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ABSTRACT

Introduction: Second-generation basal insulins
like glargine 300 U/mL (Gla-300) have a longer
duration of action and less daily fluctuation and
interday variability than first-generation ones,
such as glargine 100 U/mL (Gla-100). The EF-BI

Prior Presentation: Some preliminary results were
presented at the Société Francophone du Diabéte
Congress 2023, 21-24 March 2023, Montpellier, France;
ISPOR Europe 2023, 12-15 November 2023, Copenhagen,
Denmark.
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study, a nationwide observational, retrospec-
tive study, was designed to compare persistence,
acute care complications, and healthcare costs
associated with the initiation of such basal insu-
lins (BI) in a real-life setting in France.

Methods: This study was conducted using the
French healthcare claims database (SNDS). Adult
patients living with type 1 or type 2 diabetes mel-
litus (T1DM or T2DM) initiating Gla-300 or Gla-
100 £ other hypoglycemic medications between
January 1, 2016 and December 31, 2020, and
without any insulin therapy over the previous
6 months were included. Persistence was defined
as remaining on the same insulin therapy until
discontinuation defined by a 6 month period
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without insulin reimbursement. Hospitalized
acute complications were identified using ICD-
10 codes. Total collective costs were established
for patients treated continuously with each basal
insulin over 1-3 years. All comparisons were
adjusted using a propensity score based on initial
patient/treatment characteristics.

Results: A total of 235,894 patients with T2DM
and 6672 patients with T1DM were included.
Patients treated with Gla-300 were 83% (T1DM)
and 44% (T2DM) less likely to discontinue their
treatment than those treated with Gla-100 after
24 months (p<0.0001). The annual incidence of
acute hospitalized events in patients with T2DM
treated with Gla-300 was 12% lower than with
Gla-100 (p<0.0001) but similar in patients with
T1DM. Comparison of overall costs showed mod-
erate but statistically significant differences in
tavor of Gla-300 versus Gla-100 for all patients
over the first year, and in T2DM only over a
3-year follow-up.

Conclusion: Use of Gla-300 resulted in a better
persistence, less acute hospitalized events at least
in T2DM, and reduced healthcare expenditure.
These real-life results confirmed the potential
interest of using Gla-300 rather than Gla-100.

Keywords: Diabetes; Insulin glargine;
Medication adherence; Drug-related side effects;
Healthcare costs
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Key Summary Points

Why carry out this study?

The EF-BI study was designed to compare
persistence, insulin-related acute events, and
healthcare costs associated with the use of

a second-generation basal insulin, glargine
300 U/mL (Gla-300), as compared to glargine
100 U/mL (Gla-100) in a real-life setting in
France.

Second-generation basal insulins are well
known to have a longer duration of action
and less daily fluctuation and interday vari-
ability than first-generation ones, but less
data exists about their consequences in real
life.

What was learned from the study?

A better persistence, reduced frequency of
insulin-related hospitalized acute events, and
lower overall costs in a collective perspec-
tive were observed with Gla-300 compared
to Gla-100 in the years following initiation
especially in patients with T2DM.

These findings confirm the interest of pre-
scribing second-generation long-acting insu-
lins as compared to first-generation ones.

INTRODUCTION

Insulin therapy is a necessary step in achiev-
ing optimal glycemic targets in type 1 diabetes
(T1DM), but also in most advanced patients with
type 2 diabetes (T2DM) when oral antidiabetic
agents and non-insulin injectable treatments
have failed to achieve glycemic targets. There
are many different insulin regimens available to
meet the varying needs of different people with
diabetes. Insulin regimens range from once-daily
insulin (basal-only regimen) for T2DM to multi-
injection daily regimens and insulin pump ther-
apy for people with T1IDM or T2DM. In most of
these insulin regimens, a long-acting insulin is
required to cover glucose secretion by the liver
throughout the whole day.
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The need for basal insulin can be met by a
variety of insulins. Second-generation basal
insulins (2BI), insulin glargine 300 U/mL (Gla-
300) or insulin degludec (IDeg), have demon-
strated a longer duration of action and more
suitable pharmacokinetic/pharmacodynamic
profiles than first-generation insulins, such as
insulin glargine 100 U/mL (Gla-100) or insulin
detemir (IDet), with low intraday fluctuation
and interday variability [1-3].

If Gla-300 and IDeg seem to have similar gly-
cemic control improvements with relatively low
hypoglycemia risk [4, 5], further trials of direct
comparisons of 2BI with first-generation basal
insulins (1BI) [6] are probably needed. The use
of real-life databases may answer some of the
questions that arise in this field concerning, for
example, the maintenance over time of treat-
ment, or the comparative frequency of the main
acute events linked to diabetes treatment (i.e.
hypoglycemia, ketoacidosis, acute hypergly-
cemia) with 2BI versus 1BI in both T1IDM and
T2DM. In addition, costs associated with insu-
lin therapy are also an important criterion to be
considered in such comparisons.

Regarding maintenance, several studies in
the USA [7, 8] or in Germany [9] reported a low
maintenance rate with Gla-100 within 1 year of
initiation. In France a first study [10] showed
that only 72% of patients with T2DM were still
being treated with BI after 12 months (75% on
basal regimen). Regardless of insulin regimen,
patients less frequently discontinue Gla-300
insulin than Gla-100 insulin [adjusted odds
ratio (OR) 0.39, 95% confidence interval (CI)
0.37-0.41]. Similar results were observed when a
basal regimen was considered (adjusted OR 0.38,
95% CI 0.35-0.40).

In this study, patients treated with Gla-
100 had higher crude rates of hospitalization
for hypoglycemia as compared to those receiv-
ing Gla-300 (1.4 per 100 patient-years; OR 0.67,
95% CI 0.55-0.81). However, this difference
did not remain statistically significant follow-
ing adjustment for patient characteristics. A
lower frequency of emergency room visits was
observed in patients treated with Gla-300.

Several cost-effectiveness modeling stud-
ies have compared second-generation to other
long-acting insulins. A cost—utility evaluation of

Gla-300 versus Gla-100 in patients with T2DM
using the Spanish National Health System per-
spective estimated the Gla-300 incremental cost-
effectiveness ratio (ICER) at €5294 per QALY,
which is far below on the willingness-to-pay
threshold for Spain. Cost-effectiveness results
were mainly driven by the lower hypoglycemia
rates and insulin-dose flexibility [11]. Similar
results were obtained with Ideg in a Swedish
prospective observational study of 476 patients
switching to Ideg from other Bis and finding
life expectancy improvements and lower life-
time healthcare direct costs resulting in the
dominance of Ideg in the ICER [12]. A UK study
found that Ideg was cost-effective in patients
with T1DM and T2DM when using a basal-only
regimen as in patients with T2DM treated with
a basal-bolus regimen. The lower costs observed
in patients with TIDM were the consequences
of the lower dose of insulin degludec required.
In patients with T2DM lower costs were driven
by fewer hypoglycemic events. A French study
[13] showed that the use of a newer insulin did
not necessarily have an impact on the cost of
managing insulin therapy in people with T2DM,
but this cross-sectional observational study on a
limited sample of patients was conducted only
in patients with T2DM.

Evaluating and comparing the maintenance
over time of treatment with currently available
basal insulins in T1DM and T2DM, as well as the
frequency of hospitalizations for all acute events
and the costs associated with these insulins in a
real-life context, is therefore interesting at a time
when second-generation long-acting insulin
analogues are increasingly prescribed in France.
Because Ideg was marketed later than Gla-300
and data was therefore limited, we restricted the
comparison to patients with T1IDM or T2DM
starting a treatment with Gla-300 versus those
starting treatment with Gla-100.

METHODS

An observational, retrospective, and compara-
tive study based on a cohort of patients with
diabetes (T1DM or T2DM) initiating a treatment
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with basal insulin was conducted using data
from the French national health insurance infor-
mation system (Systeme national des données de
santé or SNDS) [14]. The SNDS lists all the reim-
bursed inhosptial and out-of-hospital healthcare
resources used by 99% of the French population
covered by the national health insurance sys-
tem. The SNDS also contains anonymous demo-
graphic data and data about chronic medical
conditions (International Classification of Dis-
eases [ICD], 10th version codes), hospitalizations
with ICD-10 codes for primary and associated
diagnoses, costs, and dates of death but not any
laboratory tests results.

All adult patients (18 years old and over) with
diabetes and initiating either a treatment with
Gla-300 or Gla-100 (both original and biosimi-
lar) £ oral hypoglycemic agent (OHA) +other
injectable diabetes treatment between 1 Janu-
ary 2016 and 31 December 2020 were selected.
The index date (TO) was defined as the starting
date of basal insulin. Initiation was defined by
a first delivery of insulin, preceded by a period
without any insulin therapy reimbursement
over the previous 12 months. All patients were
categorized as having TIDM or T2DM, using an
algorithm described elsewhere [10]. Pregnant
women or patients treated with insulin for less
than 6 months were excluded.

Persistence was defined as remaining on the
same insulin without discontinuation defined
by a 6 month period without insulin reim-
bursement for 6 months and was estimated
using a Cox proportional hazards model over
a 24-month period after Bl initiation. Hospi-
talized acute complications were identified
using ICD-10 codes. Hospital admissions for
ketoacidosis were identified using ICD-10
codes E10.1 (type 1 diabetes mellitus with
ketoacidosis) and E11.1 (type 2 diabetes mel-
litus with ketoacidosis) as principal or related
diagnosis. Severe hypoglycemia was identified
using ICD-10 codes E16.0 (drug-induced hypo-
glycemia without coma), E16.1 (other hypo-
glycemia), E16.2 (unspecified hypoglycemia),
and T38.3 (poisoning due to adverse effects of
insulin and oral hypoglycemic agents [antidia-
betics]). Hospital admissions for comas related
to diabetes were also collected considering
E10.0 (T1DM with coma), E11.0 (T2DM with

coma), and E14.0 (unspecified diabetes with
coma) as stays related to hyperglycemia with
ICD-10 code R739 (hyperglycemia, unspeci-
fied). More than one acute episode could be
recorded for the same patient.

This was completed by an analysis on the fre-
quency of emergency room visits, whatever the
reason for these visits, as a potential indicator of
an acute event experienced by patients treated
with insulin.

Total collective costs were established for
patients treated continuously with each basal
insulin over 1-3 years. Only patients treated
during full years and for whom comprehensive
healthcare resource use data was available for
the whole period were analyzed. Comparisons of
total costs were conducted in patients continu-
ously treated with BI for 1, 2, or 3 years, from
the perspective of the National Sickness Fund.

Persistence, annual frequency of acute events,
and costs comparison were adjusted using a pro-
pensity score covariate (by quintile) based on
age, gender, geographical area, social depriva-
tion index, deprived people reimbursement
status, a simplified Charlson index, diabetes
history, previous hospitalized acute event over
3 years prior to TO, diabetes treatment regimen
3 months before and 3 months after TO, and use
of continuous glucose monitoring in the year
preceding TO.

This study was registered on the Health Data
Hub website (T58549122021092). In accordance
with current regulations, the study protocol was
submitted to the committee for research, stud-
ies, and evaluations in the field of health (Com-
ité d’Expertise pour les Recherches, les Etudes
et les Evaluations dans le domaine de la Santé
[CEREES]) for approval and was authorized by
the French data protection authority (Commis-
sion Nationale de I'Informatique et des Liber-
tés [CNIL], [CNIL authorization number MR:
921407).

RESULTS

Over the 5-year inclusion period 6672 patients
with T1DM and 235,894 patients with T2DM
initiated either Gla-300 or Gla-100 (Table 1).
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Table 1 Number of patients initiating Gla-300 or Gla-100 over the study period
Gla-300 Gla-100 Total
Ti1DM
Patients initiating basal insulin 2140 4532 6672
Patients with 1 full year of treatment 3002 4791
Patients with 2 full years of treatment 2222 3481
Patients with 3 full years of treatment 1621 2379
T2DM
Patients initiating basal insulin 60,357 175,537 235,894
Patients with 1 full year of treatment 46,420 129,689 176,109
Patients with 2 full years of treatment 26,742 79,622 106,364
Patients with 3 full years of treatment 13,041 47,360 60,401

Characteristics of the selected patients are pre-
sented in Tables 2 and 3. Those characteristics
were grouped according to the treatment admin-
istered (Gla-100 or Gla-300) even though they
were often statistically significantly different in
T1DM and T2DM when initiating a treatment
with BI.

Over a 24-month period post-BI initiation,
40.7% of patients with T1DM and 21.7% of
patients with T2DM treated with Gla-100 (ver-
sus respectively 8.1% and 10.9% with Gla-300)
stopped the corresponding BI. Patients with
T1DM and with T2DM treated with Gla-300
were respectively 83% (HR 0.169 [0.144-0.198],
p<0.0001) and 44% (HR 0.563 [0.550-0.577],
p<0.0001) less likely to stop this treatment than
patients treated with Gla-100 (Fig. 1). After stop-
ping the BI, in T1DM 75.8% of patients treated
with Gla-100 and 56.7% of patients treated
with Gla-300 were switched to pump therapy.
In T2DM, most patients who stopped their BI
treatment did not receive any insulin therapy
over the next 6 months (respectively 80.1% and
74.5% in Gla-100 and Gla-300 treated patients
versus 74.5%).

Over the studied period of exposure to BI, in
patients with T1DM, hospitalized hypoglycemic
event rates were lower with Gla-300 (HR 0.73
(0.55-0.97), p=0.028). However, no significant
difference was observed between patients treated

with Gla-100 and patients treated with Gla-300
in the frequency of overall hospitalized acute
events possibly related to insulin therapy (HR
1.16 (0.88-1.54), p=0.3) nor in the frequency
of any cause emergency room visits (HR 0.99
(0.77-1.27), p=0.94). In patients with T2DM,
results were significantly in favor of Gla-300,
with a lower frequency of overall hospitalized
acute events (HR 0.88 (0.84-0.93), p<0.001),
slightly less frequent emergency room visits (HR
0.92 (0.88-0.96), p<0.001), but a similar rate
of hospitalized hypoglycemia events (HR 0.98
(0.94-1.03), p=0.5).

Comparisons of adjusted costs (hospital costs
and outpatient costs) over the 3 years of follow-
up after BI initiation show moderate but sta-
tistically significant results in favor of Gla-300
insulin compared to Gla-100 insulin, during
the first-year post-Bl initiation for patients with
T1DM (Fig. 2) and during the whole 3 years of
follow-up for patients with T2DM (Fig. 3). An
extrapolation of these results for all French
patients with diabetes initiating Gla-100 over a
3-year period switching to Gla-300 would have
resulted in a reduction of health expenditure
by €473 million for the National Sickness Fund
alone.
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Table 2 Characteristics of patients with T1DM at basal insulin initiation ('T0)

Gla-300 Gla-100 Total p value
N 2140 4532 6672
Age at index date (T0) 0.0038
Mean (SD) 494 (19.2) 479 (18.9) 484 (19.0)
Gender NS
Male 1235 (57.7%) 2548 (56.2%) 3783 (56.7%)
History of diabetes 0.0048
Less than 10 years 799 (37.3%) 1552 (34.2%) 2351 (35.2%)
[10-20] years 625 (29.2%) 1495 (33.0%) 2120 (31.8%)
20 years+ 716 (33.5%) 1485 (32.8%) 2201 (33.0%)
Social deprivation index (in quintiles) NS
1 (less deprived people) 342 (16.0%) 835 (18.4%) 1177 (17.6%)
2 431 (20.1%) 856 (18.9%) 1287 (19.3%)
3 434 (20.3%) 956 (21.1%) 1390 (20.8%)
4 441 (20.6%) 908 (20.0%) 1349 (20.2%)
5 (most deprived 492 (23.0%) 977 (21.6%) 1469 (22.0%)
Charlson comorbidity index 0.0033
0 1195 (55.8%) 2691 (59.4%) 3886 (58.2%)
1-2 735 (34.3%) 1490 (32.9%) 2225 (33.3%)
23 210 (9.8%) 351 (7.7%) 561 (8.4%)
Mean (SD) 0.9 (1.4) 0.7 (1.2) 0.8 (1.3) 0.0012
CGM in the year previous to TO NS
Yes 2140 (100.0%) 4532 (100.0%) 6672 (100.0%)
> 1 acute event® in the 3 years previous to BI 0.0178
initiation
Yes 239 (11.2%) 422 (9.3%) 661 (9.9%)

NS non-significant

*Hypoglycemia, DKA, coma, acute hyperglycemia

DISCUSSION

Previous economic cost-effectiveness modeling
studies comparing Gla-300 to Gla-100 [15-17]
that were based on available clinical trials data
have suggested that Gla-300 is likely to be an

efficient and dominant strategy compared to
Gla-100 in T2DM. Such results have also been
translated in budgetary terms to the USA, show-
ing that savings were achieved when switching
patients from long-acting Bls to Gla-300 [18].
However, the highly selected participants and
frequent follow-up of the clinical trials could
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Table 3 Characteristics of patients with T2DM at basal insulin initiation ('T0)
Gla-300 Gla-100 Total p value
N 60,357 175,537 235,894
Age at index date (T0) <0.0001
Mean (SD) 65.6 (14.0) 69.1 (14.6) 68.2 (14.6)
Gender <0.0001
Male 34,143 (56.6%) 96,054 (54.7%) 130,197 (55.2%)
History of diabetes <0.0001
Less than 10 years 32,544 (53.9%) 96,396 (54.9%) 128,940 (54.7%)
[10-20] years 21,191 (35.1%) 59,309 (33.8%) 80,500 (34.1%)
20 years+ 6622 (11.0%) 19,832 (11.3%) 26,454 (11.2%)
Social deprivation index (in quintiles) <0.0001
1 (less deprived people) 7244 (12.0%) 24,633 (14.0%) 31,877 (13.5%)
2 10,136 (16.8%) 29,510 (16.8%) 39,646 (16.8%)
3 11,967 (19.8%) 35,082 (20.0%) 47,049 (19.9%)
4 14,151 (23.4%) 39,441 (22.5%) 53,592 (22.7%)
5 (most deprived) 16,859 (27.9%) 46,871 (26.7%) 63,730 (27.0%)
Charlson comorbidity index <0.0001
0 23,345 (38.7%) 56,914 (32.4%) 80,259 (34.0%)
1-2 20,881 (34.6%) 60,072 (34.2%) 80,953 (34.3%)
>3 16,131 (26.7%) 58,551 (33.4%) 74,682 (31.7%)
Mean (SD) 1.8(2.2) 2.1 (2.4) 2.0 (2.4) <0.0001
CGM in the year previous to TO <0.0001
Yes 24,367 (40.4%) 69,318 (39.5%) 93,685 (39.7%)
2 1 acute event® in the 3 years previous to NS
Bl initiation
Yes 2415 (4.0%) 7200 (4.1%) 9615 (4.1%)

NS non significant

*Hypoglycemia, DKA, coma, acute hyperglycemia

not be truly representative of real-life clinical
practice.

The results of the EF-BI observational national
study confirm that in real life, the use of Gla-300
was more effective and less costly versus Gla-
100 in patients with T1DM and patients with
T2DM treated with these basal insulins using a

collective perspective in France. Regarding effec-
tiveness, our results are in line with a previous
study reporting a better maintenance rate with
Gla-300 as compared to Gla-100 within 1 year of
initiation in T2DM [10] but expand these posi-
tive results to 24 months and to both T1IDM
and T2DM. They simultaneously confirm a in
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real-life setting the results obtained throughout
the EDITION clinical trial program, demonstrat-
ing both a similar glycemic control with Glar-
300 and Glar-100, but a lower risk of hypogly-
cemia when using Gla-300 in both T1DM and
T2DM [19]. The improved pharmacokinetic and
pharmacodynamic characteristics of 2BI could
explain this prolonged duration of action as
compared with 1BI [20].

Considering costs, the DELIVER program
based on a US healthcare database compared
outcomes in people with T2DM receiving either
Gla-300 or other BI in a real-world setting. In
the DELIVER 2 study [21], people with T2DM
who switched to Gla-300 had a significantly
lower incidence of healthcare resource utiliza-
tion related to hypoglycemia than those who
were switched to another Bl analogue, consider-
ing hospitalizations (2.8% vs. 4.3%; p=0.037),
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emergency department visits (3.1% vs. 5.1%;
p=0.007), and outpatient visits (12.6% vs.
15.4%; p=0.011) [17]. Finally, people treated
with Gla-300 had an overall saving of US$1439
per person per year in healthcare costs compared
with those receiving another BI.

In our study, propensity score-adjusted analy-
sis shows that substituting the use of Gla-100
with Gla-300 over a 3-year period would result
in a saving of €1875 in T1DM and €2649 in
T2DM from a collective perspective (consider-
ing all direct costs regardless of whether they
were financed by the national sickness fund or
complementary insurances). These savings are
the result both of a reduction in hospital costs,
partly linked to a reduction in the number of
acute events associated with insulin therapy, and
of a reduction in outpatient costs, no doubt as
a result of a reduction in medical monitoring.
Switching all patients treated with Gla-100 to
Gla-300 in France at the time of the study would
result in a saving in health expenditure of €473
million.

Our study had several limitations. First,
because it was conducted using a claims data-
base (French SNDS), which provides only lim-
ited information, it considered only some
diabetes-related events but could not consider
other important factors (e.g., HbAlc levels or

diabetes equilibrium, other diabetes complica-
tions, etc.) either as an outcome or as a param-
eter in the propensity score. However, our results
were adjusted on all available parameters in the
database. Secondly, as a result of the need for
sufficient observation time in the analyses, and
to the relatively recent marketing of other basal
insulins, the number of patients available did
not allow us to make other comparisons than
between BI Gla-300 and Gla-100. Several arti-
cles have been published showing acceptability
of the incremental cost-effectiveness ratio or
dominance of insulin degludec 100 U/mL (IDeg-
100) as compared to Gla-100 or insulin detemir
[22-27]. Evidence was also provided in Sweden
through a prospective observational study using
real-world data [12].

Recently, several cost-effectiveness studies
have compared the two main second-generation
insulin analogues Gla-300 and IDeg-100. Results
appeared to be contradictory with some studies
concluding that greater use of Gla-300 vs. IDeg-
100 for the treatment of patients with T2DM
would lead to a relevant reduction of therapy
costs in the USA [28], Slovenia [16], and Italy
[29] but others suggesting the opposite in the
USA [30], the Netherlands [31], Algeria [32], and
Japan [33]. Further investigations should be con-
ducted in real life to clarify this point.
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CONCLUSION

The national EF-BI study confirmed that the use
of Gla-300 resulted in a better persistence and
tewer acute hospitalized events at least in T2DM
compared to Gla-100 in real life in France. It also
resulted in reduced overall healthcare expendi-
ture during the whole 3 years of follow-up for
patients with T2DM and over the first year post
Bl initiation for patients with T1DM. These data
confirm the potential interest of using second-
generation insulins rather than first-generation
ones.
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