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ABSTRACT

Hypoglycemia is a major barrier impeding gly-
cemic control in persons with type 2 diabetes
mellitus and creates a substantial burden on the
healthcare system. Certain populations that
require special attention, such as older adults
and individuals with renal impairment, a longer

duration of diabetes or those who have experi-
enced prior hypoglycemia, may be at a higher
risk of hypoglycemia, particularly with insulin
treatment. Second-generation basal insulin
analogues (insulin glargine 300 U/mL and
degludec) have demonstrated reductions in
hypoglycemia compared with insulin glargine
100 U/mL although evidence of this benefit
across specific populations is less clear. In this
review we summarize the literature with respect
to the efficacy and safety data for second-gen-
eration basal insulin analogues in adults with
type 2 diabetes mellitus who are at risk of
hypoglycemia or who require special attention.
Randomized controlled trials, meta-analyses
and real-world evidence demonstrate that the
use of second-generation basal insulin ana-
logues is associated with less hypoglycemia
compared with insulin glargine 100 U/mL
without compromising glycated hemoglobin
control. A reduced risk of hypoglycemia with
second-generation basal insulin analogues was
evident in older adults and in individuals with
obesity, renal impairment, a history of cardio-
vascular disease or a long duration of insulin
use. Further studies are needed in other popu-
lations, including those with more severe renal
impairment or hepatic dysfunction, the hospi-
talized population and those with cognitive
impairment. Overall, less hypoglycemia associ-
ated with second-generation basal insulin ana-
logues may help reduce barriers for insulin use,
improve adherence and offset the costs of
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hypoglycemia-related healthcare resource
utilization.

Keywords: Basal insulin; Degludec; Insulin
glargine; Hypoglycemia; Type 2 diabetes
mellitus

Key Summary Points

Second-generation basal insulin (BI)
analogues (degludec, glargine 300 units/
mL) have comparable glycemic efficacy
with less hypoglycemia compared to first-
generation BI analogues.

Less hypoglycemia with second-
generation BI analogues may be
particularly helpful in vulnerable
populations.

Studies have demonstrated less
hypoglycemia with second-generation BI
analogues compared to first-generation BI
analogues in older adults, those with renal
impairment, obesity, cardiovascular
disease and long duration of insulin use
and may represent a safer option to
achieve glycemic control while
minimizing hypoglycemia.

More data are required in other vulnerable
populations, such as those with cognitive
impairment, severe renal disease or
malignancy and in different settings, such
as acute hospital, perioperative and long-
term care.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12906755.

INTRODUCTION

Current guidelines for the treatment of type 2
diabetes mellitus (T2DM) emphasize the
importance of individualizing glycemia targets
based on a number of factors, such as the risk of
hypoglycemia and the presence of cardiovas-
cular disease (CVD) or chronic kidney disease
(CKD) [1]. With disease progression and
increased b-cell deterioration, most patients
with T2DM eventually require insulin for gly-
cemia management [1]. However, in clinical
practice only 38% of people with diabetes
achieve a glycated hemoglobin (HbA1c) level
target of\7% (\53 mmol/mol) in the first year
after starting basal insulin (BI), and only 8%
more in the second year [2]. Drug-induced
hypoglycemia is a major barrier preventing
insulin initiation and adjustment, which can
impede glycemia management and increase the
risk of diabetes-related complications [3].

Hypoglycemia is associated with increased
fear and anxiety in patients, which can lower the
quality of life (QoL) and reduce productivity [3].
Moreover, medication-related hospitalization
due tohypoglycemia creates a substantial burden
on thehealthcare systemandcan result in serious
clinical consequences [4]. In particular, severe
hypoglycemia, defined as requiring the assis-
tance of another person to raise the patient’s
glucose level, is associated with increased car-
diovascular (CV) morbidity and mortality [5, 6].

A number of risk factors have been associated
with an elevated risk of hypoglycemia in people
with T2DM, including older age, renal impair-
ment, long duration of diabetes and the pres-
ence of comorbidities [6–12]. Univariate and
multivariable analyses from the ADVANCE
study have shown that older age, longer dura-
tion of diabetes, higher creatinine levels, lower
body mass index (BMI), lower cognitive func-
tion, use of two or more oral hypoglycemic
agents (OHA), history of smoking or microvas-
cular disease and assignment to intensive glu-
cose control are independent risk factors for
severe hypoglycemia (p\0.05 for all compar-
isons) [6]. Similar results were reported in a
small longitudinal cohort study in 616 subjects
with T2DM. The independent predictors of the
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time to first severe hypoglycemia episode in this
latter study were the duration of insulin treat-
ment, estimated glomerular filtration rate
(eGFR)\60 mL/min/1.73 m2, peripheral neu-
ropathy, education beyond primary level and
past severe hypoglycemia [13].

Patients who are at risk of hypoglycemia may
benefit from individualized, evidenced-based
therapies to minimize hypoglycemia, prevent
complications and optimize QoL [1]. BI is often
the preferred initial insulin regimen in T2DM
because it has a lower risk for inducing hypo-
glycemia and causes less weight gain compared
with premixed insulin or basal-bolus insulin
therapy [1]. The development and introduction
into clinical practice of the first-generation BI
analogues (insulin glargine-100 IU/mL [Gla-100;
Sanofi] and insulin detemir [IDet; Novo Nordisk)
represented a significant advance to reduce
hypoglycemia compared to the human BIs.
However, despite a reduction in the risk of
hypoglycemia, many people with T2DMon first-
generation BI still experience low blood glucose
levels. The second-generation BI analogues,
insulin glargine 300 IU/mL (Gla-300; Sanofi) and
insulin degludec (IDeg; Novo Nordisk), have
demonstrated a longer duration of action, less
glycemic variability and reduced hypoglycemia
compared to first-generation BI analogues
[14–17].Whether these benefits are still apparent
in populations at high risk for hypoglycemia,
without a loss of efficacy, is less evident.

In this review we strive to describe the effi-
cacy and safety of second-generation BI ana-
logues in adults with T2DM, specifically in
individuals at risk of hypoglycemia: participants
C 65 years; those with renal insufficiency, a
long duration of diabetes ([ 10 years) or long
duration on insulin ([5 years); and patients
with prior severe hypoglycemia. Other popula-
tions of interest include those with obesity, a
history of CVD and different ethnicities. The
clinical implications for these at-risk popula-
tions will be discussed.

METHODS

Comprehensive literatures searches of the
EMBASE, Medline and Cochrane library

databases were undertaken in December 2019.
Key search terms were ‘insulin glargine 300
U/mL’ OR ‘degludec’ AND ‘type 2 diabetes’ (or
‘non-insulin dependent’ or ‘insulin indepen-
dent’ or ‘ketosis resistant’ or ‘adult onset’ or
‘maturity onset’ or ‘slow onset’) AND ‘high risk
patient’ (or ‘aged’ or ‘elderly’ or ‘frail elderly’ or
‘very elderly’ or ‘geriatrics’ or ‘aging’; ‘unaware
or impaired awareness hypoglycemia’, ‘severe
hypoglycemia’, ‘cardiovascular’ or ‘myocardial’
or ‘cardiovascular risk’ or ‘cardiovascular dis-
ease’, ‘long-duration adult onset diabetes’,
‘obese patient’ or ‘obesity’, ‘multiple daily
injection’, ‘basal-bolus’, ‘proteinuria’, ‘insuffi-
cient or impaired estimated glomerular function
rate’, ‘kidney disease’). The search was narrowed
down to English articles involving clinical
studies (randomized controlled trials [RCTs],
meta-analyses and real-world evidence [RWE])
published in the last 10 years. Studies must have
evaluated Gla-300 and/or IDeg versus a control
and measured at least one objective outcome
measure including hypoglycemia. The decision
was made to include RWE in this review because
RWE complements the findings from RCTs and
meta-analyses. RCTs and meta-analyses deter-
mine if there are differences between therapies
in the purest, most controlled environment,
providing an answer to the question of what can
be in the ideal situation. On the other hand,
RWE answers the question of what is actually
happening in the real world, providing addi-
tional information and confidence in the find-
ings when consistent [18].

This article is based on previously conducted
and published studies that were compliant with
ethics guidelines, and does not involve any new
studies performed by any of the authors.

PUBLISHED DATA FOR SECOND-
GENERATION BI IN ADULTS
WITH T2DM

Second-Generation Compared to First-
Generation BI Analogues

The registration trials and subsequent meta-
analyses of these studies have demonstrated
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non-inferiority in reducing HbA1c with second-
generation versus first-generation BI analogues,
with less hypoglycemia compared with Gla-100
[19–40]. Although these studies were not
designed to specifically address outcomes in
populations at risk of hypoglycemia, many
participants in these trials had multiple risk
factors for hypoglycemia, such as BMI[30 kg/
m2, age[ 65 years duration of dia-
betes[10 years, co-existing morbidities, high
creatinine levels and the use of two or more
OHA.

The EDITION and BEGIN phase IIIa clinical
trial programs compared the efficacy and safety
of a second-generation BI analogue (Gla-300 or
IDeg, respectively) with the first-generation BI
analogue, Gla-100, in a broad range of adults
with T2DM. These studies demonstrated non-
inferiority of Gla-300 or IDeg in reducing
HbA1c (primary endpoint) with less hypo-
glycemia, particularly nocturnal hypoglycemia,
compared with Gla-100 (secondary endpoint)
[9, 23–26, 28, 30, 33, 34, 37, 39]. Overall in the
phase IIIa registration studies, there was a sim-
ilar frequency and pattern of AEs in patients
treated with a second-generation BI (Gla-300 or
IDeg) compared with Gla-100. A summary of
these trials can be found in Appendix 1.

The dose of Gla-300 in these studies was
higher than that of Gla-100, particularly during
the titration phase, in order to achieve compa-
rable fasting plasma glucose levels
[19, 33, 34, 37]. However, despite a higher
insulin dose, weight gain in patients receiving
Gla-300 was significantly less than that in those
receiving Gla-100 in several trials
[19, 33, 34, 37]. In the BEGIN studies, the dose
of IDeg and Gla-100 was similar [3, 26, 39].
However, in two of the BEGIN trials the mean
insulin dose was significantly less with IDeg
versus Gla-100 [24, 28], although there was a
similar increase in body weight in the IDeg- and
Gla-100-treated patients [23, 25, 26, 28, 39].

A number of meta-analyses of phase IIIa tri-
als have evaluated Gla-300 or IDeg versus Gla-
100. Consistent with the outcomes reported in
the phase IIIa RCTs, these meta-analyses sup-
port less hypoglycemia with second-generation
versus first-generation BI analogues (Appendix
2) [20–22, 27, 29, 31, 32, 35, 36, 38, 40, 41].

A patient-level meta-analysis of the 6-month
EDITION studies demonstrated that Gla-300
(n = 2496) was as effective as Gla-100 in terms
of glycemia management, with significantly
lower confirmed (B 3.9 mmol/L [B 70 mg/dL])
or severe hypoglycemia episodes with Gla-300
than with Gla-100 during the night (relative risk
0.69, 95% confidence interval [CI] 0.58–0.81)
and at any time of day (relative risk 0.83, 95%
CI 0.77–0.89) [31]. A follow-up meta-analysis
showed that the hypoglycemia benefits of Gla-
300 versus Gla-100 were maintained at
12 months [32]. Investigators of other meta-
analyses of Gla-300 versus Gla-100 trials have
reported similar findings [20–22].

A pre-planned meta-analysis of IDeg phase
III (BEGIN) trials also revealed significantly
lower rates of overall confirmed and nocturnal
confirmed episodes of hypoglycemia with IDeg
(n = 2262) versus Gla-100 (n = 1110) (rate ratio
[RR] 0.83, 95% CI 0.74–0.94 vs. 0.68, 95% CI
0.57–0.82, respectively) in the overall T2DM
population [29]. Other investigators have also
reported comparable HbA1c control with lower
hypoglycemia for IDeg versus Gla-100
[27, 36, 38, 40].

Retrospective RWE corroborates a compara-
ble glycemic control and reduced hypoglycemia
with second-generation compared with first-
generation BI analogues [42–46], with potential
cost offsets from a reduction in healthcare uti-
lization and hospitalizations [44]. These find-
ings have been observed in both insulin-naı̈ve
T2DM populations [45, 46] and in participants
who switched from another BI analogue
[42–44]. The Differentiate Gla-300 clinical and
Economic in real-world Via EMR Data study
(DELIVER 2) was a retrospective observational
study that evaluated two propensity score-mat-
ched baseline cohorts consisting of 1819
patients on BI who switched to Gla-300 and
1819 participants who switched to another BI.
The change in HbA1c during the 6-month fol-
low-up period was identical (- 0.51% in both
cohorts; p = 0.928), but there was a significantly
lower incidence of hypoglycemia in the group
who switched to Gla-300 compared with those
switching to other BIs (15.4 vs 18.1%, respec-
tively; p = 0.015). Hypoglycemia was defined by
US medical codes for hypoglycemia and/or
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plasma glucose B 70 mg/dL. In this study there
were also a significant reduction in emergency
department (ED) and/or hospitalization admis-
sions associated with hypoglycemia, which
translated into lower healthcare resource uti-
lization and costs [44].

Looking at the evidence in totality compar-
ing second-generation with first-generation BIs,
it is apparent that the second-generation BIs
offer the clinical advantages of glycemic efficacy
with less hypoglycemia, which make them the
preferred consideration for people living with
diabetes.

Comparison of Second-Generation BI
Analogues

The more relevant clinical question, however, is
how do the second-generation BI analogues
compare to each other. A number of studies
have compared the second-generation BI ana-
logues Gla-300 and IDeg (100 U/mL or 200
U/mL) (Appendix 3) [45, 47–52], including
several RCTs, two of which employed a cross-
over design with continuous or flash glucose
monitoring (CGM) [47, 50]. Many of the
patients included in these comparator studies
had a number of risk factors for hypoglycemia,
although these factors were not independently
assessed in these studies.

An open-label, head-to-head, treat-to-target,
non-inferiority study (BRIGHT) compared sec-
ond-generation BI analogues Gla-300 (n = 466)
and IDeg (n = 463) 100 U/mL (IDeg-100) in
insulin-naı̈ve patients with uncontrolled T2DM.
In this multinational, multicenter trial, Gla-300
(n = 466) and IDeg-100 (n = 463) provided
similar improvement in HbA1c (primary end-
point). At week 24, the mean baseline HbA1c
values improved similarly from a baseline of
8.7% (72 mmol/mol) and 8.6% (70 mmol/mol)
in the Gla-300 and IDeg groups, respectively, to
a HbA1c level of 7.03% (53.3 mmol/mol) at
week 24 in both BI treatment groups (least
square mean [LSM] difference - 0.05%, 95% CI
- 0.15 to 0.05 and - 0.6 mmol/mol, 95% CI
- 1.7 to 0.6; p\0.0001). There was no statisti-
cally significant difference in the incidence or
event rates of hypoglycemia at any time of day

(24-h) or nocturnal hypoglycemia over
24 weeks. However, during the titration period
(0–12 weeks), the incidence and rate of anytime
(24-h) confirmed hypoglycemia (B 70
or\54 mg/dL) was lower with Gla-300 versus
IDeg. The incidence of confirmed (\54 mg/dL)
anytime hypoglycemia in the Gla-300 group
during the titration period was 7.8 vs 11.7%
with IDeg (odds ratio [OR] 0.63, 95% CI
0.40–0.99; p = 0.044) and event rate 0.49 versus
0.86, respectively (RR 0.57, 95% CI 0.34–0.97;
p = 0.038). Overall, during the 24-week period,
only one participant experienced severe hypo-
glycemia [49].

In 2019, Kawaguchi et al. reported similar
findings using CGM in a small, open-label,
randomized cross-over designed study involv-
ing 30 patients with T2DM from a single center
in Japan [47]. These authors reported that
patients treated with Gla-300 versus IDeg-100
had a significantly lower mean percentage of
time with hypoglycemia (\ 70 mg/dL) (1.3 vs.
5.5%; p = 0.002), severe hypoglycemia
(\54 mg/dL) (0.04 vs. 1.8%; p = 0.003) and
nocturnal hypoglycemia (\70 mg/dL from
00:00 to 06:00 hours) (1.1 vs. 4.2%; p = 0.009),
respectively. However, there was no difference
in the primary endpoint, which was the mean
percentage of time with target glucose range
70–180 mg/dL, between the two BIs (77.8 vs.
76.9%; p = 0.848) [47].

The open-label, randomized, head-to-head,
treat-to-target study, CONCLUDE, was designed
to assess the efficacy and safety of IDeg 200
U/mL versus Gla-300 in T2DM patients who
were on a BI analogue and at high risk of
hypoglycemia (n = 1609) [48]. The study was
designed to test for superiority of IDeg. The
primary endpoint was the number of severe
(requiring third-party assistance) or blood glu-
cose-confirmed (\56 mg/dL) symptomatic
hypoglycemic episodes during the maintenance
period. The investigators found no significant
difference between the two groups (RR 0.88,
95% CI 0.73–1.06). Since this primary outcome
was not met, the other study outcomes, i.e.
showing a lower rate of nocturnal symptomatic
and severe hypoglycemia with IDeg-200 com-
pared to Gla-300, were considered to be
exploratory. Several factors should be
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considered when interpreting CONCLUDE data,
such as the exclusion of patients who were
taking sulfonylureas and inaccuracy issues with
the blood glucose meters initially used in the
titration phase and maintenance period of the
study; these factors necessitated a substantial
amendment to and change of measurement
device and follow-up time [48].

RWE studies comparing the two second-
generation BI analogues (Gla-300 and IDeg)
have shown differing results. In a retrospective,
observational, cohort study of US medical
records (DELIVER D?), adult patients with
T2DM and a number of high-risk characteristics
(n = 3184) switching from a first-generation
insulin analogue (Gla-100 or IDet) to a second-
generation BI analogue (Gla-300 or IDeg) had
comparable improvements in glycemic control
[51]. The switchers to Gla-300 or IDeg were
propensity score-matched using baseline
demographic and clinical characteristics. The
mean HbA1c in the Gla-300 switchers (n = 742)
decreased from 9.05% to 8.41% (- 0.63;
p\0.001) and for IDeg (n = 727) from 9.02%
to 8.44% (- 0.58; p\0.001) (p value for differ-
ence between the two BIs was 0.488). A total of
15.1% of Gla-300 switchers versus 16.1% IDeg
switchers reached an HbA1c target of\ 7%
(p = 0.628). The authors reported no statistically
significant difference in hypoglycemia inci-
dence or hypoglycemia event rates between the
Gla-300 and IDeg arms of the study. Using
6-month fixed follow-up (intention-to-treat
method) the incidence of hypoglycemia for Gla-
300 (n = 1592) and IDeg (n = 1592), after
adjusted for baseline hypoglycemia incidence,
was 12.7% in both treatment cohorts (OR 0.97,
95% CI 0.78–1.20; p = 0.745). Similarly, there
was no difference in the adjusted hypoglycemia
event rate between the two second-generation
BI analogues (LSM difference - 0.03, 95% CI
- 0.13 to 0.08; p = 0.617) [51].

CONFIRM was a retrospective, observational
study that compared the effectiveness of IDeg-
100 or 200 units/mL and Gla-300 in insulin-
naı̈ve adult patients with T2DM from electronic
health records in the USA [52]. In this study
there was a greater reduction in the change in
baseline HbA1c from treatment initiation until
180 days of follow-up in the IDeg (n = 671)

versus the Gla-300-treated group (n = 749) (es-
timated treatment difference - 0.27%, 95% CI
- 0.51 to - 0.03; p = 0.03) [primary endpoint]).
However, this result was not generated from the
propensity score-matched population and so
may be attributable to fundamental differences
in the patient populations rather than
attributable to the treatment given. A greater
change in the rate of hypoglycemia (RR 0.70;
p\0.05) with IDeg compared with Gla-300 was
reported although there were differences in
rates of hypoglycemia at baseline between the
two groups [52].

Interestingly, another retrospective observa-
tional study (DELIVER Naı̈ve D) [45] using the
same US electronic health records as CONFIRM
[52], also compared glycemic control, hypo-
glycemia and treatment discontinuation of Gla-
300 and IDeg in propensity-score matched
cohorts (n = 638 per treatment group) in insulin-
naı̈ve adults with T2DM from baseline to 3–
6 months of follow-up. In contrast to CONFIRM,
this study demonstrated comparable HbA1c
decreases, HbA1c target attainment and treat-
ment discontinuation. Overall and inpatient/
ED-associated hypoglycemia incidences and
event rates were also similar in both cohorts [45].

Taken all together, it would appear that the
two second-generation BI analogues are effective
BIs with similar glycemic efficacy and similar
overall hypoglycemia. Less hypoglycemia was
observedwithGla-300 during the titration period
in insulin-naı̈ve individuals with T2DM. Similar
hypoglycemia was seen during the maintenance
phase among those on BI. Therefore, the more
important clinical interpretation of these data is
that (1) second-generation BI analogues are better
than their first-generation counterparts and
should beusedpreferentially and (2) the choice of
which second-generation BI analogue to use
should be based on practical differences, such as
cost, access, device and others.

HIGH-RISK GROUPS
FOR HYPOGLYCEMIA AND OTHER
SPECIAL POPULATIONS

Given that one of the primary advantages of the
second-generation BI is the reduction in
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hypoglycemia in the overall diabetes popula-
tion, are there data specifically in high-risk
groups for hypoglycemia? In particular, older
adults (C 65 years), those with renal insuffi-
ciency, longer duration of diabetes or duration
on insulin treatment and those with prior sev-
ere hypoglycemia are at higher risk of hypo-
glycemia. The focus of this section is the
evaluation of hypoglycemia risk with second-
generation BI analogues in the aforementioned
patient populations.

Older Adults

It is estimated that approximately 40% of peo-
ple with T2DM are C 65 years of age [53]. Pop-
ulation-based cohort studies show that older
individuals have a substantially increased risk of
morbidity and mortality compared to younger
people with T2DM [8]. Older adults with dia-
betes often have an increased duration of dia-
betes and other comorbidities, such as CV
events, retinopathy and renal impairment [8].
Impaired cognitive function, dementia and falls
are also increased in older persons compared to
younger people with T2DM [54, 55]. All of these
factors increase the complexity of managing
older people with T2DM [55] and may sub-
stantially increase the risk of hospitalization for
hypoglycemia and associated death [8, 56].

Hospitalization rates for hypoglycemia
reported in a large retrospective observational
study carried out in the USA from 1999 to 2011
were two-fold higher in persons aged C 75 years
compared to those aged 65–74 years [57]. In a
2-year prospective study, 124 subjects with
T2DM aged C 80 years were hospitalized with
hypoglycemia, of whom 31 (25%) had severe
hypoglycemia (defined as a symptomatic event
requiring treatment with intravenous glucose
and confirmed blood glucose level of\ 50 mg/
dL). This group of patients had marked comor-
bidity and was found to have HbA1c values of
5.1%, indicating that their diabetes was well
controlled [58].

The specific mechanisms for an increased
risk of severe or fatal hypoglycemia with age is
unclear [59]. Experimental and clinical data in
small numbers of subjects suggests that

hypoglycemia symptoms and counterregulatory
hormone responses in older people with T2DM
may be different to those observed in younger
people treated with insulin [7, 59–61]. Using a
retrospective questionnaire, Japp et al. reported
that older adults C 70 years (n = 102) treated
with insulin generally had a low intensity of
‘classic’ hypoglycemia symptoms (e.g. light-
headedness and unsteadiness) and more neu-
rological symptoms, with the latter possibly
being less readily identified and erroneously
attributed to other causes [60]. In an experi-
mental study of healthy men, Matyka et al.
found subjects aged 60–70 years of age (n = 7)
were more prone to severe cognitive impair-
ment during hypoglycemia compared to
younger men (n = 7) and also less likely to
report warning symptoms [61]. Using hyperin-
sulinemic glucose clamp studies, Meneilly et al.
reported that older adults with T2DM who did
not have obesity (n = 10) had significant alter-
ations in the release of counterregulatory hor-
mones in response to hypoglycemia compared
to older adults who did not have T2DM and
obesity (n = 10) [59]. In this study, the older
adults with T2DM also had decreased awareness
of hypoglycemia symptoms and of alterations
in cognitive function in response to low glucose
values, which the authors proposed may pre-
dispose them to severe hypoglycemia [59].

Given an increased risk of hypoglycemia in
older adults, agents that achieve the HbA1c
target with a lower risk of hypoglycemia may be
particularly advantageous in this vulnerable
patient population.

Second-Generation BI Analogues in Older
Adults
A number of meta-analyses [62–64], as well as
one prospectively designed RCT [65], post-hoc
analyses and RWE [42, 43, 66, 67], have evalu-
ated the risk of hypoglycemia with second-
generation BI analogues in older people, as
summarized in Table 1.

Several meta-analyses of the EDITION and
BEGIN studies have assessed the effectiveness
and safety of second-generation BI analogues
for the treatment of T2DM in older versus
younger subjects [35, 62–64]. A patient-level
meta-analysis of EDITION 1, 2 and 3 revealed
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that there was a comparable reduction in HbA1c
and a lower risk of nocturnal hypoglycemia
with Gla-300 versus Gla-100, which was more
apparent in the subgroup of subjects aged
C 65 years (mean age 69.6 years) than in that
aged\65 years (mean age 54.7 years) (relative
risk 0.77, 95% CI 0.68–0.87 vs. 0.70, 95% CI
0.57–0.85, respectively) [64]. The composite
endpoint of the percentage of
patients C 65 years reaching HbA1c target
(\7.0 or\7.5%) at 6 months without con-
firmed (B 3.9 mmol/L [B 70 mg/dL]
or\3.0 mmol/L [or\ 54 mg/dL]) or severe
hypoglycemia at night [00:00–05:59 hours] was
significantly higher for Gla-300 versus Gla-100
(all p\0.05) [64]. The percentage of partici-
pants experiencing treatment-emergent adverse
events (TEAEs) was similar for both insulins
(58.4 vs. 56.0% in participants aged C 65 years
and 56.9 vs. 52.8% in participants
aged\65 years for Gla-300 and Gla-100,
respectively). The incidence of serious TEAEs
was slightly higher in the older age group (8.6
and 7.5% for Gla-300 and Gla-100, respectively)
than in the younger age group (4.0% for both
treatment groups). The incidence of TEAEs
leading to death or treatment discontinuation
was low (\2%) across both treatments and age
cohorts [64].

Sorli et al. undertook a prospective, pre-
planned meta-analysis of pooled patient-level
data in older adults C 65 years (n = 856/3387;
mean age 70 years) from five BEGIN trials
involving patients with T2DM [63]. In this
meta-analysis, older adults with T2DM taking
IDeg had a 24% lower estimated rate of overall
confirmed hypoglycemia (\ 3.1 mmol/L) versus
Gla-100 (estimated rate ratio [ERR] 0.76; 95% CI
0.61–0.95) in the total treatment period. Simi-
larly, nocturnal confirmed hypoglycemia (from
00:01 to 05:59 hours) was 36% lower in the IDeg
group than in the Gla-100 group (ERR 0.64; 95%
CI 0.43–0.95) in the total treatment period.
TEAEs aside from hypoglycemia were not
reported in the published meta-analysis of
BEGIN studies [63]. The hypoglycemic benefits
with IDeg relative to Gla-100 in this meta-
analysis of older adults were consistent with
those seen in the full adult patient population
reported by Ratner et al. [29].

A post-hoc analysis of data from the 32-week,
randomized, double-blind, cross-over SWITCH
2 trial assessed overall symptomatic hypo-
glycemia events during the maintenance period
(primary endpoint) in older ([65 years;
n = 270; median age 71.5 years) and younger
individuals (B 65 years; n = 450; median age
56.6 years) with T2DM who were randomized to
either the IDeg or Gla-100 treatment arm [66].
Baseline median (range) duration of diabetes
was 12 (1–40) versus 15 (1–54) years, with a
mean eGFR of 87.0 versus 63.7 mL/min/1.73 m2

in the younger versus older cohorts, respec-
tively. There was no statistically significant dif-
ference in the older versus younger participants
in terms of the estimate risk of overall symp-
tomatic hypoglycemia (RR 1.05, 95% CI
0.79–1.40; p = 0.73) or nocturnal symptomatic
hypoglycemia (RR 0.93, 95% CI 0.63–1.36;
p = 0.70). During both maintenance periods,
treatment with IDeg lowered the rates of overall
severe and blood glucose-confirmed symp-
tomatic hypoglycemia by 30 and 31% versus
Gla-100 in individuals aged[65 years and B

65 years, respectively. The treatment ratio was
0.70 (95% CI 0.56–0.88; p = 0.0023) in the older
group IDeg/Gla-100 and 0.69 (95% CI
0.58–0.83; p\0.0001) in the younger group.
Similarly, the reduction in the rate of nocturnal
symptomatic hypoglycemia or blood glucose-
confirmed symptomatic hypoglycemia with
IDeg versus Gla-100 was 41 and 43%, respec-
tively (0.59; 95% CI 0.39–0.89; p = 0.012), in
the older group and 0.57 (95% CI 0.42–0.78;
p\0.0005) in the younger group. In the total
population the rate of severe hypoglycemia in
the IDeg and Gla-100 arms was not significantly
different (1.6 vs. 2.4%; p = 0.35) [11]; however,
there were very few severe hypoglycemia events
overall: six and nine severe hypoglycemic
events occurred in individuals aged B 65 years
in the IDeg and Gla-100 arms, respectively, and
four and eight such events occurred in those
aged[65 years, respectively. Adverse event (AE)
rates in the IDeg and Gla-100 groups were 3.2
and 3.3 events/patient per year, respectively, for
individuals aged B 65 years and 3.5 and 4.1
events/patient per year, respectively, for indi-
viduals aged[65 years [66].
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Pratley et al. undertook a post-hoc analysis of
the DEVOTE (CV outcomes trial comparing
IDeg with Gla-100) population to investigate
the effect of increased age and major CV events
(primary endpoint) and severe hypoglycemia
(secondary endpoint) [67]. Randomized
patients (n = 7637; mean age 65 years) on either
IDeg or Gla-100 were included in this analysis
and divided into three age groups: 50–64 years
(n = 3682); 65–74 years (n = 3136)
and C 75 years (n = 819). The investigators
reported that with increasing age there was a
significantly greater risk of CV death (hazard
ratio [HR] 1.47, 95% CI 1.02–2.12) in partici-
pants aged C 75 years compared to those aged
50–64 years). All-cause mortality was also
higher in those aged C 75 years versus individ-
uals aged 50–64 years (HR 2.06, 95% CI
1.56–2.73) and in those aged 65–74 years (HR
1.75, 95% CI 1.36–2.26). Patients randomized to
IDeg had a lower risk of severe hypoglycemia
compared to those randomized to Gla-100. The
rate ratios were significantly lower for people
aged 65–74 years (RR 0.65, 95% CI 0.45–0.93)
and those aged 50–64 years (RR 0.55, 95% CI
0.39–0.77) in the IDeg- versus Gla-100-treated
patients, but not in the patients aged C 75 years
(RR 0.76, 95% CI 0.39–1.49). Similarly, the risk
of severe hypoglycemia was significantly less in
patients aged 50–64 years (RR 0.33, 95% CI
0.17–0.63) but not in the higher aged groups.
The oldest age group (C 75 years) had signifi-
cantly higher rates of serious AEs. The most
frequent serious AEs were cardiac disorders,
which were reported in 19% of patients aged C

75 years, 15.5% of those aged 50–64 years and
15% of subjects aged 50–64 years. The authors
concluded that further data for the risk of
hypoglycemia were warranted in older individ-
uals C 75 years [67].

There is one prospectively designed, open-
label, RCT in older adults (C 65 years; mean age
71 years; n = 1014) (SENIOR study) that inves-
tigated the efficacy and safety of Gla-300 in this
at-risk population [65]. Eligible patients, who
were either insulin naı̈ve or previously on BI,
were randomized to Gla-300 (n = 508) or Gla-
100 (n = 505). Overall, there were 135 partici-
pants (26.6%) in the Gla-300 group and 106
participants (20.9%) in the Gla-100 group, all

aged C 75 years. The BIs were self-administered
once daily at the same time each day ± 3 h [65].
The fasting plasma glucose target used in this
study was 5–7.2 mmol/L, which is consistent
with the American Diabetes Association/Euro-
pean Society for the Study of Diabetes (ADA/
EASD) HbA1c recommended glycemic target in
older adults [1].

SENIOR investigators assessed the percentage
of participants with one or more confirmed
(B 3.9 mmol/L [B 70 mg/dL] or severe hypo-
glycemic events occurring at any time of day
[24 h] or at night [00:00–05:59 h or 22:00–08:59
hours]), the percentage of participants experi-
encing hypoglycemic events and annualized
rates of hypoglycemia at either threshold
(B 3.9 mmol [B 70 mg/dL] and\3.0 mmol/L
[\ 54 mg/dL]) at any time of day [24 h] and at
night [00:00–05:59 hours]) over 26 weeks of
treatment with Gla-300 versus Gla-100 [65]. The
authors reported a significantly lower incidence
of symptomatic (\3.0 mmol/L [\54 mg/dL])
hypoglycemia at any time of the day (24 h) with
Gla-300 in the very old subgroup of participants
aged C 75 years versus Gla-100-treated patients
(1.5 vs. 10.4%; relative risk 0.33, 95% CI
0.12–0.88). Similarly, there was a statistically
significant lower annualized rate of hypo-
glycemia versus Gla-100-treated patients in
those aged C 75 years treated with Gla-300 or
symptomatic hypoglycemia (\3.0 mmol/L
[\ 54 mg/dL) (0.03 vs. 0.35 events/participant/
year; RR 0.08, 95% CI 0.02–0.42) and confirmed
(\3.0 mmol/L [\54 mg/dL) or severe hypo-
glycemia at any time of the day (24 h) (0.18 vs.
0.51 events/participant/year; RR 0.36, 95% CI
0.15–0.89). However, in the overall population
(C 65 years), the incidence and rates of con-
firmed (B 3.9 mmol/L [B 70 mg /dL]) or severe
hypoglycemia events were low and not statisti-
cally different between treatment groups. There
was no statistically significant difference in
nocturnal hypoglycemia between the treatment
groups [65].

In terms of overall safety, TEAEs were repor-
ted in 58.9% of those on Gla-300 and in 60.2%
of those on Gla-100, with infections being the
most commonly reported AE (25.8 and 29.7%
for the Gla-300 and Gla-100 patients, respec-
tively). The incidence of TEAEs among
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participants aged C 75 years was similar to the
overall incidence in the C 65-year-old popula-
tion. Overall, the SENIOR study supports a
comparable safety and tolerability profile of
Gla-300 in the older adult population, includ-
ing people C 75 years of age. However, a limi-
tation of this study was that patients with
cognitive disorders or dementia (Mini-Mental
State Examination score\ 24) were excluded
from the analysis [65].

The RWE in older adults appears to confirm
the above findings. DELIVER 3, a retrospective,
observational cohort study of US electronic
medical records in patients aged C 65 years
(n = 1176; mean age 71.8 years), supports the
efficacy and safety of Gla-300 in older persons
in clinical practice [42]. In this study, older
adults had a reduced rate of hypoglycemic
events after switching from BI to Gla-300 versus
switching to a first-generation BI analogue. The
adjusted rate ratio of hypoglycemia (aRR) for
subjects switching to Gla-300 was 0.63 (95% CI
0.53–0.75; p\0.001), and inpatient/ED-associ-
ated hypoglycemia aRR was 0.58 (95% CI
0.37–0.90; p = 0.016). The aRR for inpatient/ED-
associated hypoglycemia in subjects switching
to Gla-300 was 0.43 (95% CI 0.31–0.60;
p\0.001) by variable follow-up [42].

Utilizing information from a US electronic
health records database, the LIGHTNING
investigators predicted the rate of severe hypo-
glycemia with second-generation BI analogues
across various categories of patients with high
hypoglycemia risk, including older adults, in
both insulin-naı̈ve patients aged C 65 years
(n = 20,885) and C 75 years of age (n = 10,325)
and in patients switching from another BI ana-
logue who were C 65 years (n = 15,837) and C

75 years of age (n = 5654). In all these subanal-
yses there was numerically less predicted severe
hypoglycemia with Gla-300 or IDeg versus
either Gla-100 or IDet; however, the difference
was not statistically significant in some sub-
groups [43]. It should be noted that in this
analysis no test for heterogeneity was carried
out between the subgroups and the overall
population.

Comments and Recommendations for Older
Adults
In summary, the advantages of second-genera-
tion BI analogues are maintained in the older
adult population. The consequences of hypo-
glycemia are often more pronounced in older
persons who may have coexisting morbidities.
In clinical circumstances where insulin treat-
ment is warranted in older adults, a second-
generation BI analogue, which reduces the risk
of hypoglycemia, may be preferable to a first-
generation analogue. In addition, the greater
flexibility and convenience of a once-daily
injection of a second-generation BI analogue is
beneficial in this population who may rely on
caretakers to administer insulin. However, fur-
ther data on the use of second-generation BI
analogues in those aged[ 75 years and in older
individuals with concomitant cognitive
impairment or dementia would be useful.

Renal Insufficiency

Renal impairment is an independent risk factor
for severe hypoglycemia [12]; therefore, dia-
betes management in patients with renal dis-
ease warrants special consideration. For each
micromole per liter increase in serum crea-
tinine, the risk of a severe hypoglycemic event
has been shown to increase by 1% [6]. Both
Moen et al. [68] and Davis et al. [13] reported at
least a twofold increased risk of severe hypo-
glycemia in patients with eGFR\ 60 mL/min/
1.73 m2. The reasons for an increased risk of
hypoglycemia include an inability to clear
insulin or other renally excreted OHA and
impaired gluconeogenesis. In patients with
severe renal impairment, anorexia with subop-
timal nutrition may lead to a reduction in
glycogen stores [12].

Second-Generation BI Analogues in Patients
with Renal Insufficiency
There are no RCTs that have specifically asses-
sed the use of second-generation BI in people
with T2DM and renal insufficiency. However,
the use of these agents in this at-risk population
can be gleaned from a meta-analysis of Gla-300
RCTs [69], some exploratory data from a
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subgroup analysis of BRIGHT [70] and predic-
tive modeling data based on RWE from the
LIGHTNING study [43].

Javier Escalada et al. performed a patient-
level, post-hoc meta-analysis of all patients
enrolled in the EDITION 1, 2 and 3 studies
(n = 2496) who were randomized to receive Gla-
300 or Gla-100. Pooled 6-month results were
assessed according to baseline renal function:
eGFR C 60 mL/min/1.73 m2 or 15 to\60 mL/
min/1.73 m2. Patients with eGFR\ 15 mL/min/
1.73 m2 were not included in this analysis as
these patients were excluded from the EDITION
studies. The mean baseline eGFR was 48.6 mL/
min/1.73 m2 in the lower eGFR group and
85 mL/min/1.73 m2 in the higher eGFR group
[69]. Overall, more patients in the lower eGFR
subgroup experienced hypoglycemia compared
with the higher eGFR subgroup. The authors
reported a reduced risk of nocturnal confirmed
(B 3.9 mmol/L [B 70 mg/dL]) or severe hypo-
glycemia with Gla-300 versus Gla-100 in both
renal function subgroups (eGFR\ 60 mL/min/
1.73 m2: RR 0.76, 95% CI 0.62–0.94;
eGFR C 60 mL/min/1.73 m2: RR 0.75, 95% CI
0.67–0.85). For confirmed (B 70 mg/dL
[B 3.9 mmol/L]) or severe hypoglycemia at any
time of day, the hypoglycemia risk was lower
with Gla-300 than with Gla-100 in both the
lower (RR 0.94, 95% CI 0.86–1.03) and higher
(RR 0.90, 95% CI 0.85–0.95) eGFR cohorts [69].
The frequency of TEAEs were similar between
the Gla-300- and Gla-100-treated patients,
although more TEAEs were reported in partici-
pants with poorer renal sufficiency
(eGFR\60 mL/min/1.73 m2) versus the group
with a higher eGFR (C 60 mL/min/1.73 m2). In
the lower eGFR subgroup, 64.7 and 59.4% of
participants in the Gla-300 and Gla-100 treat-
ment groups, respectively, experienced TEAEs
compared with 55.8 and 52.5% of participants
in the Gla-300 and Gla-100 treatment groups,
respectively, in the higher eGFR subgroup [69].

The SWITCH 2 cross-over study compared
the efficacy and safety of IDeg (n = 360) versus
Gla-100 (n = 360) in T2DM patients previously
on prior BI who were at risk of hypoglycemia,
including individuals with moderate chronic
renal failure. In this study, approximately 16%
of patients (n = 159) had pre-existing moderate

chronic renal failure (eGFR 30–59 mL/min/1.73
m2) [11]. However, the results have not been
assessed according to baseline renal function.

The BRIGHT investigators carried out a pre-
specified subgroup analysis of Gla-300 versus
IDeg in insulin-naı̈ve patients according to
baseline eGFR C 90 (n = 467 ([0%]), 60 to\90
(n = 265 ([0%]) and\60 mL/min/1.73 m2

(n = 96 [0%]). The percentage change in HbA1c
from baseline to week 24 was comparable in the
renal subgroups with eGFR C 90 and 60
to\90 mL/min/1.73 m2; however, patients
with eGFR\ 60 mL/min/1.73 m2 randomized
to Gla-300 (n = 47) had a statistically greater
change in HbA1c compared to IDeg patients
(n = 49) (0.43; 95% CI - 0.74 to - 0.12). There
were no differences in hypoglycemia incidence
or rates over 24 weeks in the\ 60 mL/min1.73
m2 subgroup. Further investigation is required
to determine if Gla-300 may allow more effec-
tive glycemia management in this vulnerable
population [70].

The only RWE in this population comes from
the LIGHTNING study investigators who uti-
lized predictive modeling to compare hypo-
glycemia rates using data from a US electronic
health records database. These authors analyzed
subgroups of patients who were insulin-naı̈ve
(n = 19,205) or who switched from another BI
analogue (n = 15,889) and who had moder-
ate/severe renal impairment, defined as com-
promised eGFR (\ 60 mL/min/1.73m2),
nephropathy, proteinuria or dialysis. In the
insulin-naı̈ve cohort, there was a statistically
significant lower predicted rate of severe hypo-
glycemia in patients with moderate to severe
renal impairment with Gla-300 versus first-
generation BI analogues (Gla-100 and IDet), as
well as in the BI switch cohort versus IDet (all
p\0.05) [42].

Comments and Recommendations for Patients
with Renal Insufficiency
Reduced hypoglycemia with second-generation
compared to first-generation BI analogues
appears to be maintained in subjects with renal
impairment. Given that this population is par-
ticularly vulnerable for hypoglycemia, espe-
cially when the eGFR falls below 45 mL/min/
1.73 m2, there is an unmet need to identify safer
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treatment options for this group. The data to
date support the use of second-generation BI
analogues preferentially over first-generation BI
analogues, given the lower risk of hypoglycemia
in this population. A subanalysis of the BRIGHT
study suggests that Gla-300 may provide greater
HbA1c reduction in the group with
eGFR\ 60 mL/min/1.73m2 compared to IDeg,
with no increase in hypoglycemia [69], but this
remains to be proven definitively. However,
further data are required in patients with sig-
nificantly lower eGFR (i.e. severe/end stage
renal failure [eGFR\15 mL/min/1.73 m2]) to
confirm the safety of longer duration insulins in
this patient population.

Prior Hypoglycemia

Retrospective studies suggest that prior severe
hypoglycemia is an independent risk factor for
subsequent hypoglycemia [12, 13]. Recurring
hypoglycemia episodes can lead to a defective
hormonal counter-regulatory response to
hypoglycemia, or a failure to recognize an
impending hypoglycemic event [12]. Second-
generation phase III registration studies inclu-
ded participants with prior hypoglycemic
events; however, we did not identify a ran-
domized controlled study that evaluated par-
ticipants with prior hypoglycemia.

Several RCTs and real-world analyses
[11, 42, 43, 48, 71] have specifically aimed to
include participants at a higher risk of hypo-
glycemia, such as those with a history of
hypoglycemia or severe hypoglycemia. How-
ever, none of these investigations have pro-
vided further analyses to determine whether or
not hypoglycemia benefits were realized in
those with a documented history of
hypoglycemia.

Additionally, there was a small, before/after
pilot study in a single center in Columbia,
involving 60 patients with either unstable type
1 diabetes mellitus (T1DM; 27.6%) or type 2 DM
(T2DM; 72.4%) on basal-bolus insulin who had
prior hypoglycemia, who switched from a first-
generation BI to IDeg for 12 weeks [72]. Based
on the results of a CGM test performed at the
first study visit, participants were classified into

low (n = 42) or high glycemic variability
(n = 18), with a coefficient of variation thresh-
old of 34%. In the subgroup of patients with
high glycemic variability, the percentage of
patients with C 1 episode of hypoglycemia
within 24 h (\54 mg/dL for at least 20 min)
decreased from 66.6 to 22.2% (p = 0.02); how-
ever, this decrease was not observed in the low
basal glycemic variability group. The percentage
of patients who had C 1 episode of nocturnal
hypoglycemia (\ 54 mg/dL between 00:01 and
0.5:59 hours) also decreased from 37.14 to
5.71% (RR 0.154; 95% CI 0.017–0.678;
p\0.01). Changes were not significant in
individuals with low glycemic variability at first
visit [72].

Comments and Recommendations in Patients
with Prior Hypoglycemia
Given the impact that hypoglycemia episodes
can have on one’s ability to recognize future
hypoglycemic symptoms, management of peo-
ple with T2DM with a known history of hypo-
glycemia should prioritize therapies that are
known to reduce the risk. However, based on
the limited data available to date, it cannot be
concluded that second-generation BI analogues
confer less hypoglycemia than other BI. As
numerous studies have included such patients,
it would be prudent to carry out the appropriate
subgroup analyses to determine if these insulins
should also be prioritized in people with T2DM
requiring insulin treatment.

Duration of Diabetes/Duration of Insulin
Use

Duration of diabetes and duration on insulin
treatment have both been associated with an
increased risk of hypoglycemia. In the UKPDS
study, rates of severe hypoglycemia rose once
known diabetes duration exceeded 9 years [73].
Davis et al. reported that an increase of 1 year
on insulin was independently associated with
an increased risk of time to first severe hypo-
glycemic event during follow-up (HR 1.33, 95%
CI 1.15–1.53; p\ 0.001) [13].

Published studies have shown that second-
generation BIs are as effective as Gla-100 at

Diabetes Ther (2020) 11:2555–2593 2569



controlling HbA1c, with a similar or lower risk
of hypoglycemia in a broad range of patients,
including high-risk patients with a long dura-
tion of diabetes ([10 years) and those with a
long duration on insulin treatment ([ 5 years)
[11, 23, 30, 35, 65, 69].

In the phase IIIa Gla-300 studies, the average
duration of diabetes in the subjects enrolled in
the EDITION studies was 12.7 years. In a meta-
analysis of these studies, comparable glycemic
control was achieved in patients on Gla-300 or
Gla-100 with a diabetes duration of\10 years)
(n = 970) and in patients with a diabetes dura-
tion of C 10 years (n = 1496) (LS mean differ-
ence - 0.09, 95% CI - 0.21 to 0.03 and 0.05,
95% CI - 0.04 to 0.15, respectively] [35]. Simi-
larly, there was no difference in glycemic con-
trol according to age at onset of diabetes
(\40 years, 40–50 years and[50 years)
between Gla-300 and Gla-100 in the EDITION
studies [35]. The mean age of onset of diabetes
was 46.5 years. The lower risk of C 1 nocturnal
(00:00–05:59 hours) confirmed (B 3.9 mmol/L
[B 70 mg/dL]) or severe hypoglycemic event
with Gla-300 versus Gla-100 was also unaffected
by baseline duration of diabetes or age of onset
[35]. It should be noted, however, that this
meta-analysis did not perform a test for
heterogeneity between the subgroups and the
overall population, meaning that the results
should not be viewed as conclusive.

Additionally, in a post-hoc, patient-level
analysis of EDITION 1 and 2 studies, Bon-
adonna et al. assessed the impact of the dura-
tion of prior BI treatment on study outcomes in
1618 people with T2DM receiving Gla-300 or
Gla-100 for 6 months. A lower risk of C 1 con-
firmed (B 3.9 mmol/L [B 70 mg/dL]) or severe
hypoglycemic event, at night or any time
(24 h), in patients on Gla-300 versus Gla-100
was unaffected by the duration of prior BI
therapy, including those with a treatment
duration[5 years [41].

Comments and Recommendations in Patients
with Long Duration of Diabetes/Long Duration
on Insulin
Patients with a longer duration of diabetes or
longer insulin use are at higher risk of devel-
oping hypoglycemia. The benefits of second-

generation BI analogues over first-generation BI
analogues appear to be maintained among these
patients, including those who have required
basal insulin for [ 5 years. However, further
robust analysis of people who have required
insulin for longer periods (e.g.[ 15 years) is
warranted to gauge if this benefit persists over
the longer term.

SPECIAL POPULATIONS

CV Disease

An association between severe hypoglycemia
and CVD is well established [5, 6]. A systematic
review and meta-analysis in over 900,000
patients with 1–5.6 years of follow-up found
that severe hypoglycemia was associated with a
doubling of the risk of CVD in people with
T2DM (p\ 0.001) [5].

A dedicated CV outcomes trial (DEVOTE)
involving 7637 participants with T2DM at high
CV risk demonstrated the CV safety of IDeg
compared to Gla-100. Most patients (85.2%)
had established CVD, CKD or both at baseline,
with a mean age of 65 years and a mean dura-
tion of diabetes of 16.4 years. The authors
reported a 40% statistically significant reduc-
tion in adjudicated severe hypoglycemia with
IDeg versus Gla-100 (4.9 vs. 6.6%; RR 0.60;
p\0.001) at similar levels of glycemic control.
The large number of patients and longer dura-
tion of a CV outcome trial compared to usual
glycemic studies likely allowed for sufficient
statistical power to demonstrate the difference
in severe hypoglycemia that has not been
shown in other studies [74].

A pre-specified secondary analysis (DEVOTE
14) investigated baseline factors and treatment
differences associated with an increased risk of
hospitalization for heart failure (hHF), includ-
ing an association with severe hypoglycemia.
Overall, the time to first hHF was not statisti-
cally significant between IDeg- and Gla-100-
treated patients. Hospitalization for HF occur-
red in 4.6% of IDeg patients, with a rate of 3.42
events/100 patient-years of observation, and in
5.2% of Gla-100 patients, with a rate of 3.85
events/100 patient-years of observation (HR
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0.88, 95% CI 0.72–1.08; p = 0.227). Although
this trial was not powered to compare differ-
ences in hHF or the relationship between severe
hypoglycemia and the risk of hHF, the authors
found that the risk of hHF (at any time to the
end of the trial) more than doubled (HR 2.2, 10
vs. 18 events; p = 0.0002) after experiencing an
episode of severe hypoglycemia compared with
before an episode [75].

Amod et al. undertook a secondary, pooled
analysis (DEVOTE 11) of outcomes according to
baseline eGFR (C 90, 60 to\90, 30 to\60
and\ 30 mL/min/1.73 m2) in 7522 patients.
They found that the risks of major adverse car-
diovascular events, CV death and all-cause
mortality significantly increased with worsen-
ing baseline eGFR category (p\ 0.05). Numeri-
cally, there were higher rates of severe
hypoglycemia with more advanced baseline
eGFR category; however, this difference did not
reach statistical significance [76].

The CV safety of Gla-100 was established in
the Outcome Reduction with Initial Glargine
Intervention (ORIGIN) study [77]. Regulatory
bodies assessed that that Gla-300 is sufficiently
similar to Gla-100 in terms of metabolites that
there was no need for another CV safety trial to
be conducted with Gla-300.

Comments and Recommendations in Patients
with CVD
The second-generation BI analogues have been
shown to be safe from a CV perspective. The
reduction in severe hypoglycemia with IDeg
compared to Gla-100 observed in the DEVOTE
trial supports the expectation of less hypo-
glycemia with second-generation BI analogues.
Therefore, in patients with CVD the second-
generation BI analogues remain a safe and
effective option for glycemic control.

Obesity

Patients with T2DM and obesity (BMI C 30 kg/
m2) have greater insulin resistance [78]. These
patients generally require larger insulin doses to
control glucose levels. Hence, BIs with more
units per volume are advantageous in this

patient population, as a lower volume can be
administered.

Most patients in the EDITION and BEGIN
pivotal clinical trials had obesity. The mean BMI
of patients in the EDITION studies was 34.8
(range 32.8–36.6) kg/m2 [35] and that of the
T2DM patients in the BEGIN studies was
30.14 kg/m2 [29].

In a post-hoc, patient-level meta-analysis
conducted by Twigg et al., Gla-300 and Gla-100
were comparable in terms of glycemic control in
patients with BMI\ 30 kg/m2 (n = 617) and
those with BMI C 30 kg/m2 (n = 1857) (LS mean
difference 0.03, 95% CI - 0.12 to 0.17, and -

0.01, 95% CI - 0.10 to 0.07, respectively] [36].
The lower risk of C 1 nocturnal (00:00–-
05:59 hours) confirmed (B 3.9 mmol/L
[B 70 mg/dL]) or severe hypoglycemic event
with Gla-300 versus Gla-100 was unaffected by
baseline BMI [35]. However, the heterogeneity
testing in this analysis was not performed
against the main population, thereby limiting
the interpretation of these results.

Results for RWE studies also support the
efficacy and safety of second-generation BIs in
individuals with T2DM and obesity
[42, 43, 51, 52]. For example, in the DELIVER 3
[42], DELIVER Naı̈ve [46], DELIVER Naı̈ve D
[45], DELIVER D?, [51] CONFIRM [52] and
LIGHTNING [43] studies, the mean baseline
BMI of patients was approximately 33–35 kg/
m2. Similarly, most patients in the SWITCH 2
double-blind, cross-over study with IDeg versus
Gla-100 had obesity, with an mean BMI of
32.2 kg/m2.[11]

Comments and Recommendations in People
with Obesity
It appears that the benefits of second-genera-
tion BI analogues compared to first-generation
BI analogues are preserved in those with an
elevated BMI. Dose requirements are higher in
this population. In the case of Gla-300, RCTs
have shown a slightly higher insulin dose
requirement for this medication than for Gla-
100 [1, 30, 37]. The increase in insulin dose,
however, was weight neutral and did not cause
further weight gain [19, 30, 37]. Among patients
who require a higher dose due to body weight, a
smaller volume insulin, such as Gla-300 or
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IDeg-200, may be preferable for patient com-
fort. Further research is required for people with
BMI[35 kg/m2.

Race and Ethnicity

Race and ethnicity can influence disease state
factors, drug pharmacokinetics or pharmaco-
dynamics, all of which may impact the efficacy
and safety of antihyperglycemic treatments. For
example, compared to Caucasians, Asian
patients with T2DM tend to have more
impaired insulin secretion than insulin resis-
tance [79].

Most T2DM patients in the Gla-300 and IDeg
phase III clinical trials were Caucasian. In four
of the EDITION studies, 87.8% of the study
population were Caucasian, 7.4% were Black,
3.9% were Asian and 0.95% were other ethnic-
ities [35]. Additionally, there were two EDITION
studies in Japanese subjects, with the findings
consistent findings to those for the other EDI-
TION study populations [34, 80]. One of the
BEGIN trials included 27% Asian subjects [26].
At least 7–19% of the patients in the IDeg phase
III trials were Hispanic or Latin American
[23, 24, 39]. Non-Caucasian populations were
also included in the real-world studies, such as
DELIVER D?, where 13.5% were African Amer-
ican, 5.8% were ‘‘other’’ and 5.8% were ‘‘un-
known’’ [51].

A number of post-registration studies have
assessed the safety and efficacy of second-gen-
eration BI analogues in non-Caucasian popula-
tions. In a post-hoc analysis of Hispanic
(n = 262) and non-Hispanic patients (n = 458)
from the SWITCH 2 study, Chaykin et al.
reported lower hypoglycemia with IDeg versus
Gla-100, with a similar level of glycemic control
in both ethnic cohorts [81].

Multiple published studies have assessed the
efficacy and safety of second-generation BI
analogues in East Asian populations. A multi-
national, 26-week, open-label trial assessed the
efficacy and safety of IDeg versus Gla-100 in 435
participants from Hong Kong, Japan, Malaysia,
South Korea, Taiwan or Thailand who were
inadequately controlled on OHA [28]. All par-
ticipants were Asian (97.9% non-Indian; 2.1%

Indian) and insulin-naı̈ve. The mean age was
58.6 years and the mean BMI was 25 kg/m2.
Treatment with IDeg provided similar
improvement in long-term glycemic control to
Gla-100, with a significantly lower rate of
overall confirmed hypoglycemia during the
maintenance period (RR 0.52, 95% CI
0.27–1.00; p = 0.05). However, there was no
significant difference in overall confirmed
hypoglycemia during the full trial period or in
nocturnal confirmed hypoglycemia. AEs were
similar between the BI treatments [28].

More recently, Thewjitcharoen et al. pub-
lished a prospective RWE study in 55 patients
from Thailand who received IDeg over a 3- to
12-month period (mean age 57.1 years, dura-
tion of diabetes 16.7 years, BMI 27.4 kg/m2).
Forty-two (76.4%) of these patients had T2DM,
of which nine patients were newly initiated on
insulin. The authors concluded that the effec-
tiveness of IDeg in this Asian population was
consistent with the results seen in the registra-
tion trials, with a low risk of hypoglycemia with
IDeg at 12 months compared to baseline. The
rate of self-reported major hypoglycemia
(\54 mg/dL or requiring assistance) in the
overall T2DM and T1DM population fell from
4% at baseline to 0% at 12 months (no p value
provided) [82].

Hypoalbuminemia

A small, single-center, open-label study in Japan
evaluated the effect of serum albumin and the
risk of hypoglycemia using CGM. A total of 30
subjects with T2DM (mean age 69.5 years,
duration of diabetes 18 years) were randomized
to receive Gla-300 or IDeg and then crossed-
over to the other BI analogue [83]. The investi-
gators reported a negative correlation between
24-h hypoglycemia and nocturnal hypo-
glycemia and serum albumin levels in patients
treated with IDeg, while glycemic risk was not
affected by serum albumin levels in patients
treated with Gla-300 [83]. The authors then
hypothesized that the higher hypoglycemia
reported in their study with IDeg versus Gla-300
could be related to the high ([99%) binding of
IDeg to serum albumin in patients with
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hypoalbuminemia [47]. Since free insulin binds
to the insulin receptor and elicits a hypo-
glycemic effect, the lower the serum albumin,
the higher the risk of hypoglycemia with IDeg.
They postulated that Gla-300 may be less likely
to cause hypoglycemia in individuals with
hypoalbuminemia as it does not bind to serum
albumin. Supporting this hypothesis, Kawa-
guchi et al. showed in patients with serum
albumin levels\3.8 g/dL (n = 15) that the
mean percentage of time with hypoglycemia
(\70 mg/dL) was significantly lower in those
treated with Gla-300 (1.9%) than in those trea-
ted with IDeg (11.1%) (p = 0.002). Similarly,
there was a statistically lower mean percentage
of time with clinically important hypoglycemia
(\54 mg/dL) and nocturnal hypoglycemia
(\70 mg/dL) in patients treated with Gla-300
than in those treated with IDeg (p = 0.002 and
p = 0.004 respectively) [83].

Patients in Hospital

A few published studies have compared insulin
initiation with a second-generation versus a
first-generation BI analogue in hospitalized
T2DM patients, but only limited data are avail-
able on patients with dementia or those with
physical or intellectual disability living in long-
term care facilities.

The largest prospective, open-label, RCT
conducted to date compared second-generation
versus first-generation BI analogues in 176
noncritically ill hospitalized patients with
T2DM. Patients were randomized to receive
either Gla-300 or Gla-100 as part of a basal-bo-
lus regimen upon admission to hospital. Insulin
doses were adjusted to achieve a target blood
glucose of 70–180 mg/dL. There were no sig-
nificant differences in the mean daily blood
glucose levels between the Gla-300 and Gla-100
groups (186 ± 40 vs. 184 ± 46 mg/dL; p = 0.62)
(primary endpoint). The percentage of readings
within the target blood glucose, the length of
hospital stay, the frequency of complications
and the total daily insulin dose also did not
differ significantly between the treatment
groups. With respect to hypoglycemia end-
points, there was no statistically significant

difference in the proportion of patients with a
blood glucose\ 70 mg/dL between the Gla-300
and Gla-100 groups (8.7 vs. 9.5%; p = 0.99);
however, the Gla-300-treated group had a sig-
nificantly lower rate of clinically relevant
hypoglycemia (blood glucose\54 mg/dL) (0
vs. 6.0%, respectively; p = 0.023) [84].

Additionally, Okajima et al. published a
small RCT that evaluated the efficacy and safety
of insulin basal-bolus therapy with Gla-300
compared with Gla-100 in well-controlled
T2DM patients at the end of short-term hospi-
talization (n = 40; mean age 58 years, mean
duration of diabetes 5 years) [85]. The duration
of hospitalization was 15 days in both groups,
and the required insulin doses to maintain
normoglycemia were not different between the
two groups. The frequency of nocturnal hypo-
glycemia (00:00–8:00 hours), however, was sig-
nificantly lower in the Gla-300 group than in
the Gla-100 group (1.2 vs. 10.7%; p = 0.039)
[85].

In a small, open-labelled, randomized, con-
trolled, 12-day study, Suzuki et al. evaluated the
efficacy and safety of IDeg 100 IU/mL versus
Gla-100 in combination with meal-time bolus
insulin in 68 hospitalized patients with T2DM.
There was no statistically significant difference
in the achievement of target glycemic control
during the first 12 days (primary endpoint)
between the two groups. The incidence of
hypoglycemia (54 to B 70 mg/dL) during the
introduction of insulin was low and not statis-
tically significant between IDeg- and Gla-100-
treated patients (40.6 vs. 41.7%, respectively).
Similarly, there was no significant difference in
the incidence of severe hypoglycemia (\ 54 mg/
dL) between the two groups (9.4 vs. 11.1%,
respectively; p = 0.782) [86].

A small, 7-day, non-randomized, open-label
pilot study compared IDeg once daily versus
IDeg three times weekly in 22 older Japanese
adults with T2DM who could not perform self-
injection due to cognitive dysfunction, paraly-
sis, visual impairment or other disabilities (me-
dian age 78 years) [87]. There were no
symptomatic hypoglycemic events reported in
either groups during the short study period, and
both regimens were reported to be well toler-
ated [87].
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Discussion

Drug-induced hypoglycemia is a major obstacle
to achieving target HbA1c levels [3]. T2DM
patients at risk of hypoglycemia require indi-
vidualized, evidenced-based therapies to mini-
mize hypoglycemia, prevent complications and
optimize QoL [1]. Evidence to date demon-
strates that second-generation BI analogues
have comparable HbA1c control to first-gener-
ation BI analogues, but a lower association to
hypoglycemia. This holds true across a wide
range of patients: individuals with obesity,
subjects with CVD and populations at risk of
hypoglycemia, such as older adults, subjects
with renal impairment and individuals with a
long duration of diabetes or insulin use
[11, 35, 42, 43, 62–67, 69]. Less hypoglycemia
associated with second-generation BI analogues
may be particularly meaningful in some of these
vulnerable populations by removing barriers to
insulin initiation, improving adherence [71],
potentially improving QoL [88, 89] and reduc-
ing hypoglycemia-related healthcare resource
utilization and associated costs [44]. Flexibility
in the timing of injection with second-genera-
tion BIs may provide greater convenience, for
example when travelling, for institutionalized
patients or shift workers. Second-generation BIs
may also offer an advantage to those who are
undergoing prolonged fasting (e.g. Ramadan),
but more evidence on this specific issue is nee-
ded although the existing single arm observa-
tional data are promising [90]. While available
data support less hypoglycemia with second-
generation versus first-generation BIs, there
remain populations for whom more data are
required. Data on the efficacy and safety of BIs
in other special populations, such as patients
with multiple coexisting morbidities [91],
reduced hypoglycemia awareness or cognitive
impairment, are limited. Patients with cognitive
impairment or dementia were excluded from
the SENIOR study [65]. The SWITCH 2 [11] and
CONCLUDE [48] studies included some patients
with hypoglycemia unawareness, but data
specifically from those patients have not been
published. Future studies should utilize CGM
for better detection of hypoglycemia and
include parameters such as time-in-range.

Studies are needed to address other important
clinical questions, including the efficacy and
safety of second-generation BI analogues in
patients with more severe renal impairment
(eGFR\15 mL/min/1.73 m2) and those with
hepatic dysfunction, alcoholism or cancer.
There is also a great need to understand the use
of BIs in the acute hospital setting, periopera-
tive and long-term care environment, particu-
larly in vulnerable individuals with cognitive,
physical or intellectual disability.

Hypoglycemia results in a substantial burden
on the healthcare system and can result in
serious consequences. T2DM patients require
individualized, evidenced-based therapies to
minimize hypoglycemia, prevent complications
and optimize QoL. Personalized strategies are
particularly important in high-risk populations
who are vulnerable to hypoglycemia, such as
older adults, patients with renal impairment
and/or longer duration of insulin use and those
with prior episodes of hypoglycemia.

RCTs, meta-analyses and RWE demonstrate
that patients taking second-generation BI ana-
logues have less hypoglycemia than those on
Gla-100 without compromising glycemic con-
trol. A reduced risk of hypoglycemia with sec-
ond-generation BIs extends to special
populations, such as older adults; those with
renal impairment, obesity and/or, CVD; and
individuals with a long duration of insulin use.
Less hypoglycemia associated with second-gen-
eration BIs may help reduce barriers for insulin
use, improve adherence and QoL, as well as
reduce hypoglycemia-related healthcare
resource utilization and associated costs.

ACKNOWLEDGMENTS

Funding. This review received funding from
Sanofi. Funding for medical writing support and
the journal’s rapid service fee was also provided
by Sanofi. The funder had the following
involvement with the review: funding support
to Celia Green, Bioscript Pty Ltd, Australia, who
provided literature research and medical writing
support; funding for librarian support, with

2574 Diabetes Ther (2020) 11:2555–2593



search terms provided by authors; manuscript
review, with all final decisions on content
determined by the authors.

Medical Writing Assistance. Literature
research and medical writing support was pro-
vided by Celia Green, Bioscript Pty Ltd, Aus-
tralia, which was funded by Sanofi.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Authorship Contributions. AC, JW, NF, SA
and EE all contributed to the design, literature
search, interpretation, review and writing of the
manuscript, including any subsequent
revisions.

Disclosures. Alice Cheng has received
honoraria for speaking or consulting from
Abbott, AstraZeneca, Boehringer Ingelheim,
Janssen, Merck, Novo Nordisk, Sanofi, HLS
Therapeutics, Medtronic. She has also partici-
pated in clinical trials supported by Boehringer
Ingelheim, Eli Lilly, Sanofi and, Applied Thera-
peutics. Jencia Wong, or on behalf of the insti-
tutions with which she is affiliated, has received
advisory board and speaker honoraria/research
funds from a number of companies involved in
diabetes care and education, including Sanofi,
AstraZeneca, MSD, Novo Nordisk, Lilly, Health
Ed and Zest HealthCare. Nick Freemantle has
received funding for consulting, research or
speaker fees from Sanofi Aventis, Novo Nordisk,
Allergan, MSD, AstraZeneca, PCT, Ipsen,
Takeda, Akcea, Accelovance. Shamasunder
Acharya has received honoraria for speaking or

consulting from Sanofi, AstraZeneca, Boehrin-
ger Ingelheim, Merck, Novo Nordisk and Eli
Lilly. Elif Ekinci’s institution has received
research funding from Sanofi, Novo Nordisk
and Bayer. EIE was an advisory board member
from Sanofi and Novo Nordisk with income
generated being donated to diabetes research at
the University of Melbourne and Austin Health.

Compliance with Ethics Guidelines. This
article is based on previously conducted and
published studies that were compliant with
ethics guidelines, and does not involve any new
studies performed by any of the authors.

Data Availability. Data sharing is not
applicable to this article as no datasets were
generated or analyzed during the current study.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

Diabetes Ther (2020) 11:2555–2593 2575

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Author, year of

publication

(study name)

Study design Participant

inclusion criteria

Interventions Key baseline

characteristics

Duration Primary endpoint

Terauchi et al.

[34]

(EDITION JP

2)

Multicentre

(Japan), open-

label, parallel-

group RCT;

target FPG

4.4–5.6

mmol/L

C18 years; T2DM

duration C1 year;

taking basal insulin

(C6 months);

HbA1c

7.0–10.0%; BMI

\35 kg/m2

Gla-300 (n =

121) vs Gla-

100 (n = 120)

Gla-300 vs

Gla-100

(mean):

Age 61 vs 61

years

BMI 25.7 vs

24.8 kg/m2

HbA1c 7.99 vs

8.06 %

Duration of

diabetes 14.0

vs 13.9 years

Basal insulin

dose 0.25 vs

0.24

U/kg/day

6 months

(? 6

month

extension)

HbA1c change from

baseline to month

6:

LS mean difference

between groups was

0.10% (95% CI

-0.08 to 0.27)

Bolli et al. [19]

(EDITION 3)

Multicentre,

multinational,

open-label,

parallel-group

RCT; target

FPG 4.4–5.6

mmol/L

C18 years; T2DM

duration C1 year;

OAD use C6

months and

insulin naive;

HbA1c 7.0–11.0%

Gla-300 (n =

439) vs Gla-

100 (n = 439)

Gla-300 vs

Gla-100

(mean):

Age 58 vs 57

years

BMI 32.8 vs

33.2 kg/m2

HbA1c 8.49 vs

8.58 %

Duration of

diabetes 10.1

vs 9.6 years

6 months

(? 6

month

extension)

HbA1c change from

baseline to month

6: LS mean change

was -1.42% (SE

0.05) for Gla-300

and -1.46% (SE

0.05) (mean

difference 0.04%

[95% CI -0.09 to

0.17])

APPENDIX 1: REGISTRATION RANDOMIZED CONTROLLED TRIALS
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Author, year of

publication

(study name)

Study design Participant

inclusion criteria

Interventions Key baseline

characteristics

Duration Primary endpoint

Riddle et al. [30]

(EDITION 1)

Multicentre,

multinational,

open-label,

parallel-group

RCT; target

FPG 4.4-5.6

mmol/L

C18 years; taking

basal insulin (C42

units) and

mealtime insulin

therapy ?/-

metformin;

HbA1c

7.0-10.0%

Gla-300 (n =

404) vs Gla-

100 (n = 403)

Gla-300 vs

Gla-100

(mean):

Age 60 vs 60

years

BMI 36.6 vs

36.6 kg/m2

HbA1c 8.15 vs

8.16 %,

Duration of

diabetes 15.6

vs 16.1 years

Basal insulin

dose 0.67 vs

0.67

U/kg/day

6 months

(? 6

month

extension)

HbA1c change from

baseline to month 6

or last visit on

treatment:

LS mean change was

–0.83% (SE 0.06)

for both groups

(mean difference

–0.00% [95% CI

–0.11 to 0.11])

Yki-Jarvinen

et al. [37]

(EDITION 2)

Multicentre,

multinational,

open-label,

parallel-group

RCT;

target FPG

4.4–5.6

mmol/L

C18 years; T2DM

duration C1 year;

taking basal insulin

(C6 months and

C42 units) ?/-

metformin;

HbA1c

7.0-10.0%

Gla-300 (n =

404) vs Gla-

100 (n = 407)

Gla-300 vs

Gla-100

(mean):

Age 58 vs 59

years

BMI 34.8 vs

34.8 kg/m2

HbA1c 8.26 vs

8.22 %

Duration of

diabetes 12.7

vs 12.5 years

Basal insulin

dose 0.66 vs

0.68

U/kg/day

6 months

(? 6

month

extension)

HbA1c change from

baseline to month 6

or last visit on

treatment:

LS mean change

from baseline was

-0.57% (SE 0.09)

for Gla-300 and

-0.56% (SE 0.09)

for Gla-100 (mean

difference -0.01%

[95% CI -0.14 to

0.12])
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Author, year of

publication

(study name)

Study design Participant

inclusion criteria

Interventions Key baseline

characteristics

Duration Primary endpoint

Gough et al. [24]

(BEGIN Low

Volume)

Multicentre,

multinational,

open-label,

parallel-group

RCT; target

FPG\5.0

mmol/L

Insulin naı̈ve adults;

T2DM duration

C6 months,

treated with

metformin ?/-

other OADs (C3

months); HbA1c

7.0-10.0%; BMI

B45 kg/m2

IDeg 200 U/mL

(n = 228) vs

Gla-100 (n =

229)

IDeg 200

U/mL vs

Gla-100

(mean):

Age 58 vs 57

years

BMI 32.2 vs

32.7 kg/m2

HbA1c 8.3 vs

8.2%

Duration of

diabetes 8.4

bs 8.0 %

26 weeks HbA1c change from

baseline to week 26:

Mean HbA1c change

was -1.3% (SD

1.01%) for both

treatment with

estimated mean

difference of 0.04%

(95% CI -0.11 to

0.19)

Meneghini et al.

[26] (BEGIN

Flex)

Multicentre,

multinational,

open-label,

3-arm, parallel

group RCT;

target FPG

3.9–\5.0

mmol/L

C18 years; T2DM

duration C6

months, treated

with OADs and

HbA1c 7.0–11.0%

or treated with

basal insulin ?/-

OADs with

HbA1c

1.0–10.0%; BMI

B40 kg/m2,

IDeg 100 U/mL

flexible

injection

regimen (n =

229) vs IDeg

OD (n = 228)

vs Gla-100

OD (n = 230)

IDeg Flex vs

IDeg OD vs

Gla-100 OD

(mean):

Age 56 vs 57

vs 57 years

BMI 29.3 vs

29.4 vs 30.0

kg/m2

HbA1c 8.5 vs

8.4 vs 8.4 %

Duration of

diabetes 10.8

vs 10.3 vs

10.8 years

26 weeks HbA1c change from

baseline to week 26:

Mean HbA1c change

was -1.28 % for

IDeg Flex, -1.07

for IDeg OD and

1.26% for Gla-100

OD with estimated

mean treatment

difference between

IDeg Flex and Gla-

100 OD was 0.04%

(95% CI –0.12 to

0.20)
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Author, year of

publication

(study name)

Study design Participant

inclusion criteria

Interventions Key baseline

characteristics

Duration Primary endpoint

Onishi et al. [28]

(BEGIN Pan-

Asian)

Multicentre,

multinational,

open-label,

parallel-group

RCT; target

FPG 3.9–\5.0

mmol/L

C18 years (C20 years

in Japan); T2DM

duration C6

months; treated

with OADs

(stable dose C3

months); HbA1c

7.0–10.0%; BMI

B35 kg/m2

IDeg 100 U/mL

(n = 289) vs

Gla-100 (n =

146)

IDeg vs Gla-

100 (mean):

Age 59 vs 58

years

BMI 24.6 vs

25.8 kg.m2

HbA1c 8.4 vs

8.5%

Duration of

diabetes 11.8

vs 11.1 years

26 weeks HbA1c change from

baseline to week 26:

Mean changes from

baseline were -

1.24% with IDeg

and -1.35% with

Gla-100 with

estimated mean

treatment

difference of 0.11%

(95% CI -0.03 to

0.24)

Garber et al. [23]

(BEGIN Basal

Bolus Type 2)

Mulitcentre,

multinational,

open-label,

parallel-group

RCT;

target FPG

3.9–\5.0 mmol/

L

C18 years; T2DM

duration C6

months; taking

any insulin therapy

(C3 months ?/-

OADs; HbA1c

7.0–10.0%; BMI

B40 kg/m2

IDeg 100 U/mL

(n = 744) vs

Gla-100 (n =

248)

IDeg vs Gla-

100 (mean):

Age 59 vs 58

years

BMI 32.3 vs

31.9 kg/m2

HbA1c 8.3 vs

8.4 %

Duration of

diabetes 13.6

vs 13.4 years

52 weeks (?

26 week

extension)

HbA1c change from

baseline to week 52:

Estimated mean

change from

baseline was

-1.10% with IDeg

and -1.18% with

Gla-100; treatment

difference of 0.08%

(95% CI -0.05 to

0.21)

Zinman et al.

[39] (BEGIN

Once Long)

Multicentre,

multinational,

open-label,

parallel-group

RCT; target

FPG 3.9–4.9

mmol/L

C18 years; T2DM

duration C6

months; OADs

(stable dose C3

months); HbA1c

7.0–10.0%; BMI

B40kg/m2

IDeg 100 U/mL

(n = 773) vs

Gla-100 (n =

257)

IDeg vs Gla-

100 (mean):

Age 59 vs 59

years

BMI 30.9 vs

31.6 kg/m2

HbA1c 8.2 vs

8.2 %

Duration of

diabetes 9.4

vs 8.6 years

52 weeks HbA1c change from

baseline to week 52:

Mean change from

baseline was -1.06

with IDeg and

-1.19% with Gla-

100 with an

estimated

treatment

difference of 0.09%

(95% CI -0.04 to

0.22)
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Author, year
of
publication

Study design Participant
inclusion criteria

Interventions Key baseline
characteristics

Duration Primary objective/
s

Bolli et al.

[20]

Post-hoc,

patient-

level,

pooled

analysis of

EDITION

2, 3 and

JP2 trials

See appendix 1 for

individual trial

criteria

Gla-300 (n =

958) vs Gla-

100 (n =

946)

Gla-300 vs Gla-
100 (mean):

Age 58 vs 58

years

BMI 32.8 vs

32.8 kg/m2

HbA1c 8.3 vs

8.4 %

Duration of

diabetes 11.7

vs 11.4 years

6 months Confirmed or severe
hypoglycemia
B3.9 mmol/L
(B70 mg/dL)
examined across
various nocturnal
windows:

The percentage of

participants with

at least one event

was lower with

Gla-300 than

Gla-100 in all

windows

examined

Bonadonna

et al. [21]

Patient-level,

pooled

analysis of

EDITION

1, 2 and 3

trials

See appendix 1 for

individual trial

criteria

Gla-300 (n =

1247) vs

Gla-100 (n

= 1249)

Gla-300 vs Gla-
100 (mean):

Age: 59 vs 59

years

BMI 34.7 vs

34.8 kg/m2

HbA1c 8.31 vs

8.32 %

Duration of

diabetes 12.7

vs 12.6 years

6 months Annualized
hypoglycemia rate
confirmed B3.9
mmol/L (B70
mg/dL) or severe
as a function of
HbA1c at month
6 using a negative
binomial
regression model:

Participants on

Gla-300 had a

lower rate of

hypoglycemia

regardless of

HbA1c at month

6

APPENDIX 2: META-ANALYSES OF SECOND GENERATION BI VS FIRST
GENERATION BI ANALOGUES
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Author, year
of
publication

Study design Participant
inclusion criteria

Interventions Key baseline
characteristics

Duration Primary objective/
s

Diez-

Fernandez

et al. [22]

Systematic

review and

meta-

analysis

RCTs comparing

Gla-300 and Gla-

100 reporting the

rate ratio or

number of events

of nocturnal

hypoglycemia

and HbA1c

levels in T1DM

or T2DM

Gla-300 (n =

1998) vs

Gla-100 (n

= 1979)

Not reported—

see appendix

1 for

individual

T2DM

studies

Variable

(up to 12

months)

Incidence rate ratio
(RR) of nocturnal
hypoglycemia:

Nocturnal events

B3.9 mmol/L

(B70 mg/dL)

were lower with

Gla-300 RR=0.81

(95% CI 0.69 to

0.95) and

nocturnal events

\3.0 mmol/L

(\54 mg/dL)

were lower with

Gla-300 RR=0.75

(95% CI 0.63 to

0.91)

Zhou et al.

[40]

Systematic

review and

meta-

analysis

RCTs in T2DM

comparing IDeg

with insulin

glargine (Gla-300

or Gla-100)

IDeg (n =

9619) vs

Gla-300 or

Gla-100 (n

= 7075)

Refer to

publication

for individual

trial

breakdown of

baseline

characteristics

Variable

(24–104

weeks)

Efficacy (HbA1c
change from
baseline) and
safety of IDeg
compared with
pooled insulin
glargine:

Insulin glargine led

to a greater mean

reduction in

HbA1c than

IDeg mean

difference 0.07%

(95% CI 0.01 to

0.13) P= 0.019

Diabetes Ther (2020) 11:2555–2593 2581



continued

Author, year
of
publication

Study design Participant
inclusion criteria

Interventions Key baseline
characteristics

Duration Primary objective/
s

Bonadonna

et al. [41]

Post-hoc,

patient-

level, meta-

analysis of

EDITION

1 and 2

See appendix 1 for

individual trial

criteria

Gla-300 (n =

808) vs Gla

(n = 810)

Gla-300 vs Gla-
100 (range):

Age 57 to 61

years

BMI 35.2 to

36.2 kg/m2

HbA1c 8.1 to

8.3 %

Duration of

disease 10.6 to

17.8 years

Dose of basal

insulin 0.63 to

0.68

U/kg/day

6 months Assess the impact of
duration of prior
basal insulin
therapy outcomes
with Gla-300 vs
Gla-100 for 6
months:

HbA1c change

from baseline to

month 6 was

comparable

groups with a

lower risk of C1

confirmed (B3.9

mmol/L [B70

mg/dL]) or severe

hypoglycaemic

events, at night or

any time (24 h)

with Gla-300,

regardless of

duration of prior

basal insulin

therapy

Ritzel et al.

[65]

Patient-level

pooled

meta-

analysis of

EDITION

1, 2 and 3

at 12

months

See appendix 1 for

individual trial

criteria

Gla-300 (n =

1247) vs

Gla-100 (n

= 1249)

Gla-300 vs Gla-
100 (mean):

Age 59 vs 59

years

BMI 34.7 vs

34.8 kg/m2

HbA1c 8.31 vs

8.32 %

Duration of

diabetes 12.7

vs 12.6 years

12 months HbA1c change from
baseline to month
12:

LS mean change

was -0.91% (SE

0.03) for Gla-300

and -0.080 (SE

0.03) for Gla-100

with treatment

difference of

-0.1% (95% CI

-0.18 to -0.02)

P= 0.0174
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Author, year
of
publication

Study design Participant
inclusion criteria

Interventions Key baseline
characteristics

Duration Primary objective/
s

Twigg et al.

[35]

Post-hoc,

patient-

level meta-

analysis of

EDITION

1, 2 and 3

at 6

months

See appendix 1 for

individual trial

criteria

Gla-300 (n =

1247) vs

Gla-100 (n

= 1249)

Gla-300 vs Gla-
100 (mean):

Age 59 vs 59

years

BMI 34.7 vs

34.8 kg/m2

HbA1c 8.31 vs

8.32 %

Duration of

diabetes 12.7

vs 12.6 years

6 months Association of
patient baseline
characteristics
with glycemic
control and
hypoglycemia:

HbA1c reductions

were comparable

between Gla-300

and Gla-100

regardless of

patients baseline

characteristics

Zhang et al.

[38]

Systematic

review and

meta-

analysis

RCTs comparing

IDeg with

Glargine in

T1DM and

T2DM with at

least 16 weeks

follow up

18 RCTs

including

16791

participants

on either

IDeg or Gla-

100

Refer to

publication

for individual

trial

breakdown of

baseline

characteristics

Variable

(16–104

weeks)

Efficacy and
hypoglycemia:

No significant

difference in

HbA1c changes

with estimated

treatment

difference of

0.03% (95% CI

-0.00 to 0.06)

P= 0.06

IDeg showed

reduced

hypoglycemia vs

Gla-100 across

multiple measures

including severe

hypoglycemia in

T2DM

(estimated RR

0.65 (95% CI

0.52 to 0.89) P=
0.005
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Author, year
of
publication

Study design Participant
inclusion criteria

Interventions Key baseline
characteristics

Duration Primary objective/
s

Ritzel et al.

[31]

Patient-level

pooled

meta-

analysis of

EDITION

1, 2 and 3

at 6

months

See appendix 1 for

individual trial

criteria

Gla-300 (n =

1247) vs

Gla-100 (n

= 1249)

Gla-300 vs Gla-
100 (mean):

Age 59 vs 59

years

BMI 34.7 vs

34.8 kg/m2

HbA1c 8.31 vs

8.32 %

Duration of

diabetes 12.7

vs 12.6 years

6 months HbA1c change

from baseline to

month 6:

LS mean change

was -1.02% (SE

0.03) for both

groups with LS

mean difference

of 0.00% (95% CI

-0.08 to 0.07)

Vora et al.

[36]

Meta-analysis

of BEGIN

phase IIIa

program

6 phase IIIa treat to

target RCTs of

the BEGIN

program,

including T1DM

and T2DM

IDeg (n =

2848) vs

Gla-100 (n

= 1205)

See appendix 1

for individual

trial baseline

characteristics

Variable

(26–52

weeks)

HbA1c change from
baseline:

IDeg non-inferior

to Gla-100 in

basal bolus

regimens with an

estimated mean

difference of

0.08% (95% CI

-0.05 to 0.21)

and insulin naı̈ve

0.08% (95% CI

-0.01 to 0.16)
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Author, year
of
publication

Study design Participant
inclusion criteria

Interventions Key baseline
characteristics

Duration Primary objective/
s

Monami and

Mannucci

[27]

Meta-analysis

of IDeg

RCTs with a

duration of at

least 16 weeks

comparing IDeg

with other

insulins ?/-

OADs and

prandial insulin,

including T1DM

and T2DM

IDeg (n =

1517) vs

comparators

(Gla-100 n

= 526; Biasp

30 n = 62)

Range across 5

RCTs:

Age 43–59

years

BMI 26.3–32.1

kg/m2

HbA1c 7.7–8.7

%

Duration of

diabetes 7–21

years

Variable

(16–52

weeks)

Change in HbA1c
and hypoglycemia
outcomes:

In T2DM: mean

difference in

HbA1c change

between IDeg and

Gla-100 was

0.02% (95% CI

-0.10 to 0.14)

P= 0.72;

confirmed

hypoglycemia was

lower with IDeg

OR 0.95 (95% CI

0.93 to 0.97) p

\0.001 and no

difference in

nocturnal

hypoglycemia OR

0.95 (95% CI

0.30 to 3.05) P=
0.94

Ratner et al.

[29]

Pre-planned

patient-

level, meta-

analysis of

BEGIN

phase IIIa

program

7 phase IIIa treat to

target RCTs of

the BEGIN

program,

including T1DM

and T2DM

IDeg (n =

2899) vs

Gla-100 (n

= 1431)

See appendix 1

for individual

trial baseline

characteristics

Variable

(26–52

weeks)

Overall confirmed

hypoglycemia

\3.1 mmol/L

(B54 mg/dL):

In T2DM: overall

confirmed

hypoglycaemia

was lower with

IDeg vs Gla-100,

treatment

difference ERR:

0.83 (95% CI

0.74 to 0.94)
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Author, year of
publication
(study name)

Study design Participant
inclusion
criteria

Interventions Key baseline
characteristics

Duration Primary
endpoint/s

Randomized Controlled Trials

Philis-Tsimikas
et al. [48]
(CONCLUDE)

Multicentre,
multinational,
open-label,
parallel-group
RCT
(superiority
testing of the
primary
endpoint);
target FPG
4.0–5.0
mmol/L

C18 years with
T2DM;
previous
basal insulin
use ?/-
OADs
(stable dose
for C90
days);
HbA1c
B9.5%;
BMI B45
kg/m2

IDeg 200
U/mL (n =
805) vs
Gla-300 (n
= 804)

IDeg vs Gla-300
(mean):

Age 63 vs 63
years

BMI 31.7 vs
31.5 kg/m2

HbA1c 7.6 vs
7.6 %

Duration of
diabetes 15.1
vs 15.0 years

Basal insulin
dose 42.7 vs
42.2 U/day

Up to 94
weeks*

Rate of overall symptomatic
hypoglycemic events
(defined as severe or
confirmed blood glucose\
3.1 mmol/L [with
symptoms]) during the
maintenance period of 36
weeks:

No significant difference
was found with IDeg
(216.8 events per 100 PY)
compared with Gla-300
(243.9 events per 100 PY)
during the maintenance
period (RR 0.88 [95% CI
0.73, 1.06]). Because there
was no significant
difference between
treatments for the
primary endpoint, the
confirmatory testing
procedure for superiority
was stopped

Kawaguchi et al.
[47]

Single-centre,
open-label,
parallel-group,
two-period,
randomized
cross-over
study; target
FPG 5.6–7.2
mmol/L

C20 years;
T2DM C1
year; OADs
?/- insulin
C6 months;
HbA1c 6.5-
11.0%

Gla-300 vs
IDeg 100
U/mL
(total
population
n = 30)

Total study
population
(mean):

Age 70 years

BMI 24.6 kg/
m2

HbA1c 8.2%

Duration of
diabetes 18.3
years

2 x 5 day
CGM
periods
(excluding
titration
periods)

Mean percentage of time
within the target glucose
range of 3.9–10 mmol/L
(70–180 mg/dL) and
hypoglycemia of\ 3.9
mmol/L (\ 70 mg/dL)
measured by CGM:

Similar time within target
range between Gla-300
(77.8%) vs IDeg (76.9%)
(P= 0.85). Gla-300 had
lees time in
hypoglycaemia vs IDeg
(1.3% vs 5.5%,
respectively P=0.002)

APPENDIX 3: STUDIES COMPARING SECOND GENERATION BI ANALOGUES
(GLA-300 VS IDEG)
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Author, year of
publication
(study name)

Study design Participant
inclusion
criteria

Interventions Key baseline
characteristics

Duration Primary
endpoint/s

Yamabe et al. [50] Single-centre,
open-label,
parallel-group,
two-period,
randomized
cross-over
study; Target
FPG 5.6–8.3
mmol/L

T2DM;
previously
treated on
IDeg
(morning
dosing) with
OADs C3
months

Gla-300 vs
IDeg 100
U/mL
(total
population
n = 24)

Total study
population
(mean):

Age 71 years

BMI 23.1 kg/
m2

HbA1c 6.8 %

Duration of
diabetes 14
years

Insulin dose 6
U/day

8 weeks with
2 x 14 day
FGM
periods

Mean percentage of time
within a glucose range of
3.9–9.9 mmol/L (70–179
mg/dL) for the seven
consecutive days of each
treatment period:

Time in range for Gla-300
was 73.4% (SD 14.9) and
77.3% (SD 11.8) for IDeg
P=0.31

Rosenstock et al.
[49]
(BRIGHT)

Multicentre,
multinational,
open-label,
parallel-group,
non-inferiority
RCT; target
FPG 4.4–5.6
mmol/L

C18 years;
T2DM
duration C1
year; OADs
?/- GLP-1
RA
(stable dose
C3 months;
insulin
naı̈ve;
HbA1c
7.5–10.5%;
BMI 25–40
kg/m2

Gla-300 (n =
462) vs
IDeg 100
U/mL (n =
462)

Gla-300 vs IDeg
(mean):

Age 61 vs 61
years

BMI 31.7 vs
31.3 kg/m2

HbA1c 8.7 vs
8.6 %

Duration of
diabetes 10.5
vs 10.7 years

24 weeks HbA1c change from baseline
to week 26s:

LS mean change was
-1.64% (SE 0.04) for
Gla-300 and -1.59% (SE
0.04) with a LS mean
difference of -0.05% (95%
CI -0.15 to 0.05)
P\0.0001 demonstrating
non-inferiority of Gla-300
vs IDeg

Real World Evidence

Sullivan et al. [45]
(DELIVER
Naı̈ve D)

Retrospective,
observational,
propensity
score-matched
cohort study
using EMR
data from the
US

C18 years;
confirmed
T2DM on
OADs ?/-
GLP-1 RA
commenced
on Gla-300
or IDeg
commenced
on 1 March
2015 and 30
September
2017

Gla-300 (n =
638) vs
IDeg (n =
638)

Gla-300 vs IDeg
(mean):

Age 59 vs 59
years

BMI 33.5 vs
33.3 kg/m2

HbA1c 9.7 vs
9.6 %

Hypoglycemia
incidence in
12 months
prior 8.6 vs
8.9 %

HbA1c
during
follow-up
period
(3–6
months
from index
date)

Change in HbA1c from 6
month baseline period to
the latest value in 3–6
months follow-up period:

HbA1c decreased
significantly from baseline
to follow-up in both
groups; and these
reductions were
comparable in the Gla-
300 and IDeg cohorts
-1.67% (SD 2.22) vs.
-1.58% (SD 2.20)
respectively; P= 0.51
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Author, year of
publication
(study name)

Study design Participant
inclusion
criteria

Interventions Key baseline
characteristics

Duration Primary
endpoint/s

Sullivan et al. [51]
(DELIVER
D?)

Retrospective,
observational,
propensity
score-matched
cohort study
using EMR
data from the
US in patients
switching to
Gla-300 or
IDeg

C18 years;
confirmed
T2DM who
switched
from Gla-
100 or IDet
to either
Gla-300 or
IDeg during
1 March
2015 to 31
January
2017; C12
month
baseline
period in
EMR

Gla-300 (n =
1592) vs
IDeg (n
=1592)

Gla-300 vs IDeg
(mean):

Age 59 vs 59
years

BMI 34.8 vs
34.7 kg/m2

HbA1c 9.1 vs
9.1 %

Hypoglycaemia
incidence in
previous 6
months 15.6
vs 14.3 %

HbA1c
during
follow-up
period (3-6
months
from index
date)

Change in HbA1c from 6
month baseline period to
the latest value in 3–6
months follow-up period:

HbA1c decreased
significantly from baseline
in both groups without
any difference the groups
(Gla-300 -0.63% [SD
1.7] vs IDeg -0.58% [SD
1.6], P=0.49)

Tibaldi et al. [52]
(CONFIRM)

Retrospective,
observational,
propensity
score-matched
cohort study
using EMR
data from the
US

C18 years;
confirmed
T2DM on
OADs ?/-
GLP-1 RA
commenced
on Gla-300
or IDeg
commenced
on March
2015 and
January
2018 with
360 days of
data prior to
insulin
initiation
and C1
HbA1c
measure at
baseline

PSM cohort:

IDeg (n =
2028) vs
Gla-300 (n
= 2028)

Primary
endpoint
analysis:

IDeg (n =
671) vs Gla-
300 749)

IDeg vs Gla-300
(mean PSM
cohort):

Age 58 years

BMI 34.0 vs
34.7 kg/m2

HbA1c 9.6 vs
9.5 %

Duration of
diabetes 4.8 vs
4.8 years

Hypoglycemia
incidence in
180 days prior
6.7 vs 5.6 %

Up to 180
days
follow-up

Change in baseline HbA1c
from initiation of basal
insulin (-90 days to ?7
days) until 180 days of
follow-up:

Change of -1.48% for
IDeg and -1.22% for
Gla-300 with estimated
treatment difference of
-0.27% (95% CI -0.51
to -0.03) P=0.03
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