multivariate analyses.
Both these limitations of the current pilot
analysis will be investigated in greater depth in
our next study.

It is important to note that the combination
of two injectable medications may increase
costs and side effects versus either
injectable medication alone. This possibility
should be weighed against the consequences of
poor glycemic control, which could lead to
more costly complications and healthcare
resource utilizations. Fixed-ratio combination
therapies are, however, less expensive than the
individual components, and the incidence of
gastrointestinal adverse events is less due to
gradual titration than with the use of individual
components.

Given the limitations of our study, as dis-
cussed above, as well as the constraints inherent
to retrospective analyses of electronic medical
records [19], our findings should be interpreted
cautiously. Nevertheless, this study provides
some interesting insights into the impact of
simultaneous versus sequential initiation of BI
and GLP-1 RA for the clinical community. We
plan to apply the lessons learned from this
study to help improve the methodology of our

next study, which will be conducted using a
much larger database that is more representa-
tive of the US population.

CONCLUSIONS

Within the constraints of the study limitations,
our analysis of a US regional database shows
that, among patients with T2D inadequately
controlled on OADs, simultaneous initiation of
BI and a GLP-1 RA resulted in significantly bet-
ter glycemic control than sequential initiation
of BI and GLP-1 RA with a gap beyond 90 days,
suggesting that the longer the gap between the
initiation of BI and GLP-1 RA therapy, the
poorer the glycemic control outcome. These
results provide real-world evidence in line with
the latest ADA/EASD recommendation of com-
bination therapy with GLP-1 RA and BI in
patients with high HbA1c levels. More robust
analysis of a larger database will provide further
information on prescribing patterns and health
outcomes in the management of patients with
T2D in everyday clinical practice.
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