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ABSTRACT

Introduction: We examined differences in
hypoglycaemia risk between insulin glargine
300 U/mL (Gla-300) and insulin glargine 100
U/mL (Gla-100) in individuals with type 2 dia-
betes (T2DM) using the low blood glucose index
(LBGI).

Methods: Daily profiles of self-monitored
plasma glucose (SMPG) from the EDITION 2,
EDITION 3 and SENIOR treat-to-target trials of
Gla-300 versus Gla-100 were used to compute
the LBGI, which is an established metric of
hypoglycaemia risk. The analysis also examined
documented (blood glucose readings
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< 3.0 mmol/L [54 mg/dL]) symptomatic hypo-
glycaemia (DSH).

Results: Overall LBGI in EDITION 2 and
SENIOR and night-time LBGI in all three trials
were significantly (p < 0.05) lower with Gla-300
versus Gla-100. The largest differences between
Gla-300 and Gla-100 were observed during the
night. In all three trials, individual LBGI results
correlated with the observed number of DSH
episodes per participant (EDITION 2 [r = 0.35,
p <0.001]; EDITION 3 [r=0.26, p <0.001];
SENIOR [r=0.30, p <0.001]). Participants at
moderate risk of experiencing hypoglycaemia
(defined as LBGI > 1.1) reported 4- to 8-fold
more frequent DSH events than those at mini-
mal risk (LBGI < 1.1) (p < 0.009).
Conclusions: The LBGI identified individuals
with T2DM at risk for hypoglycaemia using
SMPG data and correlated with the number of
DSH events. Using the LBGI metric, a lower risk
of hypoglycaemia with Gla-300 than Gla-100
was observed in all three trials. The finding that
differences in LBGI are greater at night is con-
sistent with previously published differences in
the pharmacokinetic profiles of Gla-300 and
Gla-100, which provides the physiological
foundation for the presented results.
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Key Summary Points

Optimal management of diabetes requires
not only the achievement of glycaemic
targets, but also the analysis of blood
glucose fluctuations potentially leading to
hyper- and hypoglycaemia.

Most glycaemic variability metrics are
inherently biased towards
hyperglycaemia, but the well-established
low blood glucose index (LBGI) focusses
entirely on low blood glucose excursions.

In this study, we used daily self-monitored
plasma glucose (SMPG) profiles to assess
the LBGI and to predict hypoglycaemia
risk in the EDITION 2, EDITION 3 and
SENIOR trials, each of which investigated
the use of insulin glargine 300 U/mL (Gla-
300) versus insulin glargine 100 U/mL
(Gla-100) in type 2 diabetes.

In all three studies, the LBGI correlated
well with the reported number of
documented symptomatic hypoglycaemia
events and could be used to identify those
at risk of hypoglycaemia.

Using the LBGI as a metric of
hypoglycaemia risk, a lower risk was
observed for Gla-300 versus Gla-100 in all
three trials, corroborating previous
analyses of pharmacokinetic and
pharmacodynamic profiles.

INTRODUCTION

Daily fluctuations in blood glucose (BG) levels,
captured under the term glycaemic variability
(GV), are a well-recognised problem in the day-
to-day management of type 1 and type 2 dia-
betes (T1DM and T2DM) [1], and are considered
a risk factor for severe hypoglycaemia [2, 3],
microvascular complications [4], cognitive
impairment, lower quality of life and negative
emotions [5, 6]. While HbA;. has been the gold

standard for assessing average glycaemic con-
trol, it is a measure of exposure to BG over
months and therefore does not account for the
more rapid changes in glycaemic control and
associated risks for hypoglycaemia that can
occur every day [1]. New evidence, and a better
understanding of the importance of GV, is
shifting attention to GV and other measures
that reflect the dynamics of BG fluctuations
beyond HbA;..

Analysis of GV, introduced 20 years ago [7]
and recently reviewed [8], has been a valuable
tool for assessing risk for hypo- and hypergly-
caemia in diabetes. While metrics such as the
mean amplitude of glucose excursions (MAGE)
and the standard deviation of blood glucose
over time have been explored, most such mea-
sures have an inherent bias towards hypergly-
caemia [8]. This is because BG values typically
have an asymmetrical distribution; therefore,
deviations towards hyperglycaemia (e.g. BG
> 10 mmol/L [180 mg/dL]) have a wider range
of values and tend to be numerically “heavier”
and are therefore given more weight than vari-
ations towards hypoglycaemia (e.g. blood glu-
cose < 3.9mmol/L [70mg/dL]) in statistical
calculations [8]. To address this issue, the design
of the low blood glucose index (LBGI), a GV-
based metric of the risk for hypoglycaemia,
ignores hyperglycaemia [3, 8-10] and places
more emphasis on the hypoglycaemic range.
The LBGI increases with the frequency and
extent of hypoglycaemic excursions and has
been used as a predictor of severe events; base-
line LBGI has been reported to be a good pre-
dictor of hypoglycaemia in people with type 1
diabetes who switched to continuous subcuta-
neous insulin infusion [11], and the LBGI has
been shown to be predictive of symptomatic
severe hypoglycaemia in people with diabetes
(2, 3].

Insulin glargine 100 U/mL (Gla-100), a once-
daily long-acting basal insulin, has been approved
in the US and Europe since 2000. It has good
efficacy and safety profiles, with less hypogly-
caemia compared with neutral protamine Hage-
dorn (NPH); however, hypoglycaemia is still
observed in patients on Gla-100 [12-14]. To
address this problem, a second-generation basal
insulin analogue, insulin glargine 300 U/mL (Gla-
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300), was developed to provide a more stable and
prolonged pharmacokinetic and pharmacody-
namic (PK/PD) profile than Gla-100, the efficacy
and safety of which was assessed versus that of
Gla-100 in the EDITION 1-3 trials of different
populations with T2DM [15-17]. Both Gla-300
and Gla-100 exhibit comparable effectiveness in
achieving glycaemic control (as measured, for
example, by reductions in HbA;. and self-moni-
tored plasma glucose [SMPG]) in people with
T2DM, although Gla-300 is associated with a
lower risk of hypoglycaemia than Gla-100
[15-17]. When comparing PK/PD profiles, Gla-
100 is associated with higher insulin concentra-
tions and activity, particularly overnight [18]. In
EDITION 2 (previously treated with basal insulin
and oral antihyperglycaemic drugs [OADs]), the
improved PK/PD profile of Gla-300 versus
Gla-100 was associated with a 37% (p = 0.031)
relative reduction in the annualised rate of noc-
turnal confirmed (< 3.9 mmol/L [< 70 mg/dL])
or severe hypoglycaemia [17]. Similarly, in EDI-
TION 3 (insulin naive), the relative risk of experi-
encing confirmed (< 3.9 mmol/L [< 70 mg/dL])
or severe hypoglycaemia at night with Gla-300
versus Gla-100 was 0.86 (95% confidence interval
[CI] 0.69-1.07) [15]. Subsequently, in the SENIOR
study of older individuals with T2DM aged
> 65 years, the hypoglycaemia benefit of Gla-300
versus Gla-100 was most marked in the oldest
subpopulation of people aged > 75 years.

In this reanalysis of the data from the
EDITION 2, EDITION 3 and SENIOR compara-
tive studies of Gla-300 and Gla-100 [15, 17, 19],
we calculated the LBGI to examine if there were
differences in this GV-based metric of hypo-
glycaemia risk between these two basal insulins.
We also explored whether the LBGI may help to
identify people with T2DM who are at an
increased risk of hypoglycaemia.

METHODS

Trials Included in the Analysis

The EDITION 2, EDITION 3 and SENIOR trials
compared Gla-300 with Gla-100 in different
populations of individuals with T2DM (Table S1
in the Electronic supplementary material, ESM)

[15, 17, 19]. All three trials had a treat-to-target
design with a fasting SMPG target of
4.4-5.6 mmol/L  (79-100mg/dL) in both
EDITION trials and a less stringent target of
5.0-7.2 mmol/L (90-130 mg/dL) for the older
population in SENIOR [15, 17, 19]. Once-daily
subcutaneous injections of Gla-300 or Gla-100
were self-administered at approximately the
same time every evening (between prior to the
evening meal and bedtime). The analysis inclu-
ded SMPG daily profiles and data on documented
symptomatic hypoglycaemia (DSH). SMPG pro-
files included plasma glucose readings taken
before and 2 hours after each meal, at bedtime
and at 3:00 a.m. in EDITION 2 and EDITION 3
studies and before each meal, at bedtime and at
3:00 a.m. in the SENIOR study. DSH was defined
as a symptomatic event confirmed by a blood
glucose reading below 3 mmol/L (54 mg/dL).

LBGI was computed using the SMPG daily
profile data and a formula that has been used
extensively in the past 20years to gauge
patients’ risk for hypoglycaemia [2, 3, 8, 10,
11, 20]. Briefly, the LBGI formula puts progres-
sively increasing weights on lower SMPG values,
thereby emphasising glucose variability in the
hypoglycaemic range. Thus, by design, LBGI is
particularly sensitive to hypoglycaemia and has
been shown to be a robust predictor of symp-
tomatic hypoglycaemic episodes [2, 3]. Further
details on the computation of LBGI are pro-
vided in the ESM.

Statistical Analyses

LBGI was analysed as the response variable in a
linear mixed effects model with covariates
including treatment (Gla-300 and Gla-100),
treatment period (titration and maintenance),
and treatment by treatment period interaction
as fixed effects and subject as a random effect
(Table 1). Mean LBGI at each collection time
point was also summarised for each treatment
and study (Fig. 1). The mean number and glu-
cose nadir of DSH were summarised by patients
with/without moderate hypoglycaemia risk
(with moderate risk defined as LBGI > 1.1) for
two treatments combined and for each study
(Fig. 2). A P value from a two-sample t-test
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Table 1 Hypoglycaemia risk comparison of participants with T2DM treated with Gla-300 versus Gla-100

Risk index EDITION 2 EDITION 3 SENIOR
Gla-300 Gla-100  p value Gla-300 Gla-100 p value Gla-300 Gla-100  p value
LBGI
Titration 0.33 0.51 < 0.0001 0.24 0.30 0.0587  0.28 0.34 0.1167
Maintenance 0.41 0.50 0.043 0.38 0.41 0.4205 0.34 0.44 0.0125
Overall p value 0.0003 0.1012 0.0084
Nocturnal LBGI
Titration 0.72 1.29 < 0.0001 0.50 0.59 0.1838  0.39 0.51 0.0604
Maintenance 0.98 1.24 0.0387  0.73 0.92 0.0176  0.52 0.67 0.0270
Overall p value < 0.0001 0.0167 0.0082

The data points represent mean values unless otherwise indicated
Gla-100 insulin glargine 100 U/mL, G/a-300 insulin glargine 300 U/mL, LBGI low blood glucose index
p value represents treatment differences between Gla-300 and Gla-100 within the titration, maintenance or overall (titration

and maintenance) trial periods

assuming unequal variance was provided to test
the mean difference between these two risk
groups. To further explore the association
between LBGI and DSH while accounting for
baseline factors, a negative binomial regression
model was fitted with number of DSH events as
the dependent variable and baseline age, base-
line duration of diabetes, baseline HbA;. and
LBGI-defined risk category as covariates for each
study. SAS 9.4 software was used for statistical
analyses.

Compliance with Ethics Guidelines

This analysis did not involve primary data col-
lection by the authors, and all reanalysed data
from EDITION 2, EDITION 3 and SENIOR were
anonymised, so separate ethical approval was
not required. Appropriate local or national
ethics committees approved the protocols for
the multicentre EDITION 2, EDITION 3 and
SENIOR trials, which were conducted according
to Good Clinical Practice and the Declaration of
Helsinki.

RESULTS

Overall LBGI (based on all relevant SMPG data)
in the EDITION 2 and SENIOR studies and
night-time LBGI (based on the 3:00 a.m. and
pre-breakfast SMPG values) in all three trials
were significantly (p < 0.05) lower with Gla-300
than with Gla-100 (Table 1). These differences
were motre apparent during the titration phases
(first 16 weeks after study initiation) than in the
maintenance phase in EDITION 2. In EDITION 3,
only the nocturnal LBGI difference between
Gla-300 and Gla-100 in the maintenance phase
reached statistical significance. For the SENIOR
study, the difference in both overall and noctur-
nal LBGI values between Gla-300 and Gla-100
reached statistical significance in the mainte-
nance but not the titration phases.

The largest differences in LBGI between
Gla-300 and Gla-100 were observed during the
night (Table 1). The finding that the LBGI dif-
ferences between Gla-300 and Gla-100 were
more prominent at night was confirmed by
examining the daily LBGI profiles. These pro-
files indicated a lower risk for hypoglycaemia
with Gla-300 versus Gla-100 in all three trials,
with the differences being most evident at
3:00 a.m. and before breakfast (Fig. 1).
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pant (EDITION 2 [r = 0.35, p < 0.001]; EDITION
3 [r=0.26, p<0.001]; SENIOR [r=0.30,
p < 0.001]). Overall, most participants were at a
low risk for hypoglycaemia (average LBGI < 1.1).
However, the average LBGI ventured into the
moderate-risk zone (defined as LBGI > 1.1 [10])
for Gla-100 pre-breakfast in EDITION 2 (Fig. 1).
Additionally, there were individuals with noc-
turnal LBGI > 1.1in all studies. Participants who
were at moderate risk of experiencing hypogly-
caemia [10] reported significantly more frequent
DSH than those at minimal risk (LBGI < 1.1)
(Fig. 2a). Regression analysis showed that the
difference in the number of DSH events between
LBGI-defined risk categories was statistically
significant (p < 0.01) for all three trials after
adjustment for baseline age, baseline duration of
diabetes and baseline HbA,.. There was a trend
for those at moderate risk of hypoglycaemia
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(LBGI > 1.1) to have lower reported blood glu-
cose nadirs for documented symptomatic
hypoglycaemic events compared with those at
minimal risk of hypoglycaemia (LBGI < 1.1)
(Fig. 2b). This difference achieved statistical
significance in EDITION 2 (p = 0.05).

DISCUSSION

The LBGI has previously been used to quantify
the risk of hypoglycaemia based on SMPG data
and to characterise glycaemic variability within
the hypoglycaemic range with different treat-
ments and populations [3, 7, 9, 10, 20-22]. Over
the past 20 years, the LBGI has been shown to
correlate with the occurrence of severe hypo-
glycaemia and has been reported to be higher in
people with a history of severe hypoglycaemia
[2, 3, 7]. Higher LBGI may indicate multiple
mild hypoglycaemic events, a small number of
severe hypoglycaemic events, or a combination
of both [23].

People with diabetes who achieve mean
glucose values within the target range could still
be at risk of complications from hypoglycaemia
and hyperglycaemia if they have high GV [24].
Therefore, for optimum glycaemic control, it is
important to focus on GV in addition to HbA;..
LBGI, which by definition increases with the
frequency and extent of hypoglycaemic excur-
sions, was consistently lower for Gla-300 than
Gla-100, particularly at night. This difference in
LBGI between Gla-300 and Gla-100 was con-
firmed in all three clinical trials examined (the
EDITION 2, EDITION 3 and SENIOR studies)
[15, 17, 19]. Insulin degludec (IDeg) is another
second-generation basal insulin analogue that
has a less variable PK/PD profile than that of
Gla-100 and has demonstrated similar gly-
caemic control to Gla-100 with less hypogly-
caemia in phase 3 clinical trials. In future
analyses, it would be of interest to use LBGI to
directly compare Gla-300 with IDeg, as no dif-
ference in SMPG variability was seen in the
recent BRIGHT trial [25], whereas PK/PD studies
comparing the two second-generation basal
insulin analogues have reported conflicting
results [26, 27].

The daily LBGI profile was consistent with
previously reported pharmacokinetic and phar-
macodynamic differences between Gla-300 and
Gla-100; at steady state, insulin concentration
and glucose infusion rate profiles following the
injection of Gla-300 were more constant over
24 h compared with those of Gla-100 [18]. It is
notable that the periods when differences
between Gla-300 and Gla-100 concentrations
were most pronounced (e.g. 03:00 a.m. and pre-
breakfast) coincide with the greatest differences
in LBGI.

Overall, LBGI was not significantly different
with Gla-300 versus Gla-100 in the EDITION 3
(insulin-naive) study, but was significantly dif-
ferent in EDITION 2 (OAD + basal insulin) and
SENIOR (older adults aged > 65 years). Night-
time LBGI was significantly different across all
three trials. It is possible that the insulin-naive
population in EDITION 3, who had a shorter
mean duration of T2DM versus participants in
EDITION 2 and SENIOR, retained greater
endogenous insulin and glucagon secretion and
hence were better able to compensate for the
more pronounced peaks and troughs of insulin
activity with Gla-100 versus Gla-300. Given the
longer mean duration of diabetes in partici-
pants in EDITION 2 (12.6 years) and SENIOR
(15.3 years) versus EDITION 3 (mean 9.8 years),
it is likely that the populations in SENIOR and
EDITION 2 would have had more advanced
T2DM versus those in EDITION 3 [15, 17, 19].
As the duration of T2DM increases, there is a
progressive loss of endogenous glucoregulatory
responses [28], which may increase the risk of
individuals experiencing hypoglycaemia in
response to peaks of exogenous insulin activity.
This may explain why the risk of hypogly-
caemia is increased with longer diabetes dura-
tion and longer duration of insulin treatment
[29, 30]. In addition, the observation that final
insulin doses were substantially higher in EDI-
TION 2 (0.97 U/kg/day) versus EDITION 3
(0.67 U/kg/day) despite identical glucose targets
[15, 17] supports the suggestion that partici-
pants in EDITION 2 had more demanding
T2DM than the insulin-naive group in EDITION 3,
and were possibly less able to cope with the more
pronounced peaks of insulin activity with Gla-100
versus Gla-300. It should be noted, however, that
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LBGI was still significantly different at night in the
previously insulin-naive population in EDITION 3,
which corresponds to the period in which the PK/
PD differences between Gla-300 and Gla-100 are
most pronounced.

There is a growing awareness of the need to
measure GV, and of the use of the GV-based
LBGI as a predictive tool to identify people at
higher risk of experiencing hypoglycaemia. In
part, the use of continuous glucose monitoring
(CGM) technology has highlighted the
requirement for a more in-depth approach to
assessing glucose control, with a focus that goes
beyond HbA,. as the main parameter of interest
[22]. While high GV in people with diabetes has
been reported in clinical studies using CGM,
discussions are ongoing regarding the most
appropriate measures of GV to use [24, 31]. For
example, the Advanced Technologies and
Treatments for Diabetes (ATTD) consensus
panel have recommended what they consider
key metrics for reporting CGM data. These rec-
ommendations included LBGI to assess the risk
of hypoglycaemia, but also other measures to
assess the risk of hyperglycaemia, such as mean
glucose, low glucose events (< 3.0 mmol/L
[54 mg/dL]), percentage time in glucose target
range (3.9-3.0 mmol/L [70-54 mg/dL]), per-
centage time in hyperglycaemia, events of ele-
vated (> 10 mmol/L [> 180 mg/dL]) and very
elevated (> 13.9 mmol/L [> 250 mg/dL]) gly-
caemia, and high blood glucose index (HBGI)
[22]. Given that LBGI, HBGI and other GV
measures can be calculated from SMPG data, the
use of LBGI in our analysis is consistent with the
international consensus in the field [22] and
other recommendations [32].

Our analysis focusses entirely on the LBGI,
rather than on other metrics of GV, which
could be considered a limitation. Other limita-
tions include the fact that only studies of
Gla-300 versus Gla-100 were used in the analy-
sis, and that CGM data were not available for
comparison.

CONCLUSIONS

LBGI appears to be a good predictor for the risk
of hypoglycaemia, and correlates well with the

reported number of DSH episodes. People with
T2DM at risk of experiencing hypoglycaemic
episodes when treated with basal insulin may be
identified by using SMPG data to calculate their
LBGI, which may be a cost-effective alternative
to CGM for hypoglycaemia risk prediction,
particularly in larger populations. When LBGI
was used as a metric of hypoglycaemic risk, a
lower risk for hypoglycaemia with Gla-300 than
with Gla-100 was reliably demonstrated in all
three trials analysed. This finding was consis-
tent with the differences in the pharmacoki-
netic profiles observed between Gla-300 and
Gla-100, providing a physiological foundation
for the presented results. While HbA;. mea-
surements and targets are a central and familiar
part of diabetes treatment, GV targets should
also be incorporated into treatment pro-
grammes to reduce the risk of hypoglycaemia,
hyperglycaemia and related diabetes complica-
tions [33].
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