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ABSTRACT

Introduction: To compare glycemic variability
(GV) and time in range (TIR) in Chinese
patients with type 2 diabetes (T2D) initiated on
once-daily bedtime insulin glargine 300U/ml
(Gla-300) versus neutral protamine Hagedorn

(NPH) insulin using continuous glucose moni-
toring (CGM).
Methods: This was a 24-week, open-label
exploratory study with 1:1 randomization
comparing patient-adjusted titration of Gla-300
(n = 23) versus NPH (n = 23) at bedtime in
insulin-naı̈ve T2D patients on maximum oral
glucose-lowering drugs. The starting dose was
0.2 U/kg/day and with self-titration of one unit
per week to achieve a target fasting glucose of
4.4–6 mmol/l, without hypoglycemia. Partici-
pants had masked CGM at baseline, weeks 11
and 24. The primary outcome was between-
treatment differences in CGM glucose standard
deviation (SD) at week 24.
Results: HbA1c at week 24 were similar, with
21% of Gla-300 versus 4% of NPH-treated
patients achieving HbA1c\7% without con-
firmed hypoglycemia. There were no differences
in anytime glucose SD at week 24 (LS mean
difference - 0.08 mmol/l, 95% CI
[- 0.42–0.26], p = 0.63). Anytime %TIRs (3.9–-
10.0 mmol/l) at week 24 were similar (p = 0.91).
Nocturnal % time below range\3.9 mmol/l
was significantly lower in the Gla-300 group
(least squares (LS) mean difference – 5.03%
[- 9.92 to - 0.14], p = 0.04) with lower %
coefficient of variation (LS mean difference
- 4.5% [- 8.1 to - 0.8], p = 0.018). Diurnal TIR
was higher in Gla-300 patients at week 11 but
there were no differences at week 24.
Conclusions: Once-daily bedtime Gla-300 was
associated with lower nocturnal GV, time below
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range and self-reported hypoglycemia in insu-
lin-naı̈ve Chinese T2D patients over a 24-week
study period, as compared with NPH insulin.
Clinical Trial Registration: ClinicalTrials.gov
Identifier: NCT03389490.

Keywords: Continuous glucose monitoring;
Glucose variability; Insulin analogues

Key Summary Points

Why carry out this study?

Insulin glargine 300U/ml (Gla-300) is a
second-generation basal analogue with a
more consistent pharmacokinetic profile
and lower hypoglycemic risk than first-
generation analogues and neutral
protamine Hagedorn (NPH) insulin

Gla-300 may be associated with lower
glycemic variability (GV) but there have
been few studies with continuous glucose
monitoring (CGM) of insulin-naı̈ve type 2
diabetes (T2D) patients

What was learned from the study?

Once-daily bedtime Gla-300 was
associated with lower nocturnal GV, time
below range and self-reported
hypoglycemia in insulin-naı̈ve Chinese
T2D patients over a 24-week study period,
as compared with NPH insulin

Diurnal TIR was higher in Gla-300 patients
at week 11 but there were no differences at
week 24

Gla-300 was associated with lower self-
reported anytime hypoglycemia and
nocturnal hypoglycemia especially during
the initial titration period

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.14135432.

INTRODUCTION

Insulin glargine 300 U/ml (Gla-300) is a second-
generation basal insulin analogue with a lower
risk of hypoglycemia compared with neutral
protamine Hagedorn (NPH) and first-generation
basal insulin analogues. It has a smoother and
more consistent pharmacokinetic profile with
an extended terminal half-life [1]. In phase 3
studies in insulin-naı̈ve type 2 diabetes (T2D)
patients, Gla-300 was associated with non-in-
ferior glucose control compared with insulin
glargine 100 U/ml (Gla-100) with a lower risk of
nocturnal hypoglycemia [2]. These observations
also extended to East Asians [3]. Use of Gla-300
resulted in similar glycemic control but lower
risk of hypoglycemia when compared against
another second-generation insulin analogue
(insulin degludec) particularly in the initial
titration period in insulin-naı̈ve patients with
T2D [4].

Gla-300 with its smoother pharmacokinetic
(PK) profile may be associated with lower gly-
cemic variability (GV). In a study involving 50
type 1 diabetes patients using continuous glu-
cose monitoring (CGM), Gla-300 was associated
with smoother average 24-h glucose profiles,
lower glycemic excursions and less nocturnal
hypoglycemia compared with Gla-100 [5].
However, few studies to date have evaluated GV
and CGM profiles, including diurnal differences
in T2D patients newly initiated on Gla-300. We
hypothesized that Gla-300 administered once
daily at bedtime would be associated with lower
GV and hypoglycemic risk, with non-inferior
glycemic control as determined by time-in-tar-
get (TIR) ranges and HbA1c compared with
neutral protamine Hagedorn (NPH) insulin in
T2D patients on maximal oral glucose-lowering
drugs (OGLDs) newly initiated on insulin with
self-titration. In this light, reduced hypo-
glycemia would encourage greater confidence
in self-titration in the initiation period [6]. This
exploratory study aimed to evaluate GV and TIR
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in Chinese T2D patients initiated on once-daily
bedtime Gla-300 or NPH insulin.

METHODS

Trial Design

This was a 24-week, single-center, open-label,
parallel-group exploratory trial with 1:1 ran-
domization comparing self-titration of Gla-300
versus NPH insulin on GV in insulin-naı̈ve T2D
patients. The study was conducted at the Prince
of Wales Hospital, Hong Kong Special Admin-
istrative Region, between January 2018 and
December 2019. The frequency of study visits
was in line with usual practice following insulin
initiation in the local setting. We selected NPH
as a comparator since this remains the first-
choice insulin in the publicly funded care set-
ting in the absence of risk factors for hypo-
glycemia including advanced chronic kidney
disease, history of severe hypoglycemia or sig-
nificant comorbidities. The study protocol was
approved by the Joint New Territories East
Cluster and Chinese University of Hong Kong
Clinical Research Ethics Committee. The study
was conducted according to the Good Clinical
Practice guidelines and Declaration of Helsinki.
All participants provided written informed
consent (ClinicalTrials.gov Identifier:
NCT03389490).

Participants

Insulin-naı̈ve T2D individuals were included if
they were aged between 18 and 75 years, treated
with three or fewer OGLDs, had a body mass
index (BMI)\ 40 kg/m2 and were capable and
willing to perform regular self-monitored blood
glucose at home (SMBG). Patients with HbA1c
level[7.0 and\11% and fasting plasma glu-
cose (FPG)[ 7.5 and\15 mmol/l at screening
were included. Key exclusion criteria included
known hypoglycemia unawareness or recurrent
severe hypoglycemia, concomitant medications
known to interfere with glucose metabolism, a
change in dose of non-insulin GLDs or initia-
tion of new OGLDs in the 8 weeks prior to

screening, acute concurrent illness during the
3-month period prior to study, hepatic disease,
end-stage kidney disease, pregnant or breast-
feeding women and those who were unable to
comply with follow-up visits.

Randomization

Eligible patients were randomized to Gla-300
insulin (Sanofi-Aventis, Paris France) or NPH
insulin (either Humulin N, Eli Lilly, Indi-
anapolis, IN, USA, or Protaphane HM, Novo
Nordisk A/S, Bagsvaerd, Denmark) in a 1:1 ratio.
Assignment to treatment group was by a com-
puter-generated random sequence by personnel
not involved in the study.

Interventions

Each patient was randomized to either Gla-300
or NPH insulin to be administered once daily
between 9 p.m. and 12 midnight at approxi-
mately the same time every day. The starting
doses of Gla-300 and NPH were both 0.2U/kg
for comparison. Insulin was self-titrated weekly
based on an average of three fasting SMBG
readings per week, aiming for a mean fasting
SMBG target of 4.4–6.0 mmol/l. Insulin was
increased by 1U per week if the mean value was
greater than the pre-set target. Patients were
asked to contact the study team for adjustment
of insulin doses if the average SMBG was C 3.3
and\ 4.4 mmol/l. The study team would
decrease insulin by C 2 U (according to inves-
tigator discretion) if SMBG\3.3 mmol/l or
severe or multiple symptomatic hypoglycemic
events occurred.

The study consisted of seven pre-specified
on-site visits at weeks - 1, 0, 4, 11, 12 and 24
and three telephone visits. Following random-
ization at week 0, phone visits were conducted
at week 1, 2 and 8 to report on SMBG, insulin
titration, and any hypoglycemia or adverse
events. Patients were instructed on the self-ti-
tration algorithm at randomization, reinforced
as necessary during the first 12 weeks of self-ti-
tration. Masked CGMs for determination of GV
and TIR were collected for 7 consecutive days at
baseline (week – 1), week 11 and week 24 using
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the Medtronic iPro2TM with Elite sensor (Med-
tronic, Northridge, CA, USA) with frequency of
calibrations as recommended by the manufac-
turer. Raw CGM data were inspected and only
patients with at least 70% valid sensor data were
included in the analysis. Other secondary out-
comes were measured at weeks 0, 12 and 24.

Rescue Medications

The doses and regimen of concomitant OGLDs
remained stable throughout the study unless
the patient fulfilled the rescue criteria. After
week 12, rapid-acting acting prandial insulin
(Actrapid or Humulin R) was added before the
largest meal at the investigators’ discretion, if
FPG could not be lowered below\ 11 mmol/l or
HbA1c\ 8.5% (\69.4 mmol/mol). Participants
were continued on OGLDs throughout the
study, with doses of sulfonylureas/glinides
adjusted if C 2 symptomatic or one severe
hypoglycemic episode occurred, even after
adjustment of insulin.

Outcome Measures

The primary outcome was described by the
standard deviation (SD) of CGM glucose. The
coefficient of variation of CGM glucose (CV%)
was defined as SD/average glucose 9 100%. Sec-
ondary CGM-based endpoints included average
sensor glucose (SG), mean amplitude of glucose
excursions (MAGE), glucose management index
(GMI), mean percentage time in range
(\3.0 mmol/l,\3.9 mmol/l 3.9–10.0 mmol/
l,[10.0 mmol/l,[ 13.9 mmol/l) [7]. GMI, a
correlate of HbA1c based on CGMmean glucose,
was defined according to the formula GMI
(%) = 3.31 ? 0.02392 9 [mean glucose in mg/l]
[8]. Other glycemic endpoints included mean
change in laboratory HbA1c and FPG at week 24,
daily fasting SMBG and 7-point SMBG profiles at
week 24, insulin dose (units per kilogram) and
changes in body weight. The proportion of
patients achieving target HbA1c\ 7%, with and
without biochemically confirmed hypo-
glycemia, respectively, was calculated.

Self-reported hypoglycemic events were col-
lected throughout the on-treatment study

period. The number of biochemically confirmed
level 1 (\3.9 mmol/l) and level 2 (\3.0 mmol/
l) hypoglycemic events was reported [9]. A sev-
ere hypoglycemic event was denoted by severe
cognitive impairment requiring assistance for
recovery. The incidence and number of hypo-
glycemic events per patient-year were calcu-
lated using the above thresholds; 00:00–05:59 h
was categorized as nocturnal and between 0600
to 2359 h as diurnal. We also analyzed events
during titration (weeks 0–12) and maintenance
(weeks 13–24) periods.

Statistical Methods

Data were expressed as mean (SD) unless
otherwise stated. All efficacy endpoints were
assessed in the intention-to-treat (ITT) popula-
tion (all randomized patients who received at
least one dose of study insulin, analyzed
according to the treatment group allocated by
randomization). Change in GV and secondary
endpoints (average SG, TIRs, HbA1c, FPG) dur-
ing the 24-week period were analyzed by a
mixed effect model with repeated measures
(MMRM) using a missing at random framework,
with treatment group, visit and treatment-by-
visit interaction as fixed effects, participant as
random effect, and baseline efficacy variable
and baseline efficacy variable-by-visit interac-
tion as fixed continuous covariates. From the
model, relevant treatment differences were
estimated as least squares (LS) means with
standard errors (SEs) and LS mean difference
with 95% confidence interval [CI]. Twenty-four-
hour glucose profiles were generated by calcu-
lating the mean and 95% CI pooled across all
patients within each treatment group. The
proportion of patients with one or more self-
reported hypoglycemic episodes was estimated.
Annualized hypoglycemia event rates were cal-
culated as events per patient-year, and the rel-
ative risk between treatment groups was
estimated using the overinflated Poisson
regression model.

Based on estimated mean scores for anytime
glucose SD and a standard deviation of
0.5 mmol/l, a total sample size of 44 (22 in each
arm) would have a power of * 80% at alpha
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0.05 to detect a 0.5 mmol/l difference in the
primary outcome at week 24 using sample size
estimation for a multilevel design with repeated
measures [10]. Fifty patients were enrolled
allowing for a 12% drop-out rate. Data were
analyzed with R version 3.3.2 (R Foundation for
Statistical Computing) and SPSS software pack-
age version 25.0 (IBM Corp., Armonk, NY, USA).
A p value\0.05 was considered statistically
significant.

RESULTS

Study Population

A total of 50 insulin-naı̈ve patients with T2D
were enrolled, 1 withdrew consent with 25
randomized to the NPH group and 24 to Gla-
300. Twenty-three patients in the Gla-300
group and 23 patients in the NPH group
received at least one dose of study medication
and were included in the modified ITT analysis.
Eighty-seven percent of patients in the Gla-300
group and 78% of patients in the NPH group
completed the study. A summary of patient flow
is shown in Fig S1. The baseline characteristics
of randomized patients are shown in Table 1.
Age, mean duration of diabetes, baseline HbA1c
and FPG were similar between groups. Over half
of patients were treated with three non-insulin
OGLDs in both arms.

HbA1c, FPG and 7-point SMBG

There were no overall differences in HbA1c at
week 12 and week 24 between the two inter-
vention groups. At week 24, HbA1c was 7.44
(0.54)% versus 7.43 (0.79)% in the Gla-300 and
NPH groups, respectively (LS mean difference
- 0.16%, 95% CI [- 0.57–0.25], p = 0.43). FPG
was 6.92 (1.96) mmol/l versus 7.36 (2.08)
mmol/l in the Gla-300 and NPH groups at week
24, respectively (LS mean difference
- 0.30 mmol/l, 95% CI [- 1.89–1.30], p = 0.70)
(Fig S2). At week 11, the 7-point SMBG tended
to be lower in the Gla-300 compared with the
NPH group but these differences did not persist
at week 24. Twenty-one percent of patients in

the Gla-300 group versus 4% in the NPH group
achieved HbA1c\7% without confirmed
hypoglycemia (Fig S3).

Glycemic Variability

GV increased in both groups compared with
baseline following initiation of insulin
(Table 2). Mean change ± SE in CGM glucose
SD was 0.15 ± 0.11 and 0.23 ± 0.12 mmol/l in
the Gla-300 and NPH groups at week 24 (LS
mean difference - 0.08 mmol/l, 95% CI
[- 0.42–0.26], p = 0.63). There were no signifi-
cant differences in change in %CV between
groups over the study period (LS mean differ-
ence - 1.4, 95% CI [- 4.8–2.0] %, p = 0.40).
MAGE was also similar between the two groups
during the study.

We further analyzed GV indices by time of
day. The diurnal %CV was similar between the
two arms (LS mean difference - 2.8%, 95% CI
[- 3.9–3.4], p = 0.88). However, change in noc-
turnal CV was significantly lower in the Gla-300
group compared with the NPH group at week 24
(3.9 ± 1.2 versus 8.3 ± 1.3%, LS mean differ-
ence - 4.5%, 95% CI [- 8.1 to - 0.8], p = 0.018)
(Table 2).

The average sensor glucose was mean (SD)
9.23 (1.40) and 8.81 (1.21) mmol/l in the Gla-
300 and NPH groups, respectively, at week 24
(LS mean difference - 0.081 mmol/l, 95% CI
[- 0.61–0.77], p = 0.83) There were no signifi-
cant differences in the GMI between groups at
week 24 (Table 2).

Time in range

Overall, the mean percentage TIR
3.9–10.0 mmol/l at week 24 was similar between
the Gla-300 and NPH groups (LS mean differ-
ence 0.47%, 95% CI [- 7.39–8.33], p = 0.91).
There were no significant differences in time
above range (TAR) ([10.0 mmol/l) (Table 3).

We further analyzed TIR by time of day. TIR,
TAR and time below range (TBR) during the
diurnal hours were similar between treatment
groups (Fig. 1). Diurnal TIR (3.9–10.0 mmol/l)
was higher in the Gla-300 versus NPH group
(65.6 versus 56.5%) at week 11 but these
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differences did not persist at week 24 (Fig. 1).
Nocturnal TBR (B 3.9 mmol/l) was significantly
lower in Gla-300- versus NPH-treated patients at
week 24 (LS mean difference - 5.03% [- 9.92 to
- 0.14], p = 0.04, Fig. 1). The mean percentage
time in level 2 nocturnal hypoglycemia
(\3.0 mmol/l) was also numerically lower in
the Gla-300 versus NPH group (Fig. 1). The
percentage nocturnal TIR was higher in the Gla-
300 versus NPH arms (80.2% versus 76.5%) at
week 24.

Twenty-four-hour Glucose Profile

Averaged 24-h CGM profiles at baseline, weeks
11 and 24 are shown in Fig. 2. The lowest mean
nocturnal sensor glucose occurred between
04:00 and 05:00 h in the NPH group. In the Gla-
300 group, this occurred between 06:00 and
07:00 h. We examined differences in mean SG
in the last 4 h of the injection interval
(19:00–23:00 h). Mean SG was lower in Gla-300-
compared with NPH-treated patients at week 11
(9.38 mmol/l versus 10.60 mmol/l). However, at

Table 1 Baseline characteristics of the randomized population

Gla-300
n = 24

NPH
n = 25

Overall
n = 49

Age 57.5 (10.9) 59.2 (13.8) 58.4 (12.4)

Sex 17 M/7F 13 M/12F 30 M/19F

Duration of T2DM (years) 14 (8) 13 (5) 13(7)

Weight (kg) 68.4 (12.6) 63.6 (12.9) 66.0 (12.9)

BMI (kg/m2) 25.6 (4.3) 24.1(3.5) 24.8 (4.0)

eGFR (ml/min/1.73 m2) 76 (27) 86 (20) 13 (7)

Baseline FPG (mmol/l) 9.71 (2.58) 9.40 (1.64) 9.55 (2.14)

Baseline HbA1c (%) 8.86 (1.00) 8.98 (1.06) 8.92 (1.02)

Baseline HbA1c (mmol/mol) 73.4 (10.9) 74.5 (11.6) 74.0 (11.2)

No. of priors OGLD n (%)

0 1 (4) 1 (4) 2 (4)

1 5 (21) 2 (8) 7 (14)

2 4 (17) 8 (32) 12 (25)

3 14 (57) 14 (56) 28 (57)

Prior OGLDs n (%)

Metformin 18 (75) 22 (88) 40 (82)

Sulfonylurea 19 (79) 15 (60) 34 (69)

DPP4i 14 (58) 19 (76) 33 (67)

SGLT2i 7(29) 5 (20) 12 (25)

TZD 0 (0) 1(4) 1 (2)

Data mean (SD) or n (%)
BMI body mass index, DPP4i dipeptidyl peptidase 4 inhibitors, FPG fasting plasma glucose, eGFR estimated glomerular
filtration rate by CKD-EPI equation, Gla-300 insulin glargine 300 U/ml, NPH neutral protamine Hagedorn, OGLDs oral
glucose-lowering drugs, SGLT2i sodium-glucose co-transporter 2 inhibitors, TZD thiazolidinediones
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Table 2 Continuous glucose monitoring (CGM) metrics during the 24-week study period

Gla-300 (n = 23) NPH (n = 23)

Glucose SD (mmol/l)

Anytime

Baseline 2.80 (0.60) 2.96 (0.76)

Week 11 2.92 (0.75) 3.13(0.74)

Week 24 3.03 (0.70) 3.19 (0.76)

LS mean change (SE) week 24 0.15 (0.11) 0.23 (0.12)

LS mean difference [95% CI] week 24 - 0.08 [- 0.42–0.26], p = 0.63

Nocturnal

Baseline 1.95 (0.61) 2.06 (0.8)

Week 11 1.92 (0.75) 2.01 (0.55)

Week 24 1.88 (0.48) 2.34 (0.99)

LS mean change (SE) week 24 - 0.04 (0.11) 0.21 (0.12)

LS mean difference [95% CI] week 24 - 0.25 [- 0.58–0.09], p = 0.15

%CV (%)

Anytime

Baseline 27 (7) 28 (5)

Week 11 34 (8) 34 (5)

Week 24 33 (8) 36 (7)

LS mean change ± SE week 24 6.4 ± 1.1 7.8 ± 1.2

LS mean difference (95% CI) week 24 - 1.4 [- 4.8–0.02], p = 0.40

Nocturnal

Baseline 22 (8) 23 (6)

Week 11 26 (9) 28 (7)

Week 24 25 (7) 32 (9)

LS mean change ± SE week 24 3.9 ± 1.2 8.3 ± 1.3

LS mean difference (95% CI) week 24 - 4.5 [- 8.1 to - 0.8], p = 0.018 *

MAGE

Baseline 7.03 (1.67) 7.27 (1.85)

Week 11 6.92 (2.44) 8.03 (2.10)

Week 24 7.56 (1.87) 7.75 (1.77)

LS mean change ± SE week 24 0.18 ± 0.30 0.62 ± 0.32

LS mean difference (95% CI) week 24 - 0.44 [- 1.32–0.43], p = 0.31

GMI

Baseline 7.93 (0.75) 7.88(0.70)

Week 11 7.07(0.53) 7.23 (0.68)

Week 24 7.29 (0.61) 7.09 (0.52)

LS mean change ± SE week 24 - 0.67 ± 0.10 - 0.74 ± 0.11

LS mean difference [95% CI] week 24 0.48 [- 0.25–0.34], p = 0.74

Data mean (SD) unless otherwise stated. CV: coefficient of variation, GMI: glucose management index, MAGE: mean amplitude of glycemic excursion, SD: standard
deviation of glucose, LS: least squares; *statistically significant between groups
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Table 3 CGM time in range during the 24-week study period

Gla-300 (n = 23) NPH (n = 23)

Anytime

%Time in range 3.9–10 mmol/l

Baseline 49.7 (21.5) 47.0 (21.5)

Week 11 63.7 (20.7) 64.3 (16.2)

Week 24 61.5 (15.8) 63.7 (13.9)

LS mean change ± SE week 24 16.6 ± 2.6 16.1 ± 2.9

LS mean difference [95% CI] week 24 0.47[- 7.39–8.33], p = 0.91

%Time above range[ 10 mmol/l

Baseline 52 (22) 50 (17)

Week 11 32.0 (17.4) 33.2 (17.11)

Week 24 36.4 (16.7) 32.7 (14.9)

LS mean change ± SE week 24 - 18.4 ± 2.8 - 18.8 ± 3.0

LS mean difference [95% CI] week 24 0.35 [- 7.94–8.64], p = 0.93

%Time below range\ 3.9 mmol/l

Baseline 0.75 (2.21) 0.64(1.44)

Week 11 2.82 (3.67) 3.00(4.04)

Week 24 2.20 (3.50) 3.61(3.94)

LS mean change ± SE week 24 1.83 ± 0.62 2.94 ± 0.65

LS mean difference [95% CI] week 24 - 1.11 [- 0.30–0.79], p = 0.23

Nocturnal

%Time in range 3.9–10 mmol/l

Baseline 62.4 (28.4) 72.7 (23.2)

Week 11 77.87 (22.2) 77.6 (17.3)

Week 24 80.2 (17.1) 76.5 (17.5)

LS mean change ± SE week 24 16.3 ± 4.0 3.98 ± 5.6

LS mean difference [95% CI] week 24 12.3 [- 3.20 to 27.7], p = 0.12

%Time above range[ 10 mmol/l

Baseline 35.8(29.5) 26.0(22.9)

Week 11 16.1(23.0) 14.0(18.4)

Week 24 17.3(18.5) 15.0(16.7)

LS mean change ± SE week 24 - 19.2 ± 5.0 - 11.8 ± 5.5

LS mean difference [95% CI] week 24 - 7.37 [- 22.4 to 7.6], p = 0.33

%Time below range\ 3.9 mmol/l

Baseline 1.79 (5.07) 1.28 (3.40)

Week 11 6.00 (8.95) 8.42 (10.1)

Week 24 2.70 (5.46) 8.50 (10.7)

LS mean change ± SE week 24 2.88 ± 1.6 7.91 ± 1.8

LS mean difference [95% CI] week 24 - 5.03[- 9.92 to - 0.14], p = 0.04*

Data: mean (SD) unless otherwise stated. LS: least squares, SE: standard error; *statistically significant between groups
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week 24, the mean SG was similar in both
groups between 19:00 and 23:00 h (Fig. 2).

Self-reported Hypoglycemia by SMBG

The incidence and rates of hypoglycemia are
shown in Table 4. The incidence of biochemi-
cally confirmed hypoglycemia B 3.9 mmol/l by
SMBG was significantly lower in the Gla-300
group compared with NPH group throughout
the 24-week period (30.4 versus 73.9%, RR 0.41,
95% CI [0.21–0.8], p = 0.003). The incidence of
hypoglycemia\3.0 mmol/l was also lower in

the Gla-300 group but this did not reach sta-
tistical significance (Table 3). Most of the
hypoglycemic events occurred during weeks
0–12. Incidence of nocturnal SMBG confirmed
hypoglycemia B 3.9 mmol/l was significantly
lower in the Gla-300 group (4.3 vs. 39.1%, RR
0.11, 95% CI [0.02–0.81], p = 0.004) (Table 4).
There were no severe hypoglycemic episodes in
either arm.

Fig. 1 Time in range during diurnal (06:00–23:59) and nocturnal periods (00:00–05:59) at baseline, weeks 11 and 24
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Insulin Dose and Body Weight

The starting dose in both groups was similar:
0.20 (0.01) U/kg in the Gla-300 and 0.19 (0.01)
U/kg in the NPH groups. In the Gla-300 group,
the insulin dose increased to 0.23 (0.05) U/kg at
week 12 and 0.25 (0.07) U/kg at 24 weeks. In the

NPH group, the insulin dose was static at 0.21
(0.06) U/kg and 0.21 (0.05) U/kg at 12 and
24 weeks, respectively. Body weight increased
by mean (SD) D1.5 (2.7) kg in the Gla-300 group
versus D1.2 (3.1) kg in the NPH group at the end
of the study.

Seven patients in the Gla-300 group and six
patients in the NPH group had sulfonylureas
reduced after week 12 because of recurrent
hypoglycemia. No patient in the Gla-300 group
received rescue therapy while two patients in
the NPH group received pre-prandial Actrapid
insulin with the largest meal at week 12.

bFig. 2 Mean sensor glucose profile over 24 h in Gla-300
(turquoise) and NPH (red) groups during the study
period. Data displayed are mean values pooed across
patients by time of day. Data are mean 95% confidence
interval

Table 4 Incidence and event rate of anytime and nocturnal self-reported hypoglycemia during the 24-week study period

A. Anytime (24-h) self-reported hypoglycemia

Incidence (%) Event rate (events per patient-year)

Gla-300 NPH RR [95% CI] p Gla-300 NPH RR [95% CI] p

24-week period

Confirmed B 3.9 mmol/l 30.4 73.9 0.41 [0.21, 0.8] 0.003 0.9 6.2 0.16 [0.06, 0.42] \ 0.001

Confirmed\ 3.0 mmol/l 4.35 21.7 0.2 [0.03, 1.58] 0.187 0.1 0.9 0.11[0.11, 1.12] 0.063

0–12 weeks

Confirmed B 3.9 mmol/l 26.1 73.9 0.35 [0.17, 0.73] 0.001 1.4 9.3 0.16 [0.06, 0.40] \ 0.001

13–24 weeks

Confirmed B 3.9 mmol/l 4.3 31.6 0.14 [0.02, 1.05] 0.034 0.4 2.6 0.14 [0.02, 0.89] 0.037

B. Nocturnal (0000–0059 h) self-reported hypoglycemia

Incidence (%) Event rate (events per patient-year)

Gla-300 NPH Gla-300 NPH

24-week period

Confirmed B 3.9 mmol/l 4.3 39.1 0.1 1.5

Confirmed\ 3.0 mmol/l 0 17.4 0 0.6

0–12 weeks

Confirmed B 3.9 mmol/l 0 42.9 0 2.7

13–24 weeks

Confirmed B 3.9 mmol/l 5.0 5.6 0.2 0.2

(A) Incidence (%) and proportion (n/n) of patients with one or more episodes of hypoglycemia and relative risk (RR) 95%
confidence interval. Annualized hypoglycemia event rates by study period. (B) Nocturnal hypoglycemia incidence and event
rate
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DISCUSSION

In this study, we have compared CGM profiles
in Chinese insulin-naı̈ve type 2 diabetes
patients initiated on a second-generation basal
analogue Gla-300 compared with NPH insulin
following a self-titrated regimen. Similar HbA1c
levels and average glucose were achieved at
week 24 but Gla-300 was associated with fewer
episodes of self-reported biochemically con-
firmed hypoglycemia and CGM-detected hypo-
glycemia.. Gla-300 was associated with lower
nocturnal GV and CGM detected hypo-
glycemia. However, there were no differences in
anytime or diurnal GV and TIR between the
Gla-300 and NPH groups.

Our data are unique in studying CGM pro-
files during insulin initiation with self-titration
in Asian T2D patients, where few data exist for
both NPH and second-generation insulin ana-
logues. As expected, Gla-300 was associated
with lower rates of hypoglycemia compared
with NPH insulin. Our findings are consistent
with previous results in the EDITION trials in
T2D patients where Gla-300 consistently
reduced nocturnal hypoglycemia compared
with Gla-100 with no differences in HbA1c
[2, 3]. With comparable HbA1c and FPG
achieved between treatment groups, there were
notable differences in GV and TIR between the
Gla-300 and NPH groups that varied by time of
day. Percentage TBR was lower in the Gla-300
group compared with the NPH group during
nocturnal hours. Nocturnal %CV was also sig-
nificantly lower in the Gla-300 group. This is
probably not due to the reduction in sulfony-
lurea dose after week 12 as the number of
affected patients was similar in each arm.
Indeed, our CGM data support the observations
that a more consistent PK profile of Gla-300
could lead to lower nocturnal variability and
risk of hypoglycemia compared with NPH
administered at bedtime.

Surprisingly, no differences were observed
with the anytime and diurnal GV and TIR range
between study arms at week 24. The mean SG
tended to be lower in the last 4 h of the insulin
injection interval (19:00–23:00) at %TAR at
week 11, but not at week 24. A similar trend was

observed with 7-point SMBG profiles. Gla-300
has an extended terminal half-life with coverage
up to 36 h compared with NPH insulin. In a
previous study involving people with type 1
diabetes, lower SGs were observed in the last 4 h
of Gla-300 administration compared with Gla-
100 [5]. Overall, percentage time in hyper-
glycemia remained high in both treatment arms
during the day at the end of the study. These
differences could be ethnic-specific reflecting a
greater contribution of daytime postprandial
glucose compared with fasting glucose toward
overall glycemic control in Asian patients. In a
previous analysis of Gla-100, Asian patients
with T2D had higher HbA1c despite optimiza-
tion of FPG compared with non-Asian patients
[11].

Our study is also unique in comparing CGM
profiles during insulin titration and mainte-
nance periods. We note a larger number of self-
reported hypoglycemic events occurred during
the initial 12-week titration period, which was
significantly higher in the NPH group. A lower
risk of hypoglycemia in the initial titration
period with Gla-300 has also been observed in
head-to-head trials with insulin degludec [4].
CGM has the advantage of detecting asymp-
tomatic hypoglycemia particularly during the
nocturnal hours. Here we note that the time in
nocturnal hypoglycemia decreased from week
11 and week 24 for the Gla-300 group and
remained lower overall compared with NPH-
treated patients.

The final insulin dose was 0.25 U/kg in Gla-
300 versus 0.21 U/kg in the NPH group with the
same starting dose of 0.2 U/kg. Dose require-
ments of Gla-300 are generally 10–15% higher
than those of Gla-100 or NPH. In the NPH
group, up-titration of insulin was frequently
limited by hypoglycemia. The overall basal
insulin requirements were lower in this trial
compared with Caucasians and could be linked
to ethnic differences, as has been observed in
lower dose requirements in phase 3 trials of Gla-
300 in Asians in a physician-titrated setting [3].
Due to ethnic differences in basal insulin
requirements, our self-titration regime was
designed to be less aggressive, titrating by 1 IU
weekly compared with other studies where
insulin was titrated every few days [6]. We
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cannot exclude the possibility that the ade-
quacy of self-titration could have influenced our
results. In our study, generally both arms
adhered to the self-titration protocol to the
same extent. The two patients lost to follow-up
in the NPH group also defaulted other usual
care appointments; therefore, this was unlikely
related to the allocated intervention per se. We
cannot exclude the possibility the results may
be different under a physician-titrated setting,
although other studies have shown better or
similar glycemic control with self-titration ver-
sus titration by care team [6]. Another reason
for differences in insulin requirement may be
the higher number of background GLDs com-
pared with previous studies. Over half of the
patients in this trial were treated with three
background OGLDs.

Increased GV has been shown to be associ-
ated with increased oxidative stress [12]. In
patients with T2D and acute coronary syn-
drome, GV was found to be predictive of mid-
term cardiovascular (CV) events, independent
of mean HbA1c levels [13]. Nocturnal hypo-
glycemia has been associated with cardiac
arrhythmias in patients with T2D in studies
using ambulatory Holter and CGM monitoring
[14]. Hypoglycemia may elicit sustained pro-
inflammatory and prothrombotic effects that
predispose to adverse CV events downstream of
the episode [15]. This underscores the impor-
tance of reducing GV and minimizing hypo-
glycemia, while optimizing glucose control,
especially in patients with T2D with advanced
disease and high CV risk [16].

The strength of this study relates to the
detailed 24-h CGM profiles throughout the
insulin initiation, titration and maintenance
phases. There are limitations to this study
including the small sample size and open-label
design. Only 7 days of blinded CGM data were
collected. We acknowledge that 14 days of CGM
may provide more representative data but the
study was designed and received ethical
approval prior to the publication of the 2017
international consensus on CGM reporting [17].
We compared initiation of Gla-300 versus NPH
insulin because of their relevance to the local
setting where the majority of T2D patients
would be initiated on NPH insulin as first line in

the absence of risk factors for hypoglycemia.
However, future head-to-head trials should
compare CGM profiles of Gla-300 versus other
basal insulin analogues. There are subtle differ-
ences in PK between second-generation basal
insulin analogues, and it would be of interest to
explore whether these translate into clinically
relevant differences in 24-h glucose profiles and
GV [18]. Studies comparing CGM profiles with
evening and morning administration of Gla-
300 are also needed.

In conclusion, our data suggest that Gla-300
once daily at bedtime was associated with sim-
ilar HbA1c but lower nocturnal %CV, TBR and
self-reported hypoglycemia in insulin-naı̈ve
T2D patients over a 24-week study period
compared with NPH insulin. No differences
were observed in diurnal GV or TIR at 24 weeks
between groups. Use of second-generation ana-
logues may promote more effective self-titration
for optimizing fasting blood glucose without
fear of hypoglycemia, particularly nocturnal
hypoglycemia; however, these findings need to
be confirmed in larger studies.
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