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Abstract Background and aims: Add-on of basal insulin (BI) to intensify the ongoing therapy
with glucagon-like peptide 1 receptor agonist (GLP-1 RA) is recommended, but it is unclear if free
or fixed combination of BI and GLP-1 RA produce similar outcomes. A retrospective comparative
effectiveness analysis of the add-on of glargine 300 U/mL (Gla-300) to ongoing GLP-1 RA vs.
switch to fixed ratio combination of degludec and liraglutide (iDegLira) was performed.
Methods and results: Real-world data collected in electronic medical records by 32 Italian dia-
betes clinics. Propensity score (PS) adjustment was applied to assess changes in glycated hemo-
globin (HbA1c), fasting blood glucose (FBG), body weight, and BI dose after 6 months from Gla-
300 or iDegLira initiation.

Compared to iDegLira group (NZ 260), Gla-300þGLP-1 RA group (NZ 255) had older age and
higher levels of HbA1c (9.1 vs. 8.9%). After 6 months, statistically significant greater FBG improve-
ment [estimated mean difference and 95% confidence intervals: �24.05 mg/dl (�37.04; �11.06;
p Z 0.0003) and BI dose increase [þ0.03 U/kg (95%CI 0.00; 0.06); p Z 0.009] were found in the
free vs. fixed combination group, although low doses of BI (0.2 U/kg) were reached in both
groups. Trends of larger HbA1c and body weight reductions with the free combination were also
found, without reaching the statistical significance.
Conclusion: Although inertia in insulin initiation and titration was documented in both groups,
higher benefit on FBG control was obtained with free vs. fixed combination, likely due to a better
titration of BI and GLP-1 RA.
, Center for Outcome Research and Clinical Epidemiology, Corso Umberto I, 103, 65122 Pescara, Italy.
.it (A. Nicolucci).
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1. Introduction study provided a comprehensive overview of the intensi-
Many changes occurred in the treatment of type 2 diabetes
(T2D) in the last years. Several clinical practice guidelines,
including the ADA/EASD and Italian AMD/SID, recommend
glucagon-like peptide-1 receptor agonist (GLP-1 RA) as the
first injectable agent ahead of basal insulin (BI) for most
patients with T2D [1,2]. When the ongoing GLP-1 RA
treatment needs intensification, many options are avail-
able and BI is a common choice, preferably as an add-on to
GLP-1 RA rather than as a switch therapy [3]. In fact, the
combined use of GLP-1 RA and BI has the advantages of a
lower hypoglycemic risk and better body weight control
with non-inferior potency of glycemic control compared to
the basal-bolus insulin regimen [3e5].

In the choice of BI, it should be considered that,
compared to the first generation (1BI), second-generation
basal insulins (2BI) show improved and more stable phar-
macokinetic/pharmacodynamic profiles and clinical bene-
fits [6,7].

When adding BI to the ongoing GLP-1 RA, a fixed-ratio
combination (FRC) of BI and GLP-1 RA may represent a
potential option. iGlarLixi, a once-daily titratable FRC of
insulin glargine 100 units/mL and lixisenatide, and iDe-
gLira, an association of insulin degludec 100 units/mL with
liraglutide, are the currently available FRCs. Efficacy and
safety of these agents have been established through the
LixiLan (iGlarLixi) and DUAL (iDegLira) programs [8e13].

Recently, the evidence relative to the addition of BI to
ongoing GLP-1 RA, or the switch to FRC when GLP-1 RA
treatment fails, has been systematically reviewed to eval-
uate efficacy and safety of the free-up titration of BI and FRC
in T2D patients inadequately controlled with GLP-1 RA [14].
Four eligible RCTs were included in the meta-analysis: De
Vries et al. [15] and BEGIN ADD TO GLP-1 Study [16] eval-
uated the effect of the addition and free up-titration of BI,
while the DUAL III [17] and the LixiLan-G [10] showed the
outcome of switching to FRC; all these strategies were
compared to the ongoing GLP-1 RA treatment without in-
sulin. No significant differences were found between free
and fixed combinations regarding the decrease in HbA1c,
fasting plasma glucose (FPG), and hypoglycemic risk. In
these RCTs, titration algorithms, based upon values of self-
measured fasting blood glucose of the last three preceding
days, were used for dose adjustment of BI or FRC. However,
target ranges for self-measured blood glucose were dis-
similar (from 72-80 to 90e108 mg/dl). Insulin doses were
up-titrated to a mean of 0.4e0.5 U/Kg in all the trials
[10,14e17].

In Italy, the RESTORE-G program is a descriptive, real-
world study designed to specifically assess the treatment
intensification approaches at GLP-1 RA treatment failure
and the role of BIs, and in particular of 2BIs [3,18]. This
fication strategies adopted in the real world following GLP-
1 RA treatment, showing that less than 40% of the patients
treated with a GLP-1 RA intensified their therapy with BI
or FRC; the most common approach was the discontinu-
ation of GLP-1 RA and the switch to insulin treatment.
However, no direct comparative analysis between different
therapeutical approaches was performed in this study.

The aim of this RESTORE-G sub-study was to compare
the effectiveness on metabolic control and body weight of
Gla-300 in free combination with GLP-1 RA and Deg-100
in FRC with the GLP-1 RA liraglutide (iDegLira), repre-
senting the most utilized free an FRC combinations in the
RESTORE-G study. A focus on titration of BI and FRC was
also considered, being a recognized major component of
clinical inertia [19].

2. Methods

RESTORE-G was a real world, pre-post, retrospective
cohort study, based on anonymous patient-level data
extracted from electronic medical records (EMRs, i.e.
SmartDigitalClinic, METEDA, San Benedetto del Tronto,
Italy) [3,18].

Inclusion criteria were: insulin naïve adult patients with
diagnosis of T2D treated with GLP-RA � oral hypoglycemic
agents (OHA) and changing their therapy; initiation of BI in
free or fixed-ratio combination (FRC), in addition to, or in
substitution of GLP-1 RA, with index date (i.e. date of the
first prescription of BI/FRC) from January 2011 to 2021;
prescription of GLP-1 RA (weekly or daily) � OHA before
initiating BI/FRC or switching to BI/FRC.

Exclusion criteria were: diagnosis of type 1 diabetes;
prescription of any insulin within 12 months before GLP-1
RA therapy; more than one type of BI/FRC prescribed at
index date or prescription of other BI/FRC within 3 months
after initiating BI; switch back to GLP-1 RA after initiation
of BI/FRC within 3 months after index date.

Centers recorded data on EMRs according to their
clinical practice. Patients with T2D were generally seen by
the diabetes center on a 3e6 month basis, according to
Italian guidelines [2].

Baseline (T0) variables included: age, gender, HbA1c,
fasting blood glucose (FBG), body weight, body mass index
(BMI), diabetes duration, diabetes treatment (classified
according ATC codes), comorbidities (classified according
to ICD-9-CM system), estimated glomerular filtration rate
(eGFR), albuminuria, lipid profile, and arterial pressure.

Follow-up information at 6 months (T6) included:
HbA1c, FBG, body weight, BMI, and BI dose.

Treatment approaches investigated included the add-on
of BI to ongoing therapy with GLP-1 RA (ADD-ON cohort),
and the switch fromGLP-1 RA therapy to either BI (SWITCH-
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Figure 1 RESTORE-G study flow-chart: identification of cohorts eligible for comparative effectiveness analysis. Subgroups selected for the
comparative effectiveness analysis are in grey box. In dark grey are presented the subgroups not included in the analyses due to small samples.
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BI cohort) or fixed-ratio combination (FRC) (SWITCH-FRC
cohort).

As predefined, each study cohort was stratified by type
of BI/FRC prescribed at T0. Types of BI included 1BIs or
2BIs. Among 2BIs, cohorts were further stratified by Gla-
300 vs. Deg-100. Among FRC, cohorts were further strati-
fied by iDegLira and iGlarLixi. Stratification of study co-
horts by type of BI or FRC is shown in Fig. 1.

This sub-study was focused on the comparison between
add-on of 2BI in free combination with the pre-existing
GLP-1 RA from the ADD-ON cohort and the switch from
GLP-1 RA to the fixed ratio combination from the SWITCH-
FRC cohort. Given that the number of patients treated with
GLP-1 RA and Degludec in free combination or switching
to iGlarLixi precluded the possibility of performing a
robust comparison (sample size of 76 and 46, respectively),
the current analysis focused on the comparison between
Gla-300 in free combination with the pre-existing GLP-1
RA therapy and the switch from GLP-1 RA to FRC iDegLira.

Further details on main study methods are reported in
the previous publications relative to the RESTORE-G study
[3].

2.1. Statistical methods

Descriptive data were summarized as mean and standard
deviation or proportion. Baseline patient characteristics
according to the treatment intensification approach were
compared using the ManneWhitney U test in case of
continuous variables and the chi-square test for categorical
variables.

Propensity score (PS) adjustment was applied to
compare effectiveness of add-on of Gla-300 to ongoing
GLP-1 RA vs. switch to iDegLira. PS for each evaluable
cohort was estimated taking into consideration age,
gender, diabetes duration, baseline HbA1c, BMI, FBG, BI
dose, eGFR<60 ml/min*1.73 m2, history of diabetes com-
plications (i.e. presence of at least 1 complication among
coronary reperfusion/revascularization, coronary heart
disease, heart failure, myocardial infarction, lower limb
complications, stroke), concomitant glucose-lowering
treatments (i.e. metformin, secretagogues, DPPIV in-
hibitors, glitazones, acarbose, SGLT2 inhibitors).
For each covariate, individuals with the same PS should
have, on average, the same distribution of that covariate
irrespective of treatment decision (covariate balance). This
can be checked using interaction tests between each co-
variate and PS. Not statistically significant interaction test
indicates a good balance.

Changes in HbA1c, FBG, body weight, and BI dose were
assessed using mixed models for repeated measurements.
Results are expressed as estimated mean or estimated
mean difference from T0 with their 95% confidence inter-
val (95% CI). Paired and unpaired t-test derived from linear
mixed models for repeated measurements were applied
for within- and between-group group comparisons. P-
values <0.05 were considered as statistically significant.

3. Results

Overall, 255 patients were included in the free combination
Gla-300þ GLP-1 RA cohort and 260 patients were included
in the fixed ratio combination of iDegLira cohort (Fig. 1).

Baseline patients’ characteristics are reported in Table 1.
Patients intensifying GLP-1 RA therapy by adding-on Gla-
300 were significantly older (61.3 vs. 58.5 years) than
those switching to iDegLira; they also had significantly
higher levels of FBG (211 vs. 194 mg/dl) and a more
prevalent use of antihypertensive drugs. Starting doses of
basal insulin were significantly different in the two groups
(12.3 U vs. 16.9 U) in spite of similar BMI levels.

As for use of the different GLP-1 RA, patients in the
Gla-300 þ GLP-1 RA group were more frequently treated
with dulaglutide (53.5%), whereas those in the iDegLira
group were previously treated with liraglutide in half of
the cases (51.1%). Metformin (71.2% and 78.2% in Gla-300
and iDegLira group, respectively) and secretagogues
(37.6% and 45.9% in Gla-300 and iDegLira group, respec-
tively) were the most frequently oral antihyperglycemic
drugs associated to both groups (Table 1). About one in
ten patients in both groups were also treated with SGLT2i
(7.4% and 12.2% in Gla-300 and iDegLira group,
respectively).

In the cohorts analyzed, the interaction test between
each covariate and PS never reached statistical signifi-
cance, indicating a good balance between groups.



Table 1 Baseline patients’ characteristics of the populations selected for the comparative effectiveness analysis.

VARIABLE CATEGORY Gla300 þ GLP-1 RA iDegLira p-valuea

N. Group . 255 260
Age (years) 61.3 � 10.2 58.5 � 9.8 0.002
Gender (%) Women 34.9 36.2 0.77

Men 65.1 63.9
Diabetes duration (years) 11.3 � 8.2 10.4 � 6.9 0.50
Diabetes duration in classes (%) �5 years 23.9 22.3 0.23

6e10 years 25.9 27.3
11e20 years 31.8 38.5
>20 years 13.7 8.5
NA 4.7 3.5

BMI (Kg/m2) 33.6 � 5.9 32.8 � 5.6 0.37
HbA1c (%) 9.1 � 1.2 8.9 � 1.5 0.29
Fasting blood glucose (mg/dl) 211.3 � 41.6 194.0 � 45.0 <0.0001
Systolic blood pressure (mmHg) 137.7 � 17.5 138.7 � 18.8 0.46
Diastolic blood pressure (mmHg) 79.3 � 10.5 79.4 � 9.2 0.66
Total cholesterol (mg/dl) 165.2 � 37.1 168.4 � 40.3 0.63
LDL-cholesterol (mg/dl) 86.6 � 31.3 87.8 � 30.4 0.78
HDL-cholesterol (mg/dl) 44.3 � 12.2 43.6 � 11.4 0.88
Triglycerides (mg/dl) 191.3 � 119.4 190.7 � 132.7 0.40
eGFR <60 ml/min*1.73m

2
25.6 22.5 0.62

Micro/macroalbuminuria (%) 38.2 35.8 0.75
Antihypertensive drugs (%) 73.3 58.5 0.0004
Lipid-lowering drugs (%) 59.2 55.8 0.43
Diabetes complications (%) 4.7 13.9 0.0004
Basal insulin dose (U) 12.3 � 5.2 16.9 � 6.0 <0.0001
Metformin (%) 71.2 78.2 0.09
Secretagogues (%) 37.6 45.9 0.07
DPPIV inhibitors (%) 7.9 11.8 0.16
Glitazones (%) 7.0 7.4 0.86
Acarbose (%) 2.6 3.1 0.78
SGLT2 inhibitors (%) 7.4 12.2 0.08
Short-acting insulin (%) 0.8 0.4 0.55
Last GLP-1 RA prescribed before T0 (%):
Daily:
Exenatide 8.4 11.4 <0.0001
Liraglutide 26.7 51.1
Lixisenatide 3.0 0.5

Weekly:
Dulaglutide 53.5 34.2
Semaglutide 8.4 2.8

Data are means and standard deviations or proportions.
Statistically significant p-values (p < 0.05) are in bold.
a Mann-Whitney U test in case of continuous variables and the chi-square test for categorical variables.
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PS adjusted changes in HbA1c, FBG, and body weight
after 6 months are shown in Fig. 2 and supplementary
table 1.

Treatment with Gla-300 þ GLP-1 RA induced a greater
improvement in FBG compared to iDegLira at T6 [esti-
mated mean difference of �24.05 mg/dl (95%CI -37.04;
�11.06; p Z 0.0003].

No statistically significant between-group differences
were documented in HbA1c (Gla-300 þ GLP-1 RA group
vs. iDegLira group estimated mean difference �0.30%; 95%
CI -0.70; 0.10; p Z 0.15) and body weight (estimated mean
difference �0.68 Kg; 95%CI -2.04; 0.68; p Z 0.33).

PS adjusted changes in basal insulin dose are shown in
Fig. 3 and supplementary table 1. A statistically significant
larger increase in the dose in the Gla-300þ GLP-1 RA group
than in iDegLira group was documented (Gla-300 þ GLP-1
RA group vs. iDegLira group estimated mean difference
0.03 U/kg; 95%CI -0.00; 0.06; pZ 0.009), although doses of
about 0.2 U/Kg were reached at T6 in both groups.

4. Discussion

This analysis compared two innovative approaches to
intensify GLP-1 RA therapy in T2D Italian patients. In fact,
GLP-1 RA and BI may act through a synergistic action on
fasting and post-prandial glycemia.

In our analysis, compared to the fixed combination of
iDegLira, the free combination of Gla-300 and GLP-1 RA
appears to provide a greater benefit on FBG. Results also
suggest that the free combination of Gla-300 and GLP-1-
RA could be associated with moderate improvements in
HbA1c and body weight as compared to FRC; however, the
between-group differences were not statistically
significant.



Figure 2 Comparative effectiveness analyses of add-on of free and fixed combination of basal insulin to GLP-1 RA therapy (Gla-300 D GLP-1
RA vs iDegLira). PS adjusted changes in estimated mean levels of HbA1c, FBG and body weight from T0 to T6 by cohort and treatment.
T0 Z date of the first prescription of Gla-300 or iDegLira, T6 Z follow-up at 6 months. Results are expressed as estimated mean difference from T0
and 95% confidence interval (95% CI). Unpaired t-test derived from linear mixed models for repeated measures were applied for between-group
comparisons. p-values <0.05 were statistically significant and reported in bold text.
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Insulin titration deserves considerations. At T0, doses/
Kg were lower in Gla-300 vs. iDegLira (0.13 vs. 0.18 U/Kg).
PS-adjusted longitudinal models showed a statistically
significant larger dose increase in Gla-300 þ GLP-1 RA
group than in iDegLira group. This aspect is of particular
relevance since an easier titration with the free combina-
tion could be a key to overcome therapeutic inertia.
However, it should be noted that doses of about 0.2 U/Kg
were reached at T6 in both groups, documenting the need
for optimization of titration.

Furthermore, RESTORE-G study [3] documented that
intensification of GLP-1 RA therapy required a median time
of 27 months (interquartile range 11.8e53.5 months) and
that the switch to BI is still the prevalent approach to GLP-1
RAtherapy intensification.However, the add-onofBI toGLP-
1 RA should be preferred since it is recommendedby current
guidelines. In fact, their combination is supported by: com-
plementary targets of glycemic control for BI and GLP-1 RA,
the potential of GLP-1 RA to overcome fear of hypoglycemia
and weight gain, the benefits on extra-glycemic targets, and
the simplification of insulin therapywith GLP-1 RA delaying
the adoption of short-acting insulin [1,2]. A large real-world
data analysis involving over 66,000 patients treated with
GLP-1 RA [20] documented a significant delay in intensifi-
cation with insulin in patients with T2D inadequately
controlled with GLP-1 RA. In this study, earlier addition of
insulin was associated with better glycemic control, while
switching to insulin was not clinically beneficial during 2
years of treatment. More recently, the effectiveness of
adding basal insulin to GLP-1 RA was confirmed by the
DELIVER G study, showing that adding Gla-300 to GLP-1 RA
significantly improved glycemic control without signifi-
cantly increasing hypoglycemia in T2D [21].

RESTORE-G study [18] also documented that 2BI vs. 1BI
were associated with significantly greater improvements
in HbA1c and FBG both in add-on and switch approaches;
in addition, in the switch approach, 2BI produced lower
weight gain versus 1BI. Furthermore, Gla-300 vs. Deg-100
was associated with larger HbA1c decrease in the switch
approach, while in the add-on approach analysis was not
performed due to the low subgroup size [18].

What this RESTORE-G sub-study further adds is the evi-
dence of larger benefits of free vs. fixed combination in
people uncontrolled on GLP-1 RA, likely due to a better
titrationof the individual components in these patients. Free
combination also allows to maintain the maximum dosage
of GLP-1 RA in patients who require small amounts of BI,
thus reducing the risk of over-basalization and this could be
particularly relevant for elderly people. These findings
deserve consideration and a prospective study designed and
powered to further elucidate these key aspects of the GLP-1
RA therapy intensification with BI is needed.

Moreover, a meta-analysis by Jung et al. [14] suggested
that in patients who failed to reach target HbA1c levels
despite the GLP-1 RA treatment, both strategies of adding
basal insulin, i.e. free up-titration and FRC, are comparable
options; however, results were based on indirect com-
parisons and based on experimental conditions (RCTs).



Figure 3 Comparative effectiveness analyses of add-on of free and fixed combination of basal insulin to GLP-1 RA therapy (Gla-300 D GLP-1
RA vs iDegLira). PS adjusted changes in estimated mean levels of basal insulin dose from T0 to T6 by cohort and treatment. T0 Z date of the
first prescription of Gla-300 or iDegLira, T6 Z follow-up at 6 months. Results are expressed as estimated mean difference from T0 and 95% con-
fidence interval (95% CI). Unpaired t-test derived from linear mixed models for repeated measures were applied for between-group comparisons. p-
values <0.05 were statistically significant and reported in bold text.
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Furthermore, in the included trials titration protocols were
implemented, and doses of BI and FRC were two times
higher compared to our real-life study. It is important to
underline that in our study Gla-300 dose increase was
significantly higher than that of iDegLira, suggesting an
easier titration for clinicians and patients of free vs. fixed
ratio combinations, although additional training to both
patients and physicians regarding the importance of the
dose appropriateness is needed for both approaches. Each
of the two approaches has theoretical advantages. While
the free combination allows an easier titration of both BI
and GLP-1 RA, FRC can simplify treatment, thus increasing
patient adherence and acceptance of therapy [5,22].
However, existing data do not conclusively support the
evidence in favor of one approach over the other. Addi-
tional head-to-head trials and real-world studies are
warranted to further elucidate this issue.

The results of main and post-hoc analyses of the
RESTORE-G study suggest the need to promote the add-on
rather than the switch approach fromGLP-1 RA to BI, as also
recommended by current guidelines. In fact, the switch
from GLP-1 RA to BI is still common, and often associated
with the use of short-acting insulin, although more recent
data suggest an increase in the add-on approach [3].

All RESTORE-G analyses [3,18] highlighted the effec-
tiveness and safety of adding-on BI or switching to BI/FRC,
but also the urgent need to reduce clinical inertia, wit-
nessed by not only the suboptimal titration, but also the
very high HbA1c levels at the time of intensification, and
the large proportion of patients with HbA1c >8% during
the follow-up. The role of the BI/FRC doses and their
titration are strictly linked to effectiveness. Therefore, at-
titudes of clinicians in the BI/FRC dosing need to be
accurately investigated to promote the reduction of the
documented clinical inertia.

The study has strengths and limitations. Among the
strengths, this is one of the first comparative real-world
studies available on GLP-1 RA treatment intensification
approaches and its outcomes. Another strength regards
the generalizability of the results of the main study (large
sample of patients with T2D routinely cared for by centers
located in different areas of Italy) and the efficient use of
EMR data for research purposes. Additional endpoints
(FBG and body weight) were available compared to other
real-world studies. The main limitation was the small
sample size of the two selected subgroups which pre-
vented a robust estimate of safety. However, results of the
main study documented that the rate of hypoglycemia
(BG < 54 mg/dl) was low with all intensification strategies,
and no severe hypoglycemia episode was registered [3].

In conclusion, larger benefits on FBG control in free
(Gla-300þGLP-1 RA) vs. fixed (iDegLira) combination have
been found in people uncontrolled on GLP-1 RA, likely due
to a better titration of the components in these patients.
However, inertia in insulin initiation was documented in
both groups. A study designed and powered to further
elucidate these key aspects of the GLP-1 RA therapy
intensification with BI is needed.
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