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ABSTRACT

Introduction: This systematic review aims to
present the current evidence base with respect
to the initiation and intensification of insulin
therapy with glargine 100 U/mL (Gla-100)
compared to other insulins in people with type
2 diabetes mellitus (T2DM).
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Methods: A systematic literature search of
PubMed (MEDLINE), EMBASE, and the
Cochrane Central Register of controlled clinical
trials databases was performed to identify stud-
ies published up to September 30, 2020 that
compared the effects of Gla-100 to that of other
insulin regimens in people with T2DM. Rele-
vant information pertaining to the predefined
outcomes of interest was extracted. Glycated
hemoglobin (HbA1c) change and response rates
along with overall hypoglycemia incidence
were the primary efficacy and safety outcomes
of interest.
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Results: Seventy-nine studies (63 interven-
tional and 16 non-interventional) in which Gla-
100 was either initiated in previously insulin-
naive patients (n = 57) or used in an intensified
regimen (n = 22) were identified and evaluated.
In insulin-naive patients, most studies demon-
strated that Gla-100 was significantly better
compared with premixed insulins and similar
compared with neutral protamine Hagedorn
(NPH) insulin, second-generation basal insulins,
co-formulations, and other first-generation
basal insulins in terms of the primary efficacy
parameters. Overall hypoglycemia risk with Gla-
100 was significantly lower compared with
NPH, premixed, coformulation, and other first-
generation basal insulins and significantly
higher compared with second-generation basal
insulins. In studies with intensified regimens,
efficacy outcomes with Gla-100 were signifi-
cantly better compared with insulin detemir
(IDet); similar compared with NPH, second-
generation basal insulins, co-formulations; and
with premixed insulins. In these studies, overall
hypoglycemia risk with Gla-100 was signifi-
cantly lower compared with IDet and compa-
rable to NPH, premixed insulins, co-
formulations, and second-generation basal
insulins. In addition, most intensification
studies also revealed a significantly lower risk of
nocturnal hypoglycemia with Gla-100-based
regimens versus NPH and premixed insulins
and a significantly greater risk compared to
second-generation basal insulins.

Conclusions: The evidence presented in this
review suggests that Gla-100 is an effective
option for both insulin initiation and intensi-
fication strategies used in the management of
T2DM.

Keywords: Gla-100;  Glycemic  outcomes;
Premixed insulin; Second-generation basal
insulin

Key Summary Points

This review highlights the efficacy and
safety of Gla-100 in comparison to other
insulin preparations in initiation and
intensification strategies in type 2 diabetes
mellitus (T2DM).

Initiation of Gla-100 in insulin-naive
patients with T2DM failing oral therapies
resulted in better glucose-lowering
outcomes than premixed insulins and
showed comparable results to neutral
protamine Hagedorn (NPH), second-
generation basal insulins, co-
formulations, as well as other first-
generation basal insulins.

Most of the studies showed that Gla-100
initiation in insulin-naive people with
T2DM is associated with a lower risk of
overall hypoglycemic events compared to
other insulin molecules except for second-
generation basal insulins.

Intensification of insulin therapy with
Gla-100-based regimens in most of the
studies showed significantly better
glucose-lowering outcomes against
insulin detemir (IDet), comparable results
to NPH, second-generation basal insulins,
co-formulations, and against premixed
insulins.

Most of the Gla-100 intensification studies
showed comparable overall hypoglycemia
risk with all other insulin regimens, but a
significantly lower risk of nocturnal
hypoglycemia vs. NPH and premixed
insulins and a significantly greater risk
compared to second-generation basal
insulins.

INTRODUCTION

The strategy of using insulin basal analogue as
an add-on to oral anti-diabetic drugs (OADs)
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was introduced with the intention of optimiz-
ing glycemic control and minimizing hypo-
glycemia and weight gain associated with other
existing insulin molecules [1]. Insulin glargine
100 U/mL (Gla-100) was the first basal analog to
be approved in 2000 [1]. Ever since its approval,
Gla-100 has become one of the most widely
studied basal insulin therapies globally, and has
emerged as the reference basal insulin to which
newer basal insulins are compared [1, 2].
Despite a strong evidence base accumulated
from clinical trials as well as real-world studies
over the course of two decades, there still exists
certain ambiguity over the position of Gla-100
within the insulin landscape.

There is a dearth of systematic reviews that
evaluate efficacy and safety of Gla-100 as an
initiation therapy in insulin-naive patients or in
those who switched to Gla-100 after being on
other insulin regimens. Furthermore, data on
the current update with regard to the use of Gla-
100 in treatment intensification strategies is
scarce in people with T2DM. Therefore, with the
purpose of evaluating efficacy and safety of Gla-
100 in comparison to other insulin preparations
in initiation and intensification strategies, this
systematic review aims to shed a light on this
voluminous evidence with Gla-100 and will
present the evidence to address key questions
on the use of Gla-100 from a clinician’s per-
spective. This review will compare Gla-100 with
different types of insulin analogs and summa-
rize the glycemic outcomes (glycated hemoglo-
bin [HbAlc] reduction, response rates, blood
glucose [BG] profile, and glycemic variability)
and safety outcomes (hypoglycemic events,
weight change and insulin dose change, and
treatment satisfaction).

METHODS

Search Strategy

The preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines
and the methods for systematic reviews as
specified by the National Institute for Health
and Care Excellence (NICE) in Sect. 2.1 of the
Single Technology Appraisal (STA) user guide

[3] were followed to identify the clinical evi-
dence through a systematic search of major
bibliographic databases. PubMed (MEDLINE),
EMBASE, and the Cochrane Central Register of
controlled trials databases were separately sear-
ched for studies published up to September 30,
2020 in order to identify all publications that
compared the effects of the administration of
Gla-100 to that of other insulin regimens in
patients with T2DM. The following search terms
were used in combination with appropriate
MeSH terms and Boolean operators (e.g., ‘and’,
‘or', ‘mot’): insulin, basal insulin, glargine,
U-100, long-acting insulin, insulin analog, type
2 diabetes, and T2DM. The search was not
restricted by any time period; however, the
language of publication was restricted to Eng-
lish (See Table S1 in the electronic supplemen-
tary material for detail). This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals.

Inclusion and Exclusion Criteria

The inclusion criteria of the present systematic
review were as follows: (i) adult people
(age > 18 years) with T2DM either initiating
Gla-100 (insulin-naive patients) or patients
switching from other insulin regimens to Gla-
100; (ii) studies that compared the effects of the
administration of other insulins (premixed, co-
formulations, and second-generation basal
insulins) with that of Gla-100; (iii) studies that
reported reduction in HbAlc, fasting blood
glucose (FPG), postprandial blood glucose levels
(PPG), weight gain or the proportion of patients
achieving targets; hypoglycemic events or
increase in insulin dose; (iv) studies conducted
as randomized controlled trial (RCT), non-ran-
domized controlled trial or comparative studies,
observational studies (prospective or retrospec-
tive design), case—control studies and cross-sec-
tional studies with > 50 patients and (v) study
duration of a minimum of 3 weeks. Further-
more, studies for treatment initiation were
included and segregated into those with insu-
lin-naive patients and those with patients who
were inadequately controlled on OADs and had
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to be treated with insulin or combination of
OADs with insulin. For insulin intensification
studies, patients switching to a basal-bolus or
any other regimen, including biphasic or pre-
mixed insulins with Gla-100 as a component,
were considered eligible.

The exclusion criteria were as follows:
(i) studies enrolling people with type 1 diabetes
mellitus (T1DM) or other diseases or a mixed
population of patients with both T1IDM and
T2DM were excluded unless separate subgroup
data was presented for people with T2DM; (ii)
single-arm studies or studies comparing the
effects of Gla-100 with OADs or any
injectable therapy other than insulin; (iii) case
reports, letters to editors, abstracts, or proceed-
ings of scientific meetings; and (iv) studies
published in non-English language.

Screening of Eligible Studies

All references identified through literature
searches were imported and duplicates were
removed to evaluate the study for full-text eli-
gibility. The study selection was instrict com-
pliance with the pre-determined inclusion and
exclusion criteria. Each of the retrieved docu-
ments was assessed for eligibility as per the
selection process detailed in Fig. 1.

Outcomes

The outcomes of interest in this study varied on
the basis of study type. For RCTs, the main
outcomes were reduction in HbAlc, change in
FPG, PPG, and response rates. Similarly, HbAlc
reduction and response rates were the main
outcomes of interest for observational studies.
Other outcomes of interest irrespective of study
type were rate of hypoglycemic events (noctur-
nal or overall), percentage weight gain, and
change in insulin dose from baseline to the end
of study. Among all the aforementioned out-
comes, HbA1lc change and response rates were
the primary glycemic outcomes of interest and
overall hypoglycemic events were the primary
safety outcomes of interest.

Data Extraction

A predefined data extraction grid was developed
in Microsoft Excel to extract data on study
characteristics and outcomes. All relevant
information from the eligible studies was
extracted, which included study design, study
duration, country, sample size, comorbid con-
ditions, previous treatments, change in clinical
parameters (including HbAlc, FPG, PPG,
weight), changes in insulin regimen, as well as
safety outcomes (hypoglycemic events); and
their corresponding p values and 95% confi-
dence interval (CI), whenever reported.

Quality Assessment

The quality of observational studies (cohort/
cross-sectional studies) was assessed by using
Newcastle-Ottawa Scale (NOS), whereas the
quality of RCTs was assessed using the Cochrane
Risk of Bias tool (CRBT) [4, 5].

RESULTS

Study Search

As shown in the study flow diagram (Fig. 1), the
search yielded 13,942 hits; of which 79 studies
were included in the final list for data extraction,
including 63 interventional and 16 non-inter-
ventional studies. There were 57 studies (Table 1)
wherein Gla-100 was initiated in either insulin-
naive or previously Gla-100 -naive patients
[6-62]and 22 studies (Table 2) wherein Gla-100
was used in an intensified regimen [63-85].

Study and Patient Characteristics

Initiation

In the 57 studies reporting the results of efficacy
and safety of insulin initiation, the mean HbA1lc
level at baseline was > 8% with values ranging
from 7.55 [6] to 10.3% [7]. The mean (SD)
baseline FPG value ranged from 133.2 (34.2)
mg/dL [8] to 194.4 mg/dL [9], whereas the
baseline PPG value was reported in only five
studies and ranged from 205.2 (61.2) mg/dL [10]
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to 363.78 (110.34) mg/dL [11]. Similarly, the
mean (SD) bodyweight of included patients
ranged from 61.9 (9.29) kg [12] to 108 (25.7) kg
[13] (Table 3) [6-62].

The most frequently used insulin analogs
were Gla-100, NPH insulin, insulin degludec
(IDeg), insulin lispro 75/25 mix and premixed
insulins. The mean (SD) recorded baseline
insulin dose varied from 0.11 (0.02) U/kg/day
[53] to 77.6 (32.1) U/kg/day [34]. Several studies
evaluated the efficacy and safety profile of Gla-
100 given with one or more OAD therapy (such
as acarbose, glimepiride, metformin [MET],
sulphonylurea [SU]) to determine the best ana-
log for initiation of insulin therapy among
insulin-naive patients.

Records identified through
database searches (n=13,942)

Intensification
In the 22 studies reporting the results of efficacy
and safety of insulin intensification with a basal
or biphasic insulin regimen, the mean HbAlc
level at baseline in majority of the studies was
between 8 and 9% with values ranging from 8.0
(0.9) [63] t0 9.5 (1.2) [67]. Out of the 22 studies,
only nine reported mean (SD) baseline FPG
values that ranged from 108 (28.8) mg/dL [65]
to 207 (75.6) mg/dL [66], whereas the baseline
PPG value was reported in three studies [67-69].
Similarly, the mean (SD) body weight of inclu-
ded patients ranged from 69.3 (15.1) kg [70] to
106.4 (20) kg [71] (Table 4).

Besides Gla-100 (either with other insulin or
in combination with OADs), the other most

PubMed (n=3,233)
Embase (n=7,757)
Cochrane (n=2,952)

Records identified through
Other sources (n=1)

A 4 \ 4

Records after duplicates removed (n=9,580)

v

titles (n=9,580)

Records screened by abstracts and

Records excluded (n=8,488)

A 4

Records excluded (n=1,013)

Records for full text review
(n=1,092)

Intervention/comparator (n=508)
""" ®| No outcomes of interest (n=264)
Study design/publication type (n=201)

A 4

Patient population (n=30)
Language (n=10)

Studies included
(n=79)

Fig. 1 PRISMA flow diagram
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frequently used insulins were (NPH insulin,
premixed insulin mix or lispro mix. The mean
(SD) baseline insulin dose varied from 0.17
(0.03) U/kg/day [74] to 77.65 (48.5) U/kg/day
[77]. Several studies reported the efficacy and
safety profile of Gla-100 given with either one
or more OAD therapy (MET, pioglitazone, SU)
or insulin variants (insulin aspart, regular insu-
lin, insulin lispro, insulin degludec-aspart [IDe-
gAsp] or premixed) in order to determine the
best treatment strategy using insulin
intensification.

Clinical Outcomes

Insulin Initiation
Gla-100 vs. NPH Insulin Thirteen studies
compared Gla-100 with NPH insulin which
included use of the insulin doses in combina-
tion with OADs [14-26] (Table 3).

Glycemic Outcomes

Primary Outcomes

HbAIc

Out of 13 studies reporting mean HbAlc
reduction, eight studies were of fair-to-good
quality; of which two studies reported signifi-
cantly higher HbA1lc reduction in the Gla-100
group than NPH group, and the remaining six
studies reported relatively similar HbAlc
reduction with both the insulin types
[14-17, 19, 21, 22, 25]. Of the remaining five
studies that were of poor quality, three studies
reported significant difference in HbAlc reduc-
tion favoring Gla-100 use over NPH insulin
(P < 0.001-0.03) [18, 20, 26] (Table 3).

Response Rates

Out of eight studies, Gla-100 and NPH did
not differ significantly with respect to the pro-
portion of patients achieving target HbAlc
(n = 7) and FPG (n = 5) in majority of the stud-
ies. However, three studies of fair to poor qual-
ity reported significant improvement in
response rates of Gla-100 over NPH insulin
[20, 22, 25]. Among these fair-to-poor quality
studies, Eliaschewitz et al. showed that a higher
proportion of patients receiving Gla-100
achieved HbAlc targets without confirmed
hypoglycemia (26.8%), when compared to NPH
(17.3%) [22]. Insulin Gla-100 appeared to be

better than NPH in terms of proportion of
patients achieving HbAlc targets with no noc-
turnal hypoglycemia (33.2 vs. 26.7%, P = 0.05
[25] and 22.9 vs. 14%, P = 0.0174 [20]) and also
FPG targets with no nocturnal hypoglycemia
(22.1 vs. 15.9%, P < 0.03 [25]) (see Table S2 in
the electronic supplementary material for
detail).

Safety Outcomes

Primary Outcomes

Hypoglycemic Events

A total of 13 studies reported overall hypo-
glycemia or nocturnal hypoglycemia. Of these,
seven studies, in which Gla-100 was associated
with lower incidence of overall hypoglycemic
events (P < 0.0001 to < 0.04) [16, 20, 22, 23,
235, 26] and nocturnal hypoglycemia (P < 0.001
to < 0.03) [20, 22-26] compared to corre-
sponding groups receiving NPH, were of fair-to-
poor quality (Table 5).

Gla-100 vs. Premixed Insulins Twenty studies
reported insulin initiation and compared the
outcomes between Gla-100 and premixed insu-
lins [7, 10-13, 27-41]. In a majority of studies
(n = 19), the insulins were co-administered with
OADs [7, 10-13, 27-37, 39-41] (Table 3).

Glycemic Outcomes

Primary Outcomes

HbAlc

Out of 20 studies reporting HbA1c reduction,
15 studies belonged to fair-to-good quality. The
baseline and endpoint values for HbAlc were
similar to the initiation studies reported above.
When compared to premixed insulins, HbAlc
reduction was reported in 15 of the 20 stud-
ies. The HbAlc reduction was significantly
higher (P <0.05) with Gla-100 compared to
premixed insulins in 14 out of 20 studies
(10, 12, 13, 27, 28, 30-33, 35-37, 39, 40]
(Table 3).

Response Rates

In the studies reporting response rates
(n = 15), six studies showed that the Gla-100
treatment regimen exhibited significant differ-
ence with respect to the proportion of patients
achieving target HbAlc (P < 0.001-0.038) and
FPG levels (P = 0.0002-0.019), when compared
to patients on premixed insulin
[7, 12, 33, 35, 36, 41]. All of these studies were
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of fair-to-good quality. However, no statistically
significant difference was observed between
Gla-100 and premixed insulin regimens per-
taining to the proportion of patients achieving
HbAlc either with no confirmed hypoglycemia
or with no nocturnal hypoglycemia and pro-
portion of patients achieving FPG target with
no confirmed nocturnal hypoglycemia or with
no nocturnal hypoglycemia (see Table S2 in the
electronic supplementary material for details).

Safety Outcomes

Primary Outcomes

Hypoglycemia Events

In the Gla-100 vs. premixed insulin initia-
tion studies (n = 18) reporting hypoglycemia
events, six studies with Gla-100 insulin initia-
tion regimen were associated with significantly
lower incidence of overall hypoglycemia
(P < 0.0001-0.04) and nocturnal hypoglycemia
(P =0.009-0.021) vs. premixed insulin
[29, 32, 33, 36, 37, 39]. All of these studies,
except one study [37], were of fair-to-good
quality (see Table S4 in the electronic supple-
mentary material for details).

Mean change (SD if Intergroup
p value

available)

Baseline

PPG (SD if available)

Baseline

p value
< 0.007

Gla-100 vs.  Second-Generation  Basal
Insulins Overall, 14 insulin initiation studies
comparing Gla-100 with second-generation
basal insulin treatment regimens in insulin-
naive patients with T2DM were of fair-to-good
quality [6, 8, 42-53] (Table 3).

Glycemic Outcomes

Primary Outcomes

HbAlc

In eight studies, Gla-100 did not differ sig-
nificantly with respect to HbAlc reduction
when compared to IDeg-100 or 200 adminis-
tered once a day [44-47, 50-53]. However, one
study exhibited significant reduction in HbAlc
levels with Gla-300 when compared with Gla-
100 (P = 0.003) [42] (Table 3).

Response rates

In nine studies, Gla-100 treatment did not
offer any significant improvements over sec-
ond-generation basal insulins in any of the
response-rate parameters being assessed. Only
one study, which was a good-quality study,
reported significantly higher proportion of
patients achieving target HbAlc in Gla-300
group when compared with Gla-100 group

Mean change (SD if Intergroup

available)

(34.56)
(35.28)

treatment
133.02

Post
142.2

(52.74)

147.78
(37.62)

Mean FPG (SD if
available)

Baseline

155.34

BD bi-daily, DPP-4 dipeptidyl peptidase-4, IDeg insulin degludec, Gla-100 glargine-100, Gla-300 glargine-300, MET metformin, NPH neutral protamine

Hagedorn, OADs oral anti-diabetics, OD once daily, RCT randomized clinical trial, SU sulfonylurea, TID thrice a day, 7ZDs thiazolidinediones

Table 3 continued
Malone, 2005 [62]

Author, year
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Intergroup

Post-treatment insulin dose

Intergroup p value Baseline insulin dose

Weight change from baseline;

mean

Table 6 continued

Author, year

p value

Gla-100 vs. other

basal insulins

0.81 vs. 0.75 U/kg/day

0.2 vs. 0.2 U/kg/day

0.001 in favor of

1.2 vs. 2.7

Raskin, 2009 [84]

IDet

NS

< 0.05

3.8 vs. 2.8

Hollander, 2008

(85]

PYE patient-years of exposure

(P =0.029) [42] (see Table S2 in the electronic
supplementary material for details).

Safety Outcomes

Primary Outcomes

Hypoglycemia Events

Out of 13 studies reporting hypoglycaemia,
only three studies reported significant differ-
ence between Gla-100 and second-generation
basal insulins. These studies were of fair-to-good
quality [43, 45, 48]. Gla-300 receiving patients
exhibited significantly lower overall rate of
hypoglycemia when compared with Gla-100
(6.4 vs. 8.5 events/PYE, P = 0.042) [48]. How-
ever, in a crossover study, IDeg followed by Gla-
100 in combination to OADs led to lesser
hypoglycemic events than those receiving Gla-
100 followed by IDeg (219.9 episodes vs. 275.1
episodes/ 100 PYE, P < 0.001) [45]. Similarly, no
significant difference was observed between the
two groups in the rates of nocturnal hypogly-
caemia, apart from the abovementioned study
where IDeg followed by Gla-100 administration
resulted in fewer events than the group receiv-
ing Gla-100 followed by IDeg (P < 0.001). In a
study by Zinman et al. Gla-100 group reported
significantly lower incidence of severe hypo-
glycemia compared with IDeg group (P = 0.017)
[53] (Table 5).

Gla-100 vs. Co-formulations Only three
studies reported the use of Gla-100 with insulin
co-formulations [54-56] and were of fair-to-
good quality. These co-formulations consisted
of IDegAsp with various OAD combinations
(including MET, DPP-4 inhibitor, SU, pioglita-
zone) (Table 3).

Glycemic Outcomes

Primary Outcomes

HbAlc

No significant difference was reported for
HbA1c reductions between the groups receiving
Gla-100 and insulin co-formulations in all the
three studies [54-56] (Table 3).

Response Rates

The two groups exhibited a similar number
of patients achieving target HbAlc levels. There
were no data reported for the number of
patients achieving FPG targets [54-56] (see
Table S2 in the electronic supplementary
material for details).
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Safety Outcomes

Primary Outcomes

Hypoglycemia events

A study by Kumar A et al. reported significant
difference (P < 0.0001) and a treatment ratio of
1.86 in favor of Gla-100 [55] for overall and
nocturnal hypoglycaemia. Another study by
Kumar S et al. reported significantly lower
incidence of hypoglycemia in Gla-100 receiving
group (48.1 vs. 52.3%, P < 0.05) [54] (Table J).

Gla-100 vs. Other First-Generation Basal
Insulins Only seven studies evaluated the
effect of Gla-100 against other first-generation
basal insulins in insulin-naive patients with
T2DM undergoing insulin initiation. Of these,
five studies were of good quality [9, 58-61] and
two were of poor quality [57, 62]. A majority of
studies (n = 6) compared Gla-100 in combina-
tion with OADs against human NPL insulin (75/
25 mix) and variants of insulin detemir (IDet,
Det S compact) (Table 3).

Glycemic Outcomes

Primary Outcomes

HbAIc

Gla-100 and other first-generation basal
insulins did not differ significantly with respect
to HbAlc reduction in five of the seven studies
[9, 57, 58, 60, 61], the majority (n = 5) of which
were of good quality. However, Gla-100 was
found to be more effective than detemir for-
mulations (P < 0.05) [59]. A switch-over study
conducted by Malone et al. administered lispro
mix (75/25) followed by Gla-100 and compared
it with the group that received Gla-100 followed
by lispro mix (75/25). The study reported a
greater reduction in HbAlc levels in the arm
receiving Gla-100 first than those receiving lis-
pro mix (75/25) (— 1 vs. — 0.42; P < 0.001) [62]
(Table 3).

Response Rates

Though three studies did not report any
significant difference between Gla-100 and
other first-generation basal insulins, there were
two studies that reported a significantly higher
number of Gla-100 receiving patients achieving
target HbA1lc levels (53 vs. 38%, P = 0.026) and
target FPG (58 vs. 46%, P < 0.01) when com-
pared to those receiving IDet [9, 60]. Both of
these studies were of good quality.

Interestingly, in a switch-over study (poor
quality), a greater number of patients receiving
lispro mix (75/25), followed by Gla-100
achieved target HbAlc levels (30 vs. 12%,
P =0.002) than those receiving Gla-100 fol-
lowed by lispro mix (75/25). However, the
opposite was true for patients achieving FPG
levels with more patients receiving Gla-100
followed by lispro mix (75/25) achieving target
FPG levels (51 vs. 34%, P = 0.01)[62]. None of
the studies reported data on treatment satisfac-
tion (see Table S2 in the electronic supplemen-
tary material for details).

Safety Outcomes

Primary Outcomes

Hypoglycemia Events

No significant difference was observed in
hypoglycemic events between patients receiv-
ing Gla-100 and other first-generation basal
insulins in five studies reporting hypoglycemia
events; of which three were of good quality and
two were of poor quality. However, one study of
good quality reported that Gla-100 was associ-
ated with a significantly higher number of
hypoglycemic episodes per patient-year when
compared to those receiving IDet (4.41 vs. 3.19
patient-years, P = 0.034) [60]. Similarly, a sig-
nificantly higher number of nocturnal events
were observed in patients receiving Gla-100
followed by lispro mix (75/25) than those
receiving lispro mix (75/25) followed by Gla-
100 (P = 0.002) [62] (Table 5).

Other Outcomes Gla-100 vs. NPH

Other Glycemic Outcomes

BG Profile

Of the six studies reporting the difference
between FPG levels at baseline and at study
endpoint, five studies were of good-to-fair
quality [15, 17, 19, 22, 25] and one study was of
poor quality [20]. Out of these eight studies,
Gla-100 resulted in significant FPG reduction in
four studies [14-16, 24] (Table 3).

Glycemic Variability

Total seven studies reported glycemic vari-
ability, either in terms of coefficient of variation
(CV) [18, 21] or reduction in mean blood glu-
cose values [15, 19, 20, 24, 25]. Of these, four
studies were of fair-to-good  quality
[15, 19, 21, 25], while the remaining three were
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of poor quality [18, 20, 24]. The study by Mu
et al. reported that Gla-100 exhibited better
reduction in CV [13.4 (3.6) at baseline to 10.2
(4.2) at the end of study] when compared with
NPH (12.9 [4] at baseline to 19.6 [6.1]; P < 0.05)
[18]. In a study by Mattia et al., when Gla-100
was followed by NPH, Gla-100 exhibited not
only lower BG excursion at 5-h (129.1 vs.
152.8 mg/dL; P < 0.05) but also at 6-h post-meal
test (108.5 vs. 154.6 mg/dL; P < 0.01) when
compared with NPH insulin [19]. When NPH
was followed by Gla-100 in the same study, Gla-
100 offered significantly efficient post-prandial
glucose control (146.5 [16.7] mg/dL) when
compared with NPH (171.2 [24.7] mg/dL)
(P <0.02) [19]. However, the study by Yki-
Jarvinen et al. reported no significant difference
between CVs of FPG for Gla-100 and NPH [21]
(See Table S4 in the electronic supplementary
material for details).

Other Safety Outcomes

Weight Change and Insulin Dose Change

Out of the nine studies reporting weight
change, seven were of good-to-fair quality
[14-17, 19, 21, 25]. It was observed that Gla-100
and NPH did not differ significantly with
respect to weight gain, and the difference was
statistically non-significant in five studies.
However, significant change in weight gain was
reported by two studies and both demonstrated
that NPH effectively controls weight gain in
insulin-naive patients with diabetes (P < 0.05;
P =0.01) [14, 17] (Table 5).

Most of the studies (n =8) did not differ
significantly with respect to change in insulin
dose between baseline and study endpoint
[15, 17, 19-22, 26]; of which six studies were of
fair-to-good quality. However, one study of fair
quality reported significant increase in insulin
dose from baseline (10 U/day for Gla-100 and
NPH) to 47.2 (1.3) U/day for Gla-100 compared
with 41.8 (1.3) U/day for NPH (P < 0.005) [25]
(Table 5).

Treatment Satisfaction

Eliaschewitz et al. reported a significantly
better treatment satisfaction with Gla-100 vs.
NPH insulin (P < 0.02). The same study also
reported that fewer patients receiving Gla-100
lost time from work or normal activities due to
diabetes when compared with those receiving

NPH (1.8 vs. 3.3%) [22] (See Table S2 in the
electronic supplementary material for details).

Gla-100 vs. Premixed Insulin

Other Glycemic Outcomes

BG Profile

In total, 19 studies reported either FPG or
PPG levels at baseline, endpoint, and the mean
change values. Gla-100 was found to provide
better glucose control for FPG and reported
statistically significant reduction in FPG levels
in six studies of fair-to-good quality when
compared to other premixed insulin regimens
(P <0.0001 to < 0.01) [12, 27, 28, 33, 39, 41].
Significant improvements in the PPG levels
were also observed in patients receiving Gla-100
compared to those receiving premixed insulin
regimens (P < 0.0001 and < 0.01) in two studies
of fair quality [12, 28]. However, a single study
(which was of poor quality) reported signifi-
cantly improved PPG levels with premixed
insulin (twice daily) compared with Gla-100
(once daily) (P = 0.001) [30] (Table 3).

Glycemic Variability

Out of six studies reporting insulin initiation
comparing treatment difference between Gla-
100 and premixed insulins, five were of fair-to-
good quality [13, 29, 35, 39, 40]. It was reported
that though Gla-100 offers better blood glucose
control than human premixed insulin (30%
regular, 70% NPH insulin; insulin actraphane
HM 30/70) [39], it did not provide as much
insulin sensitivity when compared to that of
insulin lispro 25/75 BID (9.3 [6.6] vs. 14.4
[10.8], P =0.020) [13]. Likewise, premixed
insulin seemed to offer better postprandial gly-
cemic exposure (~ 25% less for the BIAsp 70/30
group than for the Gla-100 group, 97.4 [90.4] vs.
129.6 [102] mg/dL, P < 0.05) [40] (see Table S4
in the electronic supplementary material for
details).

Other Safety Outcomes

Weight Change and Insulin Dose Change

In total, 19 studies reported the body weight
either at baseline, post-treatment, or the differ-
ence in weights. However, only six have repor-
ted a statistical difference between Gla-100 vs.
premixed insulins, with Gla-100 unanimously
found to be associated with significantly less
weight gain (P < 0.001 to < 0.05) in six studies.
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These studies were of fair-to-good quality
[28, 29, 33, 36, 40, 41] (Table 4).

Six studies reporting significantly lesser
change in the insulin dose from baseline to
endpoint for Gla-100 compared with premixed
insulin regimens (P < 0.005 to < 0.05) were of
fair-to-good quality; except Kazda et al., which
was of poor quality [10, 33, 35, 39-41]. On the
contrary, four studies reported no statistical
difference between Gla-100 and premixed
insulin dose increment, of which three were of
fair-to-good quality [7, 31, 32, 34] (Table 4).

Treatment Satisfaction

Gla-100 exhibited better treatment satisfac-
tion scores than premixed insulins (P < 0.0001
to < 0.05) in three studies that were of fair-to-
good quality [12, 28, 29] (see Table S2 in the
electronic supplementary material for details).

Gla-100 vs. Second-Generation Basal Insulin

Other Glycemic Outcomes

BG Profile

In total, nine studies comparing second-
generation insulin regimens with Gla-100 did
not show any statistical difference in reduction
in FPG levels. However, one study by Marso
et al. [44] reported that in comparison to Gla-
100, IDeg caused a significant reduction in FPG
levels (P < 0.0001) [44]. None of the studies
reported any data regarding PPG levels
(Table 3).

Glycemic Variability

Only three studies, which were of good
quality, reported data on glycemic variability
[46, 48, 51]. Compared to Gla-300, Gla-100
provided lower CV (%) (18.7 [0.5] vs. 18.3 [0.5])
[48]. Similar results were reported in another
study wherein lower CV was reported in the
Gla-100 group (12.9%) when compared with
thelDeg-100 group (14.2%) [46] (see Table S4 in
the electronic supplementary material for
detail). However, these differences did not reach
any statistical significance.

Other Safety Outcomes

Weight Change and Insulin Dose Change

In total, 13 studies reporting changes in body
weight for patients receiving either Gla-100 or a
second-generation basal insulin were of fair-to-
good quality. Nine studies showed no statistical
difference between the groups [44-48, 50-53].
However, two studies reported that Gla-300 was

associated with significantly lower weight gain
than Gla-100 (P =0.003 and 0.015) [8, 49]
(Table 5).

Of all the 13 studies reporting a change in
insulin dose, only two studies of fair-to-good
quality exhibited a significant difference in
favor of Gla-100 (P = 0.04 and < 0.05) [44, 49];
whereas three studies reported increased dose of
[Deg at the endpoint (P < 0.05) [47, 50, 51]
(Table 5).

Treatment Satisfaction

No study exhibited significant difference in
the treatment satisfaction scores.

Gla-100 vs. Co-Formulations

Other Glycemic Outcomes

BG Profile

No significant difference was reported for
FPG levels between the groups receiving Gla-
100 and insulin co-formulations. No data on
PPG levels were reported in these studies
[54-56] (Table 3).

Glycemic Variability

Only one study of fair quality reported sig-
nificantly lower prandial glucose increments,
overall and at main evening meal, with IDegAsp
once daily than with Gla-100 once daily
(P < 0.001) [54] (see Table S4 in the electronic
supplementary material for details).

Other Safety Outcomes

Weight Change and Insulin Dose Changes

One study of good quality reported signifi-
cant weight gain in patients receiving Gla-100
when compared with those receiving insulin co-
formulations (4.4 vs. 2.8 kg, P < 0.0001) [55]
(Table 5).

The insulin dose changes were similar
between the groups receiving Gla-100 and co-
formulation groups [54-56] (Table 5).

Treatment Satisfaction No data were reported
regarding treatment satisfaction.

Gla-100 vs. Other First-generation Basal
Insulins

Other Glycemic Outcomes

BG Profile

A total of four studies reported FPG reduc-
tions; of which three studies were of good
quality [9, 60, 61] and one of poor quality [62].
The majority of studies (n = 3) comparing Gla-
100 and other first-generation basal insulins did
not report significant difference with respect to
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reduction in FPG levels. The study conducted by
Malone et al. administered lispro mix (75/25)
followed by Gla-100 and compared it with the
group that received Gla-100 followed by lispro
(75/25). The study reported a significant differ-
ence in favor of the group receiving Gla-100
followed by lispro mix (75/25) (P < 0.007) [62]
(Table 3).

Glycemic Variability One study of poor-qual-
ity reported data on glycemic variability com-
paring Gla-100 with other first-generation basal
insulins. Compared to Gla-100, the measure of
insulin sensitivity was found to be lower with
the insulin lispro mixture (23.18 [20.92] vs.
31.44 [23.93]; P =0.001) in patients receiving
Gla-100 followed by lispro mix [62] (see
Table S4 in the electronic supplementary
material for details).

Other Safety Outcomes

Weight Change and Insulin Dose Change

Out of five studies reporting weight changes,
three were of good quality [9, 60, 61] and two
were of poor quality [57, 62]. The weight gain
was significantly lower in patients receiving
Gla-100, as reported in one study (P = 0.001)
[62], while the other two studies reported sig-
nificantly lower weight gain in the IDet group
(P <0.05) [9, 60] (Table 5).

Of the three studies reporting significant
differences in increased insulin doses, two were
of good quality [9, 60] and one was of poor
quality [62]. However, these changes were in
favor of Gla-100, which exhibited lower dose
change than other insulins (P < 0.0001 to
P =0.0119) [9, 60, 62] (Table 5).

Treatment Satisfaction None of the studies
reported data on treatment satisfaction.

Insulin Intensification
Gla-100 vs. NPH Insulin

Glycemic Outcomes

Primary Outcome

HbAIc

Two studies of fair quality reported data on
the change in HbAlc levels. The study by
Rosenstock et al. did not report any significant
difference in groups receiving Gla-100 along
with regular pre-meal insulin, and those taking
NPH insulin along with regular insulin. How-
ever, a study by Betonico et al. included patients

taking two different insulin regimens: Gla-100
OD followed by NPH, both administered along
with insulin lispro (group A); and Insulin NPH
followed by Gla-100, both co-administered with
insulin lispro (group B). The patients in group A
reported a significant reduction in HbA1c levels
post treatment (P = 0.028) [72, 73] (Table 4).

Response Rates

One study reported the proportion of
patients achieving target FPG levels and there
was no significant difference in the proportion
of patients receiving either Gla-100 (23.6%) or
NPH insulin (27.1%) [73] (see Table S3 in the
electronic supplementary material for details).

Safety Outcomes

Primary Outcome

Hypoglycemia Events

Both studies reporting hypoglycemia events
were of fair quality. Similar proportions of
overall hypoglycemic events were observed in
patients receiving either Gla-100 or NPH. On
the contrary, Gla-100 exhibited a significantly
lower number of confirmed nocturnal hypo-
glycemic events than those receiving NPH (31.3
vs. 40.2%, P =0.02 and 0.5 vs. 1.5 events/pa-
tient, P = 0.047) [72, 73]. Compared to NPH,
overall hypoglycemic events and severe hypo-
glycemia events were relatively fewer in patients
receiving Gla-100, but the difference was sta-
tistically insignificant (Table 6).

Gla-100 vs. Premixed Insulin
Glycemic Outcomes

Primary Outcome

HbAIc

Out of 15 studies reporting the change in
HbA1lc levels from baseline to the endpoint in
patients receiving either Gla-100 or premixed
insulins, six were of fair-to-good quality
[70, 71, 74-77]. Three of these 15 studies
reported that premixed insulin was able to sig-
nificantly reduce the HbAlc level towards the
endpoint when compared to those receiving
Gla-100 [70, 74, 75]; however, in five studies,
Gla-100 significantly reduced HbAlc levels
(64, 66, 76, 77, 83] (Table 4).

Response Rates

Of the six studies reporting response rates,
fourreported statistically significant outcomes.
Three of these were of good quality. In two of
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these studies, significantly fewer patients
receiving Gla-100 were able to achieve target
HbA1c levels when compared to those receiving
premixed mixture (P < 0.005, each) [70, 74].
However, in the remaining two studies, a sig-
nificantly higher number of patients receiving
Gla-100 achieved target HbAlc levels [64, 76]
(see Table S3 in the electronic supplementary
material for details).

Safety Outcomes

Primary Outcome

Hypoglycemia Events

Out of 14 studies reporting hypoglycemia
events, five were of good quality [70, 74-76, 83].
Only two studies reported statistically signifi-
cant differences, with a higher (P < 0.05) pro-
portion of overall hypoglycemia events in Gla-
100 intensified arm as compared to the group
receiving premixed insulin[67, 70]. Further,
only two studies showed statistically significant
difference in terms of nocturnal hypoglycemia
with the patients receiving Gla-100 intensified
regimen exhibiting fewer confirmed events of
nocturnal hypoglycemia than those receiving
premixed insulin [68, 74] (Table 6).

Gla-100 vs. Second-Generation Basal Insu-
lins

Glycemic Outcomes

Primary Outcome

HbAIc

Of the two insulin intensification studies
evaluating Gla-100 vs. second-generation basal
insulin, only one study reporting the effect on
HbA1c reduction between Gla-100 and second-
generation basal insulin (Gla-300) was of good
quality. Interestingly, both study groups
exhibited a similar reduction in HbA1lc at study
endpoint and the difference was not statistically
significant [81]. Further, the study by Hollander
et al., which was of poor quality, showed similar
HbAlc reduction in both Gla-100 and IDeg
treatment arms; the estimated treatment dif-
ference was non-significant between Gla-100
and IDeg, suggesting that similar glycemic
control can be achieved with Gla-100 and IDeg
[80] (Table 4).

Response Rates

Three studies reported data comparing Gla-
100 and its second-generation analogues

including Gla-300 and IDeg. No difference was
observed between groups with respect to num-
ber of patients achieving target HbAlc and FPG
levels, either with or without hypoglycemic
events (see Table S3 in the electronic supple-
mentary material for details).

Safety Outcomes

Primary Outcome

Hypoglycemia Events

No differences were observed in the number
of overall hypoglycemic events and severe
hypoglycemia between patient groups receiving
Gla-100 and Gla-300. However, Gla-100 exhib-
ited more episodes of nocturnal hypoglycemia
than corresponding Gla-300 (4.57 vs. 3.32
episodes/patient-year) and the difference was
statistically significant (P = 0.0045) [81]. On the
contrary, Hollander et al. reported significantly
reduced risk of hypoglycemia (overall rate of
hypoglycemia: 24% lower; P = 0.011 and noc-
turnal hypoglycemia: 31% lower; P = 0.016)
with IDeg use than with Gla-100 [80] (Table 6).

Gla-100 vs. Co-Formulations

Glycemic Outcomes

Primary Outcome

HbAlc

Only one insulin intensification study com-
paring Gla-100 vs. co-formulations reported
HbA1lc reduction; the study was of fair quality.
Both Gla-100 and insulin co-formulations (IDe-
gAsp, aspart) exhibited similar HbAlc reduction
profiles, and no significant difference was observed
between treatment groups [82] (Table 4).

Response Rates

No studies comparing Gla-100 and insulin
co-formulations (IDegAsp, aspart) reported data
on the response rate.

Safety Outcomes

Primary Outcome

Hypoglycemia Events

No differences were observed in the number
of overall hypoglycemic events or severe hypo-
glycemia events between patient groups receiv-
ing Gla-100 and IDegAsp. However, Gla-100
exhibited higher number of confirmed noctur-
nal hypoglycemia events than corresponding
insulin co-formulation group (1.01 vs. 0.6
episodes/patient-year) and the difference was
statistically significant (P < 0.05) [82] (Table 6).
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Gla-100 vs. other First-Generation Basal
Insulins

Glycemic Outcomes

Primary Outcome

HbAIc

Only one study reported HbAlc reduction
and the study was of fair quality. A study by
Raskin et al. reported that patients receiving
Gla-100 in combination with insulin aspart and
other OADs were able to significantly reduce the
HbAlc levels when compared to patients
receiving other basal insulins like IDet with
insulin aspart and other OADs (— 1.28 wvs.
— 1.08, P = 0.035) [78] (Table 4).

Response Rates

No studies comparing Gla-100 and other
first-generation basal insulins reported data on
response rate.

Safety Outcomes

Primary Outcome

Hypoglycemia Events

Incidence of hypoglycemic events (17.94 vs.
19.30 episodes/PYE) and confirmed nocturnal
hypoglycemia (3.38 vs. 4.23 episodes/PYE) and
severe hypoglycemic events (0.12 vs. 0.09 epi-
sodes/PYE) were comparable between patients
receiving IDet and those receiving Gla-100 [78]
(Table 6).

Other Outcomes Gla-100 vs. NPH

Other Glycemic Outcomes

BG Profile

None of the insulin intensification studies
reported any data comparing the effect on FPG
and PPG levels after administering Gla-100 with
NPH.

Glycemic Variability

Glycemic variability was reported in one
study of fair quality. No significant difference in
glycemic variability was reported in patients
taking Gla-100 followed by NPH co-adminis-
tered with insulin lispro vs. those receiving
NPH, followed by Gla-100 co-administered with
insulin lispro [72]. However, it was observed
that Gla-100 receiving patients spent lower
average daily time in hypoglycemia than those
receiving NPH. On the other hand, no signifi-
cant differences were observed in the risk of
hypoglycemia between the two groups (see

Table S5 in the electronic supplementary
material for details).

Other Safety Outcomes

Weight Change and Insulin Dose Change

The study by Rosenstock et al. (2001) (fair
quality study) reported a significantly lower
weight change in patients receiving Gla-100
when compared to those receiving NPH insulin
(0.4 vs. 1.4 kg, P =0.0007) when administered
with regular pre-meal insulins [73] (Table 6).

Change in the insulin dose from baseline to
the endpoint was similar in Gla-100 and NPH
groups, and no statistical difference was
observed in both the studies [72, 73] (Table 6).

Treatment Satisfaction

No data on treatment satisfaction were
reported.

Gla-100 vs. Premixed Insulin

Other Glycemic Outcomes

BG Profile

Only three studies, which were of good
quality, reported data on FPG profiles
[70, 74, 83]. Compared to their premixed
counterparts, Gla-100 was found to be associ-
ated with significant reduction in the FPG levels
from the baseline values in three studies
(P <0.001 each) [66, 74, 83]. Only one study
reported PPG profile, which indicated reduction
in PPG levels in both the treatment arms (pre-
mixed insulin: 287.29-171.54; Gla-100:
281.42-177.52), but the difference was not sig-
nificant [67] (Table 4).

Glycemic Variability

The BG profile improved in both groups at
study end, with more pronounced decline in BG
observed in the group receiving premixed
insulin than the one receiving Gla-100 (LS
mean difference: 3.6 mg/dL [95% CI 0.03-0.4];
P =0.024) [74] (see Table S5 in the electronic
supplementary material for details).

Other Safety Outcomes

Weight Change and Insulin Dose Change
Patients receiving Gla-100 or other premixed
insulin formulations exhibited similar weight
change in a majority of studies; of which three
studies were of good quality and one was of
poor quality [67, 74, 76, 83]. However, a study
conducted by Tinahones et al. reported signifi-
cantly lower weight change in the Gla-100
group compared to the lispro mix group (0.5 vs.
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1.13kg, P =0.018), with simultaneous oral
administration of OADs [75] (Table 6). Out of 15
studies, two of fair-to-good quality reported no
significant change in insulin dose from baseline
[71, 75] (Table 6).

Treatment Satisfaction

No data on treatment satisfaction were
reported.

Gla-100 vs. Second-generation Basal Insulin

Other Glycemic Outcomes

BG Profile

A study by Riddle et al. reported the effect on
FPG levels between Gla-100 and Gla-300. Both
groups exhibited similar reduction in FPG levels
at study endpoint and the difference was not
statistically significant [81]. Another study
reporting the effect on FPG levels between Gla-
100 and IDeg showed similar reduction in FPG
levels [64] (Table 4).

Glycemic Variability

There was no difference in the change of
day-to-day variability of pre-injection SMPG
between Gla-100 and Gla-300 study groups [81]
(see Table S5 in the electronic supplementary
material for details).

Other Safety Outcomes

Weight Change and Insulin Dose Change

Similar weight gain was observed in Gla-100
and Gla-300 or IDeg groups at the study end-
point [64, 81]. A gradual increase in insulin
dosing was observed in Gla-100 and Gla-300
regimens by the same extent, and no significant
difference was observed between the two groups
[81]. Hollander et al. reported similar insulin
doses in IDeg and Gla-100 groups [80] (Table 6).

Treatment Satisfaction No data on treatment
satisfaction were reported.

Gla-100 vs. Coformulation Insulin

Other Glycemic Outcomes

BG Profile

Gla-100 and IDegAsp exhibited similar FPG
reduction profiles, and no significant difference
was observed between treatment groups [82]
(Table 4).

Glycemic Variability

No studies comparing Gla-100 and insulin
co-formulations (IDegAsp) reported data on
glycemic variability.

Other Safety Outcomes

Weight Change and Insulin Dose Change

Both Gla-100 and IDegAsp exhibited similar
weight gain profiles, and no significant differ-
ences were observed between the treatment
groups (Table 6).

One study reported data representing the
increase in insulin dose between groups receiv-
ing Gla-100 and insulin aspart, and compared it
with those receiving IDegAsp in combination
with other OADs. The insulin dose gradually
increased in both the groups. However, a sig-
nificant increase in insulin dose was observed in
patients receiving Gla-100 (34.6-89.3 U/day)
than those receiving IDegAsp (35.2-83.4
U/day), and the difference was statistically sig-
nificant (P < 0.05) [82] (Table 6).

Treatment Satisfaction No studies comparing
Gla-100 and insulin co-formulations (IDegAsp)
reported data on treatment satisfaction.

Gla-100 vs. Other First-Generation Basal
Insulins

Other Glycemic Outcomes

BG Profile

In BG profile, Gla-100 and IDet exhibited
similar FPG profile and no significant difference
was observed between the two treatment
groups. No studies reported data on the PPG
profile (Table 4).

Glycemic Variability

No studies comparing Gla-100 and other
first-generation basal insulin reported data on
glycemic variability between the two treatment
groups.

Other Safety Outcomes

Weight Change and Insulin Dose Change
Patients receiving Gla-100 in combination with
insulin aspart and OADs exhibited significantly
higher weight gain than those receiving
IDet along with insulin aspart and OADs (2.7 vs.
1.2, P = 0.001) [78] (Table 6).

Both Gla-100 and IDet exhibited significant
increase in insulin dose from the baseline to the
endpoint. However, the increase in insulin dose
was not statistically significant between the two
treatment groups [78] (Table 6).

Treatment Satisfaction

No studies comparing Gla-100 and other
basal insulin reported data on treatment
satisfaction.
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Quality of Studies

Out of 63 RCTs, 22 were of good quality, 18 of
fair, and 23 of poor quality. Six observational
studies were of good quality and ten observa-
tional studies were fair in quality (see Table S6
and S7 in the electronic supplementary material
for details).

Primary Outcome Data Summary of Good-
Quality Studies

Primary outcome data of the 22 RCTs and six
observational studies of good quality have been
summarized in Table S8 (see electronic supple-
mentary material for details).

DISCUSSION OF EVIDENCE:
IMPLICATIONS FOR CLINICAL
PRACTICE

The present systematic review reflects the cur-
rent evidence base with regard to the use of Gla-
100 in initiation and intensification of insulin
therapy, wherein majority of the studies had
compared Gla-100 with NPH, premixed and
second-generation basal insulins. Overall, the
data presented in this review, which included
evidence from 79 studies, demonstrated that
the initiation or intensification of Gla-100 in
patients failing oral or other insulin therapies
resulted in improved glycemic outcomes from
baseline, with a low risk of hypoglycemia. In the
subsequent section, we have tried to appraise
the data discussed in this review to address
important and practical clinical considerations
with the use of Gla-100 in T2DM management.

Glucose-Lowering Ability of Gla-100 vs.
Premixed Insulins in Insulin-Naive
Patients with T2DM

The majority of studies in the present review
suggested that Gla-100 was better than pre-
mixed insulins and comparable to co-formula-
tions in terms of HbAlc-lowering ability.
Similar findings were reported in a systematic
review and meta-analysis by Rys et al., which

revealed a greater mean HbAlc reduction with
Gla-100 + OADs vs. premixed insulins twice
daily with a weighted mean difference (WMD)
of — 0.36% [— 0.54, — 0.18] (— 3.9 mmol/mol [—
5.9; — 2.0])) and associated with a higher
chance of reaching target HbAlc (RR = 1.49)
[86]. Further, in all six studies that reported
statistically significant differences in terms of
FPG reduction, Gla-100 was associated with a
greater FPG reduction compared to premixed
insulins in insulin-naive T2DM patients
(P < 0.0001 to < 0.01) [12, 27, 28, 33, 39, 41].
Though PPG reduction was recorded in three of
the head-to-head studies comparing Gla-100 vs.
premixed insulins [10, 11, 30], only one showed
a statistically significant difference in favor of
premixed insulins [30]. The remaining two
studies did not detect any statistical difference
between either Gla-100 and premixed arms in
terms of PPG reduction [11, 30]. Further, our
analysis revealed that when patients receiving
premixed insulin analogue were switched to
Gla-100, there was a significant improvement in
all the three glycemic parameters [12, 28]. This
would indicate the glucose-lowering ability of
Gla-100 in improving overall glycemic control.
This evidence belonged to fair-quality studies
[12, 28]. These results suggest that targeting
basal normoglycemia with Gla-100 £ OADs
leads to greater HbAlc and FPG reductions vs.
premixed insulins along with mitigating PPG
excursions in T2DM patients who are uncon-
trolled on OADs.

Gla-100 vs. Second-Generation Basal
Insulin in Insulin-Naive Patients
with T2DM

When glucose-lowering efficacy was compared
between Gla-100 and Gla-300, the majority of
studies demonstrated comparability between
these two basal insulins in achieving HbAlc and
FPG reductions [6, 8, 43, 48, 49]. The data from
the EDITION trials revealed comparable glu-
cose-lowering efficacy for Gla-100 and Gla-300,
but a significantly lower risk of hypoglycemia,
particularly for nocturnal hypoglycemia associ-
ated with Gla-300 [69]. Similar observations
were revealed in the trial-level meta-analysis

A\ Adis



Diabetes Ther

conducted by Roussel et al. to obfuscate the
limitations of individual trials and facilitate a
better understanding of results across the mul-
tiple individual trials [69]. In this analysis, the
EDITION trials meta-analysis revealed compa-
rable reductions in HbAlc, FPG, and average
24-h SMPG. The risk of confirmed or severe
hypoglycemia events was significantly lower
with Gla-300 vs. Gla-100, both nocturnally as
well as throughout the daytime (P = 0.007 for
both) [69]. The recent report from DELIVER 3
study, which was a good-quality evidence,
showed a contrasting observation indicating
superiority of Gla-300 over Gla-100 in achieving
glycemic (HbA1c) reduction [42].

Compared to IDeg, HbAlc-lowering efficacy
was comparable with Gla-100 across all studies
[44-47, 50-53]. However, the trial-level meta-
analysis revealed a greater HbAlc reduction
with Gla-100 vs. IDeg (P = 0.024) [69]. Further,
this trial-level meta-analysis showed a lower risk
of confirmed or severe hypoglycemia noctur-
nally (P = 0.007) and not throughout the day
(P = 0.49) with IDeg vs. Gla-100 [69].

Hence, in summary, evidence presented in
this review pertaining to the second-generation
basal insulins would suggest that their benefit
over Gla-100 would only extend to a lower
hypoglycemia risk (both nocturnal and any-
time) with Gla-300 and a lower nocturnal
hypoglycemia risk with IDeg, with a compara-
ble glucose-lowering benefit to Gla-100.

Basal Prandial vs. Premixed
Intensification Strategy

As T2DM is a progressive disease, intensification
of insulin therapy is inevitable. There exists a
wide variation in the guidelines’ recommenda-
tions with respect to insulin intensification
strategies, which is a challenge for physicians
and a major barrier in their decision-making
[87, 88]. The data presented in this review
revealed that five studies showed significant
reduction with Gla-100 than premixed regi-
mens, whereas three out of the 15 intensifica-
tion studies comparing premixed regimens vs.
Gla-100-based insulin regimens revealed a sig-
nificantly greater HbAlc reduction with

premixed intensification regimens. However,
two of the nine studies reported a statistically
significant higher risk of overall hypoglycemia
with premixed intensification regimen vs. Gla-
100 intensification regimens, one study repor-
ted lower risk of overall hypoglycemia, seven
did not show any difference, and the remaining
studies did not mention the same. This is in line
with the findings of the systematic review and
meta-analysis by Rys et al., which have shown
that Gla-100-based intensification strategy is
similar to premixed intensification regimens
both in terms of its HbAlc-lowering ability and
hypoglycemia risk [86]. However, the gradual
intensification of insulin therapy with basal-
plus followed by basal-bolus is considered to
mimic physiological insulin secretion more
closely compared to premixed regimens
[68, 80, 83]. Further, such an approach also
helps in acclimatizing patients better to insulin
regimens, which in turn may lead to a better
chance of acceptance by the patients and
therebymore success in routine clinical practice
[89-92].

Strengths and Limitations

Strengths

Previously published secondary studies did not
provide a full picture of clinical efficacy and
safety of Gla-100 since they were focused
exclusively on certain aspects of insulin therapy
(for example, only insulin initiation or intensi-
fication of insulin treatment) and did not
attempt to accrue all the included studies with
Gla-100. This review includes a comprehensive
and updated list of studies on Gla-100 vs. other
insulin formulations for both initiation and
intensification, is not limited by study design,
and seeks to include a wide range of study
designs including RCTs, and prospective and
retrospective cohort and observational studies.
This provides a comprehensive and up-to-date
picture of Gla-100’s use in T2DM management.
Additionally, the evidence presented forth in
this review has been appraised qualitatively
with the intention of drawing the reader’s focus
on the fair-to-good quality of evidence with
Gla-100.
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Limitations

The heterogeneity of the clinical characteristics,
complexities of the different insulin treatments,
and study designs can confound the conclu-
sions drawn from the data presented here.
Moreover, this systematic review did not
attempt to quantitatively appraise the data in
the form of forest plots, which significantly
limits the accuracy and precision of the
conclusions.

CONCLUSIONS

In conclusion, this systematic literature review
revealed that for the primary efficacy parame-
ters studied in this review, Gla-100 insulin reg-
imens may be a better insulin-initiation option
compared to premixed insulins and comparable
to NPH insulin, other first-generation basal
insulins, co-formulations, and second-genera-
tion basal insulins. Overall, hypoglycemia risk
with Gla-100 insulin (initiation regimens) was
lower compared with NPH, premixed, co-for-
mulations, and other first-generation basal
insulins, but higher compared to second-gen-
eration basal insulins. For intensification of
insulin therapy, Gla-100-based stepwise inten-
sification strategy (basal plus to basal bolus) was
better compared to other first-generation basal
insulin; similar compared to NPH, co-formula-
tions, second-generation basal insulins, and
premixed insulins for the primary efficacy
parameters. Further in intensification studies,
overall hypoglycemia risk with Gla-100 was
significantly lower compared with other first-
generation basal insulins and comparable to
NPH, premixed insulins, co-formulations, and
second-generation basal insulins.
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