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1 | INTRODUCTION

| Luigi F. Meneghini MD?

Aim: To evaluate the effect of delaying treatment intensification with a glucagon-like peptide-1 recep-
tor agonist (GLP-1 RA) on clinical and economic outcomes in patients with type 2 diabetes (T2D).
Methods: We conducted a retrospective observational claims study using IMPACT (Impact
National Managed Care Benchmark Database) in adult patients with T2D who initiated basal
insulin between January 1, 2005 and December 31, 2012, with or without OADs, who
remained uncontrolled (glycated haemoglobin [HbA1c] 27.0%). Patients were categorized into
3 groups: early, delayed, and no intensification with a GLP-1 RA. We evaluated changes from
baseline to follow-up at 12 months for HbAlc level, rate of hypoglycaemic events, and health-
care costs, and we assessed the association between baseline patient characteristics and subse-
quent treatment intensification.

Results: A total of 139 patients (9.0% of 1552 eligible patients) met criteria for inclusion in the
early intensification group, 588 patients (37.9%) met criteria for inclusion in the delayed inten-
sification group, and 825 patients (53.2%) met criteria for inclusion in the no intensification
group. Mean baseline HbA1c values were 9.16%, 9.07%, and 9.34%, respectively. At follow-up,
delayed intensification was associated with significantly smaller decreases in HbA1c from base-
line (-0.68%) compared with early intensification (-1.01%). Rates of overall hypoglycaemia
were numerically greater in the delayed intensification group than in the early intensification
group (0.26 vs 0.06 events/patient-years of exposure, respectively). Change in semi-annual
total healthcare costs was greater in the no intensification group (+5266 USD) compared with
the early intensification group (-560 USD) and the delayed intensification group (+1943 USD).
Conclusions: Timely addition of a GLP-1 RA to therapy for patients with T2D who were not
adequately controlled with basal insulin is associated with better clinical and economic

outcomes.
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more recent ADA guidelines,? recommend a timely stepwise approach to

treatment intensification for patients with type 2 diabetes (T2D) who do
Guidelines jointly issued by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD),! and the

not achieve or maintain glycaemic targets. Because of the progressive

nature of T2D, many patients will eventually need to progress from
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metformin monotherapy, through dual and/or triple therapies, to combi-
nation injectable therapy. Guidelines note that initial combination therapy
using metformin plus a second agent may be better than sequential ther-
apy, allowing patients to more rapidly achieve glycated haemoglobin
(HbA1c) targets.»® This approach is suggested to be appropriate for
patients with more elevated HbA1c levels (eg, 29.0%) who are considered
unlikely to achieve glycaemic targets using metformin monotherapy.

When injectable therapy is appropriate, the latest ADA guidelines
recommend starting with a basal insulin replacement and, if needed,
intensifying treatment by adding either a prandial insulin, a glucagon-
like peptide-1 receptor agonist (GLP-1 RA), or switching to a pre-
mixed insulin.? The latest AACE/ACE guidelines also recommend
starting with basal insulin and intensifying, if needed, with either
prandial insulin or a GLP-1 RA, a sodium glucose co-transporter 2 -
(SGLT2) inhibitor, or a dipeptidyl peptidase-4 (DPP-4) inhibitor.>

Recent studies have demonstrated the effectiveness of combining a
GLP-1 RA (either shorter- or longer-acting weekly formulations) with basal
insulin, where addition of a GLP-1 RA was associated with either equiva-
lent or slightly better glycaemic control than that with the addition of
prandial insulin, combined with weight loss and lower risk of
hypoglycemia.*~” Available data suggest that either a GLP-1 RA or pran-
dial insulin may be appropriate, and that a GLP-1 RA might be a safer
option.4®?

For patients with T2D, there is evidence that early initiation of anti-
hyperglycaemic therapy and prompt treatment intensification, when
appropriate, reduce the risk of de novo or worsening micro- and macro-
vascular complications.*® Additionally, timely initiation and intensification
of treatment are more likely to result in the desired glycaemic control,
whereas delaying therapy until HbA1c is elevated (the so called “treat-to-

fail”  approach) treatment

11,12

predicts  suboptimal response to
interventions.
Despite guideline recommendations, only 52.5% of patients with
T2D in the US reached a glycaemic target of HbAlc < 7.0% from
2007 to 2010.* Similarly, reports from around the world describe
that glycaemic control (HbAlc <7.0%) was reported in 31.1% of
urban and 30.8% of rural patients in India, and in 39.7% of patients
in China.®®> And, across 9 European countries (Belgium, France, Ger-
many, Greece, ltaly, Netherlands, Spain, Turkey, UK), 37.4% of
patients had not achieved their glycaemic target of HbA1c < 7.0%.1¢
Despite general awareness of the disconnect between recom-
mended treatment targets and achievement in clinical practice, clinical
inertia or the failure to intensify treatment in a timely manner when
patients do not reach recommended glycaemic targets, remains a global
problem.}” Numerous studies have shown that multiple complex factors
can act as barriers to treatment intensification and contribute to clinical
inertia. These include: physician reluctance to prescribe injectable
agents for patients with uncontrolled T2D despite the use of multiple
OADs,*® poor communication between physicians and patients,*” rudi-
mentary patient understanding of the importance of maintaining good
glycaemic control and of the risks of complications associated with poor

control,*”

patient resistance to treatment escalation related to fears
concerning therapy or the implications of treatment intensification con-
cerning disease progression,'? poor self-management skills,'® and dis-
continuation of injectable therapy because of patient concerns such as

fear of needles and associated pain.?°

It has been suggested that clinical inertia is a factor that contrib-
utes to poor outcomes in patients with T2D, resulting in increased
healthcare utilization and associated costs.?*?? The incentive to
develop effective strategies to overcome clinical inertia and improve
management of T2D will require a deeper understanding of the
drivers of, and contributors to, clinical inertia, as well as the effects of
clinical inertia on clinical outcomes and the economic burden result-
ing from delayed treatment intensification.

The objective of this study was to evaluate the effect of delaying
treatment intensification with a GLP-1 RA on longitudinal change in
clinical outcomes and economic burden in patients with T2D who are

inadequately controlled with basal insulin.

2 | RESEARCH DESIGN AND METHODS

2.1 | Study design and eligibility criteria

We conducted a retrospective observational study using the IMPACT™
(Impact National Managed Care Benchmark Database) health insurance
database, a large US administrative claims database. Data from IMPACT
provides information concerning paid medical and prescription claims
and enrollment for national participants in commercial insurance plans
of a large US managed care health insurance company (UnitedHealth
Group and regional payers). It comprises approximately 50 US health-
care plans and contains medical claims (inpatient, outpatient and emer-
gency department), pharmacy claims, and eligibility data, as well as
laboratory results and associated costs, for 107 million patients, of
whom 73% had pharmacy benefits and 18% had laboratory results.

The study design is shown in Figure 1. Adult patients 218 years
of age at the time of basal initiation, with a diagnosis of T2D
(International Classification of Diseases, Ninth Revision, Clinical Mod-
ification [ICD-9-CM] diagnosis codes 9 250.x0 or 250.x2)%® were eli-
gible for inclusion in the study. Eligible patients were insulin naive,
and initiated basal insulin between January 1, 2005 and December
31, 2012. This time span allowed for inclusion of a sufficient number
of patients with up to 3 years of follow-up data after initiation of
basal insulin. All included patients had continuous medical/pharmacy
enrolment for at least 6 months prior to initiating basal insulin.

For the purpose of this analysis, patients whose glycaemic control
remained inadequate (HbA1c > 7.0%) following addition of basal insulin
were selected, and were categorized into 3 groups: (1) the early intensi-
fication group underwent treatment intensification with a GLP-1 RA <
6 months after basal insulin initiation; (2) the delayed intensification
group underwent treatment intensification with a GLP-1 RA > 6-24
months after basal insulin initiation; and (3) the no intensification group
had no reported use of any additional injectable treatments, including
GLP-1 RAs, prandial insulin or premixed insulin, within 24 months after
initiation of basal insulin. As routine, the last HbA1c value prior to GLP-
1 RA initiation (or at 24 months for the no intensification group) was
used as the representative HbA1c. If this HbA1c value was closest to
the index date was still 27.0%, the patient was deemed to have uncon-
trolled T2D, and qualified for inclusion in the study.

To complement the main analysis, a subgroup analysis was performed

by selecting patients receiving basal insulin who had HbA1lc > 8.0%
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Inclusion criteria:

¢ Patients with T2D

*Age = 18 years

¢ Basal insulin initiator

* HbA1c =7.0% prior to
intensification with a GLP-1 RA

* No prandial insulin

Baseline:

e Post basal insulin initiation, and prior to
intensification with a GLP-1 RA

¢ No other insulin

* HbA1c =7.0%

6 months

Index date
Enrolment

(=6 months) Follow-up

Delayed intensification group

Initiate

Baseline

basal 6 months

insulin
¢ Insulin naive

GLP-1 RA added within

7—24 months post basal insulin
initiation

12 months

*No GLP-1 RA
7—24 months post

basal insulin initiation

llndex date Follow-up No intensification grou
Baseline No GLP-1 RA added within

6 months

24 months post basal insulin
initiation

12 months

24 months post
basal insulin initiation

FIGURE 1  Study design. Abbreviations: GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbAlc, glycated haemoglobin; T2D, type
2 diabetes. A detailed explanation of the study design can be found in the main text (Research Design and Methods)

during the 6-month period prior to GLP-1 RA intensification. This was
undertaken to ensure that the results are relevant in a real-world clinical
setting where additional injectable therapy may not be initiated in patients
with HbAlc < 8.0%. Results from the subgroup analysis are reported in
Appendix S1.

In addition to injectables, patients could receive OADs. Changes
in OAD therapy and use of injectable agents additional to GLP-1 RAs
over the study period were not captured. The index date for early
and delayed intensification groups was defined as the initiation date
of GLP-1 RA treatment, whereas the index date for the no intensifi-
cation group was defined as 24 months after basal insulin initiation. A
6-month cut-off point, to distinguish between early and delayed
intensification groups, was chosen based on T2D guidelines that rec-
ommend evaluation of patients for treatment intensification every
3-6 months.} 732425 Baseline and follow-up periods were defined as
the 6-month period pre-index date and the 12-month period post-
index date, respectively. Additionally, patients were required to meet
the following criteria: (1) no reported use of injectable T2D treat-
ments prior to the index date, including use of GLP-1 RAs, prandial
insulin or premixed insulin; and (2) =1 basal insulin prescription

12 months after the index date.

2.2 | Clinical outcomes

Patient characteristics at baseline, including demographics (age,
gender), Charlson Comorbidity Index (CCl) score, comorbidities,
OAD use, hypoglycaemia, and semi-annual healthcare costs, were
described for the 3 groups. Time to treatment intensification was cal-
culated from pharmacy records as the time from initiation of basal

insulin to first claim for a GLP-1 RA. Factors associated with time to

treatment intensification during the 6-month period prior to basal
insulin initiation were assessed.

Additionally, changes from baseline to follow-up were evaluated for
HbA1c and the rate of hypoglycaemic events per patient-years of expo-
sure (PYE). Hypoglycaemic events were identified by ICD-9-CM diagno-
sis codes 251.0, 251.1, 251.2, and 270.3 for hypoglycaemia, or an ICD-
9-CM diagnosis code 9250.8x without diagnosis codes 259.8, 272.7,
681.xx, 682.xx, 686.9x, 707.1-707.9, 709.3, 730.0-730.2, or 731.8. The
setting (outpatient or inpatient/emergency department) of a hypoglycae-
mic event was considered as a proxy for severity of the event (ie, severe
event when medically attended and resulted in a healthcare encounter).

2.3 | Economic outcomes

Semi-annual healthcare costs (USD adjusted to the year 2011) were
described at baseline for the 3 groups. Total healthcare costs consisted
of claims-based actual costs captured from the IMPACT database.
These included total inpatient, outpatient, emergency department, and
prescription drug costs. Changes in semi-annual total healthcare costs
and diabetes-related costs from baseline to follow-up were evaluated.

2.4 | Statistical analyses

Descriptive statistics were reported for patients' demographic and
baseline characteristics, while univariate group comparisons were
conducted using X2 tests for categorical variables and 2-sample
t-tests for continuous variables. Multivariable generalized linear
mixed models with patients as random effects were used to assess
the effect of time to intensification on changes in clinical and eco-

nomic outcomes from baseline to follow-up, accounting for patients'
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Patients (age = 18 years) with
T2D in the IMPACT™ database
who initiated basal insulin
N =180 886

Patients who initiated basal insulin between
1 January 2005 and 31 December 2012
N =101 689

Patients who had:

* > 6 months enrolment prior to basal insulin initiation
* 12 months enrolment post-index date
N =19 800

Patients who had:

¢ > 6 months enrolment prior to basal insulin initiation
¢ 12 months enrolment post-index date
e HbA1c = 7.0% post-basal insulin initiation and prior to
GLP-1 RA intensification
N = 1552

!

!

Early intensification

Intensification with a GLP-1 RA
< 6 months post-basal insulin
initiation
n =139 (9.0%)

Delayed intensification

Intensification with a GLP-1 RA
7—24 months post-basal insulin
initiation
n = 588 (37.9%)

No intensification

No intensification with a GLP-1
RA within 24-months post-basal
insulin initiation
n = 825 (53.2%)

FIGURE 2 Patient disposition. Abbreviations: GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1lc, glycated haemoglobin; T2D, type

2 diabetes

demographic and clinical characteristics. Variables with a P value <.1
in univariate analyses were entered into the multivariable model as
covariates. Rates of hypoglycaemic events were assessed in a Poisson
regression with log link function. Total healthcare costs were ana-
lysed using a generalized linear model, assuming a negative binomial
distribution and log link function. A multivariable Cox proportional
hazards regression model was used to evaluate the association
between patients' characteristics and days to treatment intensifica-

tion, adjusting for baseline characteristics.

3 | RESULTS

3.1 | Patient baseline demographics and clinical
characteristics

Patient disposition is summarized in Figure 2. Of the 1552 patients
who were eligible for inclusion in the study, 139 (9.0%) met criteria
for inclusion in the early intensification group, 588 (37.9%) met cri-
teria for inclusion in the delayed intensification group, and
825 (53.2%) met criteria for inclusion in the no intensification group.

Patient baseline demographics and clinical characteristics are sum-
marized in Table 1. Mean HbA1c values were elevated at baseline in
each of the groups (early intensification: 9.16%; delayed intensification:
9.07%; no intensification: 9.34%). Age, CCl score, diagnosis of obesity,
number of OADs used, and total outpatient costs all differed signifi-
cantly at baseline among the groups. Compared with the other groups,
patients in the early intensification group were younger, had higher
outpatient costs, had higher rates of hospitalization and endocrinology
visits, were more likely to be obese, and were more likely to use a
higher number of OADs during the baseline period. In the delayed
intensification group, patients had a lower CCl score and a slightly
lower mean HbA1c value. In the no intensification group, patients were

older and more likely to use fewer OADs during the baseline period.

3.2 | Change in glycaemic control

At follow-up after 12 months, a significant reduction in HbAlc from
baseline was seen in the intensification groups (Figure 3). The least
squares (LS) mean HbA1c reduction from baseline was significantly
greater (P < .001) in the early intensification group (from 9.16% to
8.01%; decrease of 1.01%) than in the delayed intensification group
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TABLE1 Patient baseline demographics and clinical characteristics

Patient profile

Baseline characteristics (6 months prior to GLP-1 RA initiation)

WILEY--2%

Early intensification

Delayed intensification

No intensification

Overall P value

(n = 139) (n = 588) (n = 825)
Female, n (%) 66 (47.5) 272 (46.3) 349 (42.3) 2445
Age in years, mean 4 SD (median) 50.8 + 9.4 (52.0) 53.5 + 8.9 (54.0) 55.0 + 10.0 (56.0) 0018%b<
Baseline HbA1lc, % mean £ SD (median) 9.16 + 1.57 (8.70) 9.07 £+ 1.67 (8.60) 9.34 + 1.83 (9.00) 015P¢
CClI score (excluding diabetes), mean & SD (median) 0.6 & 1.2 (0.0) 0.4 + 0.8 (0.0) 0.6 + 1.1 (0.0 043¢
Comorbidities
Obesity, n (%) 35(25.1) 88 (14.9) 69 (8.3) <.00012P
Gastrointestinal disease?, n (%) 23 (16.5) 67 (11.3) 111 (13.4) 2184
Macrovascular disease€, n (%) 23 (16.5) 67 (11.3) 104 (12.6) 2533
Microvascular disease’, n (%) 40 (28.7) 201 (34.1) 236 (28.6) .0709
Number of OADs, mean + SD (median) 1.99 + 1.04 (2.00) 1.9 + 1.0 (2.0) 1.6 + 1.03 (2.60) <.0001b<
Types of OAD, n (%)
Metformin 105 (75.5%) 412 (70.0%) 519 (62.9%) .0013P¢
TZD 47 (33.8%) 165 (28.0%) 197 (23.8%) .0239°¢
Sulfonylureas 83 (59.7%) 322 (54.7%) 399 (48.3%) .0089
DPP-4 inhibitors 35 (25.1%) 152 (25.8%) 147 (17.8%) .0008P<
Hypoglycaemia
Any hypoglycaemia, n (%) 6 (4.3) 20 (3.4) 31(3.7) .8598
Hypoglycaemia, events per PYE, mean + SD 0.05 + 0.250 (0.000) 0.17 + 2.32 (0.000) 0.15 + 1.5 (0.000) 7659
(median)
Semi-annual healthcare costs®, USD, mean + SD
(median)
Total costs 10 851 + 14 468 (5660) 8038 + 13 361 (4776) 8460 + 13 920 (4290) .0945
Total inpatient costs 3023 + 10 922 (0) 1755 + 11 002 (0) 2336 + 10 132 (0) 3633
Total outpatient costs 4205 4 8826 (1758) 2652 4 5318 (1173) 2668 £ 4993 (907) 00292
Total ED department costs 296 + 1256 (0) 267 + 987 (0) 294 + 1120 (0) .8885
Total prescription drug costs 3327 + 2672 (2737) 3364 + 2682 (2825) 3162 + 4708 (2308) .6135
Healthcare utilization, mean + SD (median)
Hospitalization 0.13 + 0.34 [0.00] 0.07 4+ 0.36 [0.00] 0.10 + 0.36 [0.00] 1299
Diabetes related hospitalization 0.12 + 0.33 [0.00] 0.06 + 0.30 [0.00] 0.09 + 0.32 [0.00] .0563
Office visits 10.22 + 7.49 [9.00] 7.89 + 6.53 [6.00] 7.48 4+ 9.96 [5.00] .0024
Diabetes related office visits 5.48 + 2.56 [5.00] 4.03 + 3.17 [3.00] 3.50 + 6.85 [3.00] .0002
Endocrinologist visits 1.61 + 1.83 [1.00] 0.95 + 1.40 [0.00] 0.31 + 0.81 [0.00] <.0001
Diabetes related endocrinologist visits 1.59 + 1.81 [1.00] 0.93 + 1.37 [0.00] 0.29 + 0.78 [0.00] <.0001

Abbreviations: CCl, Charlson Comorbidity Index; DPP-4, dipeptidyl peptidase-4; ED, emergency department; OAD, oral antidiabetes drug; PYE, patient-

year of exposure; SD, standard deviation; TZD, thiazolidinedione.
2 P < .05 for early intensification vs delayed intensification.
b P < 05 for early intensification vs no intensification group.

€ P < .05 for delayed intensification vs no intensification.

9 Includes nausea, vomiting, diarrhoea, constipation, abdominal pain, and stomach disorders.

¢ Myocardial infarction, congestive heart failure, peripheral vascular disease, and stroke.

f Retinopathy, neuropathy, and nephropathy.

& Unadjusted semi-annual costs.

(from 9.07% to 8.39%:; decrease of 0.68%) and the no intensification
group (from 9.32% to 9.12%; decrease of 0.20%). In the early and
delayed intensification groups, the LS mean reduction in HbAlc was

significantly greater (P < .001) than in the no intensification group.

3.3 | Change in hypoglycaemia rate

The rates of hypoglycaemic events per PYE according to treatment

group are shown in Table 2. In patients who underwent treatment

intensification with a GLP-1 RA, a trend towards decreased rates of
overall hypoglycaemia and outpatient hypoglycaemia was seen from
baseline to follow-up. Conversely, for patients in the no intensification
group, there was a trend towards increased rates of overall hypogly-
caemia and outpatient hypoglycaemia from baseline to follow-up.
Compared with the group who received delayed intensification
with a GLP-1 RA, numerically lower rates of overall hypoglycaemia
(-35%; relative risk ratio, 0.65; 95% Confidence interval [CI]; 0.35,
1.23) and of outpatient hypoglycaemia (-33%; relative risk ratio,
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é Early intensification group
Delayed intensification group
—a— No intensification group
0
Baseline 6-Month follow-up 12-Month follow-up
*P < .0001 vs No intensification group; **P < .0001 vs Delayed intensification group.
FIGURE 3 LS mean change in HbAlc value over time according to treatment intensification group. Abbreviations: HbA1c, glycated
haemoglobin; LS, least squares
TABLE 2 Rates of hypoglycaemic events per PYE and relative risk ratios among groups
. e e Delayed . e e
E?;': Ir(\:e:sif:;;?tlon intensification erlljnt(e:s;flacgél)on Relative risk ratio (95% ClI)
group group (n = 588) group
Early Early Delayed
Qe Baseline 12-month Baseline 12-month Baseline 12-month intensification vs intensification intensification
follow-up follow-up follow-up Delayed vs No vs No
intensification intensification intensification
Overall 0.10 (0.50) 0.06 (0.52) 0.34 (4.60) 0.26 (1.83) 0.30(2.98) 0.36 (3.66) 0.65(0.35,1.23) 0.84 (0.45, 0.96 (0.79, 1.16)
hypoglycaemic 1.87)
events per PYE?
Outpatient 0.08 (0.44) 0.04 (0.51) 0.30 (4.44) 0.24 (1.79) 0.26 (2.88) 0.32(3.57) 0.67 (0.32, 1.39) 0.85 (0.41, 0.94 (0.77, 1.15)
hypoglycaemic 1.75)
events per PYE?
Inpatient/ED 0.02 (0.24) 0.02(0.12) 0.02(0.28) 0.02 (0.16) 0.02 (0.24) 0.04 (0.24) n.a. n.a. n.a.

hypoglycaemic
events per PYE?

Abbreviations: Cl, confidence interval; ED, emergency department; n.a., not available, as model did not converge because of small sample size; PYE,

patient-years of exposure.

@ Data are shown as mean =+ SD.

0.67; 95% Cl; 0.32, 1.39) were reported for the group that received
early intensification with a GLP-1 RA. Comparing the early intensifi-
cation group with the no intensification group, a similar trend
towards lower overall hypoglycaemia and outpatient hypoglycaemia

was observed.

3.4 | Change in semi-annual healthcare costs

The change in LS means semi-annual total healthcare costs over time,
according to treatment group, is shown in Figure 4. From baseline to
follow-up, the increase in LS mean semi-annual total healthcare costs
was significantly greater in the no intensification group (+5260 USD;
from 6926 USD to 12 192 USD) compared with the early intensifica-
tion group (-560 USD; from 9581 USD to 9021 USD; P = .0011) and
the delayed intensification group (+1943 USD; from 7780 USD to
9723 USD; P = .001).

3.5 | Factors associated with treatment
intensification with a GLP-1 RA

We investigated baseline factors (ascertained from the 6-month
period immediately prior to basal insulin initiation) that were associ-
ated with treatment intensification with a GLP-1 RA. Comparing the

early and delayed intensification groups, factors associated with a sig-
nificantly increased likelihood of early treatment intensification were:
younger age (Odds Ratio [OR], 0.967 [Cl; 0.947-0.987]), higher CCI
score (OR, 1.253; [Cl; 1.043-1.505]), and diagnosis of obesity (OR,
1.750 [CI; 1.113-2.751]). Comparing patients who underwent treat-
ment intensification (early and delayed intensification groups) with
patients in the no intensification group, baseline factors associated
with a significantly greater likelihood of undergoing treatment intensifi-
cation were: younger age (OR, 0.980 [Cl; 0.969-0.990]), lower CCl
score (OR, 0.892 [Cl; 0.803-0.990]), higher OAD usage (OR, 1.374 [CI;
1.240-1.552]) and diagnosis of obesity (OR, 2.269 [Cl; 1.645-3.130]).

3.6 | Factors associated with timing of
intensification with a GLP-1 RA

The median time to treatment intensification with a GLP-1 RA was
111 days for the early intensification group and 540 days for the
delayed intensification group. Results of the multivariable Cox regres-
sion analysis for time to treatment intensification are shown in
Table 3. Time to treatment intensification with a GLP-1 RA was sig-
nificantly longer in older patients (hazard ratio [HR], 0.98 [for each 1-

year increase in age]; 95% Cl; 0.97, 0.99) and was inversely
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FIGURE 4 LS mean change in semi-annual total healthcare costs over time according to treatment intensification group. Abbreviation: LS, least

squares

TABLE 3 Multivariable Cox regression for time to intensification
with a GLP-1 RA

Outcome Hazard ratio 95% ClI P value
Age at index date 0.979 0.971, 0.986 <.0001
Number of OADs at
baseline (ref = 0)
1 1.253, 2.208 .0004
2 1.372,2.335 <.0001
3 1.558, 2.754 <.0001
24 1.605, 3.893 <.0001
Diagnosis of obesity 1434 1.179, 1.744 .0003

(Yes vs No)

Abbreviations: Cl, confidence interval; OAD, oral antidiabetes drug.

correlated with the number of OADs used at baseline. A diagnosis of
obesity was significantly associated with a shorter time to treatment
intensification (HR, 1.4; 95% ClI; 1.2, 1.7).

4 | DISCUSSION

In patients with T2D who do not meet glycaemic goals, the impor-
tance of timely treatment intensification, when appropriate, has been
emphasized by international clinical guidelines. Despite this, clinical
inertia remains a major barrier to optimal diabetes care, contributing
to poor outcomes and increased healthcare costs.

Using data from a large administrative claims database, represen-
tative of a large proportion of the US population, this study revealed
that only 9.0% of patients who failed to meet HbAlc targets using
basal insulin (with or without 1 or more OADs) underwent treatment
intensification with a GLP-1 RA within 6 months of insulin initiation.
The majority (53.2%) underwent no treatment intensification with
any injectable therapy, and the remaining 37.9% of patients under-
went delayed intensification with a GLP-1 RA between 7 and
12 months after basal insulin initiation.

At follow-up after 12 months, compared with early intensifica-
tion, delayed intensification with a GLP-1 RA was shown to be associ-
ated with significantly smaller decreases in HbAlc from baseline, and
numerically greater rates of overall and outpatient hypoglycaemia.

Compared with treatment intensification with a GLP-1 RA (early or

delayed), no treatment intensification was associated with significantly
lower reduction in HbAlc, and a trend towards increased rates of
hypoglycaemia. Because of their glucose-dependent mechanism of
action, GLP-1 RAs are typically associated with low rates of minor
hypoglycaemic events.?¢~%° Furthermore, in clinical trials, the majority
of hypoglycaemic events with GLP-1 RAs occurred with concomitant
use of insulin or insulin secretagogues.®! To avoid hypoglycaemia, it is
recommended to lower the dose of these agents when adding a GLP-
1RA32

At follow-up after 12 months, reduction in semi-annual total health-
care costs from baseline was significantly greater in the early intensifica-
tion group than in the delayed or no intensification groups, despite
addition of an expensive therapy, such as a GLP-1 RA. Considering data
for ‘factors associated with intensification’ alongside ‘total cost over time
by intensification group,” younger age, lower CCl scores, and higher obe-
sity are associated with a greater likelihood of intensification, which is in
turn associated with lower costs. The association between obesity and a
greater likelihood of treatment intensification with a GLP-1 RA might be
expected. Most clinical trials and meta-analyses concerning the use of
GLP-1 RAs, in patients with or without T2D, have demonstrated weight
reduction as a primary or secondary treatment outcome.3 It is possible
that physicians are more likely to intensify therapy with a GLP-1 RA for
obese and younger patients because of the added benefit of weight loss
in addition to improved glycaemic control.

Patient selection for treatment intensification is known to be
associated with an inherent bias, where, for example, younger
patients tend to be treated more aggressively. Patients in the group
who received early intensification with a GLP-1 RA had the lowest
baseline overall and outpatient rates of hypoglycaemia, which may
have contributed to their selection for prompt treatment intensifica-
tion. Regarding the observed increase in healthcare costs from base-
line to follow up in the no intensification group (5266 USD) compared
with the decrease in the early intensification group (-560 USD), it is
possible that the slightly older age and higher baseline comorbidities
in the no intensification group may have indirectly played a role. How-
ever, age and general comorbidities were adjusted for in the general-
ized linear model used. At baseline, mean total prescription drug costs
(for management of diabetes and other conditions) for patients in the
early intensification group were not significantly higher than those for

patients in the no intensification group. This may be explained by the
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inclusion of antidiabetes treatments other than GLP-1 RA, as well as
treatments for diabetes complications and comorbidities, in the total
prescription drug costs of the no intensification group. Interestingly, in
the early intensification vs delayed intensification comparison, higher
comorbidities were found to be associated with earlier intensification,
whereas, in the intensification vs no intensification comparison, higher
comorbidities were associated with no intensification.

Results of the subgroup analysis of patients with HbAl1c > 8.0%
were largely comparable to those obtained for the overall patient
population with HbA1c = 7.0%, with similar baseline characteristics
and trends among the 3 groups. The differences in HbA1c reduction
and rate of hypoglycaemic events between the groups who received
early and delayed intensification with a GLP-1 RA were less evident
in the subgroup analysis, compared with results from the overall
patient population; however, a similar trend was observed in change
in semi-annual healthcare costs among the 3 groups over time.

A major strength of this study is the use of data from clinical
practice rather than from the controlled environment of a clinical trial,
allowing for assessment of real-world practices and outcomes.
Included patients were identified from a large health insurance claims
database representative of a large proportion of the US population,
and both descriptive and adjusted results were presented.

As with all studies, our analysis has certain limitations. As this
retrospective study used data derived from a pre-existing database,
only captured information was analysed. Consequently, the study
may not be fully representative of differences observed in clinical
practice (eg, data on hypoglycaemia may be an underestimation of
the true rate of hypoglycaemic events). Data may be subject to possi-
ble coding errors, resulting in some diagnoses being missed or used
incorrectly. Certain patient baseline demographic or clinical character-
istics were not available from the claims data (eg, patient body
weight). The 3 groups differed in sample size, with the early intensifi-
cation group comprising considerably fewer patients than the other
groups. This lack of parity in sample size may have had an impact on
the results of comparisons among groups. The definition of “intensifi-
cation” used in this study does not include intensification with thera-
pies other than a GLP-1 RA. Thus, it is difficult to comment on
clinical inertia other than where it concerns intensification with a
GLP-1 RA. Baseline OAD use during the baseline period 6 months
prior to GLP-1 initiation indicated a trend for fewer OADs among
patients in the late and no intensification groups. This may indicate
that patients in these 2 groups might have received “intensification”
via the addition of other OADs during the study period. Dosing infor-
mation for basal insulin is not available from claims databases and,
therefore, could not be taken into account. The definitions of early
and late intensification were based on a cut-off point of 6 months,
which may have yielded biased estimations of the differences in clini-
cal outcomes and healthcare costs among groups (eg, patients in the
early intensification group may have a greater medical need for
immediate treatment intensification). During the analysis, factors such
as treatment switching, medication adherence or persistence, and
suboptimal dosing of medication were not taken into account. This
may confound the impact of treatment intensification in the real
world. Analysis of factors associated with treatment intensification

was largely exploratory, where the model fitting was not examined. It

is possible that the direction of association may be affected by the
small sample size of the early intensification group and distribution of
the CCl score.

In conclusion, this study found that less than 10% of patients
with T2D who are inadequately controlled with basal insulin under-
went treatment intensification with a GLP-1 RA within 6 months of
insulin initiation. Compared with early treatment intensification,
delayed treatment intensification with a GLP-1 RA was associated
with poorer glycaemic control, greater risk of hypoglycaemia, and
higher total healthcare costs at the 12-month follow-up. Compared
with patients who did not undergo treatment intensification during
the 12-month follow-up period, healthcare costs for both the early
and delayed intensification cohorts were significantly lower. Younger
age, higher CCI score and a diagnosis of obesity at baseline were
all positively associated with early treatment intensification with a
GLP-1 RA. The identification of factors associated with early treat-
ment intensification will be helpful in determining clinical practice
patterns associated with clinical inertia.

Finally, for patients with T2D who are inadequately controlled
with basal insulin, timely treatment intensification with a GLP-1 RA
was associated with better glycaemic control and lower financial bur-
den than that observed with delayed treatment intensification.
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