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ABSTRACT

Introduction: BEYOND 7 demonstrated that a
higher starting dose (0.3 U/kg) of insulin glar-
gine 100 U/mL (Gla-100) is as safe as the stan-
dard starting dose (0.2U/kg) in Chinese
individuals with type 2 diabetes who had
uncontrolled hyperglycaemia despite receiving
oral antihyperglycaemic drugs. This post hoc
analysis determined the effect of baseline char-
acteristics on hypoglycaemia risk in these
individuals.
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Methods: Participants from BEYOND 7 were
assessed based on their age at baseline (< 60 vs.
> 60 years), duration of diabetes (< 10 vs. >
10 years), glycated haemoglobin (HbAlc; <9 vs.
> 9%) and fasting plasma glucose level (FPG; <
11 vs. > 11 mmol/L). Endpoints included the
proportion of participants with overall con-
firmed (< 3.9 mmol/L) and symptomatic hypo-
glycaemia, as well as the proportion of
participants who achieved an HbAlc < 7%
without hypoglycaemia, the time to first
achievement of fasting blood glucose
(FBG) < 7 mmol/L and the change in HbAlc
from baseline between the two treatment arms
in each of these subgroups.

Results: The proportion of participants with
overall confirmed (6.1-16.7%) or symptomatic
hypoglycaemia (5.7-18.4%) or the proportion
who  achieved HbAlc<7.0%  without
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hypoglycaemia (23.6-47.4%) was similar
between the two treatment arms in all sub-
groups, with the exception of participants with
a baseline duration of diabetes > 10 years who
experienced more symptomatic hypoglycaemia
if initiating Gla-100 at a dose of 0.3 versus 0.2
U/kg. Participants aged < 60years with an
HbAlc < 9% or > 9% or a duration of diabetes of
2-10 years achieved an FBG < 7.0 mmol/L in a
significantly shorter time with Gla-100 starting
dose of 0.3 U/kg versus 0.2 U/kg (all p < 0.001).
No significant differences were seen among the
subgroups in terms of change from baseline in
HbAlc.

Conclusions: Baseline age, duration of diabetes,
HbA1c level and FPG level do not affect the risk
of hypoglycaemia with a higher starting dose of
Gla-100 versus its standard starting dose.

Trial registration: ClinicalTrials.gov: NCT028
36704.

Keywords: Baseline characteristics;  Hypo-
glycaemia; Insulin glargine; Type 2 diabetes

Key Summary Points

Why carry out this study?

BEYOND 7 was conducted to investigate
the effects of initiating basal insulin
glargine 100 U/mL (Gla-100) at a higher
starting dose (0.3 U/kg) compared with
the standard starting dose (0.2 U/kg) in
obese or overweight Chinese individuals
with type 2 diabetes (T2D) who had
uncontrolled hyperglycaemia despite
receiving oral antihyperglycaemic drugs.

The study found that the higher starting
dose of Gla-100 was as safe as the standard
starting dose, and that self-monitored
fasting blood glucose (FBG) targets were
achieved earlier with the higher versus the
standard dose.

The aim of this post hoc analysis of
BEYOND 7 was to determine if the
baseline characteristics of individuals in
the study had any effect on study
outcomes.

What was learned from the study?

Baseline age (< 60 vs. > 60 years), duration
of diabetes (< 10 vs. > 10 years), glycated
haemoglobin (HbAlc; < 9% vs. > 9%) or
fasting plasma glucose (FPG; < 11 vs. >
11 mmol/L) had no effect on the
proportion of participants experiencing
overall confirmed hypoglycaemia

(< 3.9 mmol/L; 6.1-16.7%) or achieving
an HbAlc < 7% without hypoglycaemia
(23.6-47.4%) in BEYOND 7.

In contrast, significantly more patients
with a baseline duration of

diabetes > 10 years experienced
symptomatic hypoglycaemia if initiating
Gla-100 at the higher versus the standard
dose (p = 0.011).

Participants aged < 60 years with an
HbAlc < 9% or > 9% or a duration of
diabetes of 2-10 years achieved an FBG
< 7.0 mmol/L in a significantly shorter
time with Gla-100 starting dose of 0.3
U/kg versus 0.2 U/kg (all p < 0.001).

INTRODUCTION

Basal insulin is currently recommended for the
management of hyperglycaemia in individuals
with type 2 diabetes (T2D) when treatment with
two or three oral antihyperglycaemic drugs
(OADs) fails to effectively control hypergly-
caemia [1]. However, the proportion of indi-
viduals achieving their glycaemic targets despite
treatment with insulin (with or without OADs)
is low, mainly due to the use of a suboptimal
insulin dose [2]. Real-world data show that
insulin is only uptitrated by 0.03-0.10 U/kg
during the first 6-12 months after basal insulin
initiation [3-5]. Insufficient dose titration lar-
gely undermines the efficacy of basal insulin, as
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reported in randomised controlled trials [6] and
real-world clinical studies [3].

Both the initiation and maintenance of basal
insulin in clinical practice are complicated by
several patient- and physician-related chal-
lenges, including complexity of the therapeutic
regimen, fear of treatment-related hypogly-
caemia and weight gain, treatment costs, frus-
tration regarding not reaching the titration goal
and inconvenience and misconceptions about
insulin being a terminal treatment [2, 7-9].
From the individual’s perspective, frustration at
the time required to reach the titration goal is a
more important barrier to achieving the gly-
caemic target than fear of hypoglycaemia [10].
Achieving early glycaemic control after basal
insulin initiation, especially during the first
6 months, is important in predicting long-term
glycaemic control [11]. Therefore, there is an
urgent need to improve glycaemic control with
the initiation of basal insulin treatment.

The BEYOND 7 trial was the first randomised
controlled study to demonstrate that a higher
starting dose (0.3 U/kg) of insulin glargine
100 U/mL (Gla-100) was as safe and effective as
the standard starting dose (0.2 U/kg) in Chinese
individuals with T2D who had uncontrolled
hyperglycaemia despite being treated with two
or three OADs [12]. The aim of this subgroup
analysis of the BEYOND 7 study was to investi-
gate the effect of baseline age, duration of dia-
betes and glycated haemoglobin (HbAlc) and
fasting plasma glucose (FPG) levels on these
outcomes.

METHODS

Study Design, Participants
and Assessments

BEYOND 7 was a 16-week, multicentre, ran-
domised, open-label phase IV trial conducted at
51 centres in China between October 2016 and
April 2018. The design of the BEYOND 7 study
has been reported previously [13]. Briefly, the
study consisted of a 2-week screening phase,
followed by a 3-day run-in period, a 16-week
treatment phase and a 1-week follow-up phase.
Overweight and obese individuals (body mass

index [BMI] 25-40 kg/m?; age 18-70 years) with
a confirmed diagnosis of T2D for > 2 years and
who had uncontrolled hyperglycaemia
(FPG > 9 mmol/L; HbAlc 7.5-11.0%) despite
being treated with two or three OADs, were
included in the study.

All eligible participants were randomised
(1:1) to initiate treatment with once-daily sub-
cutaneous injections of Gla-100 (Lantus Solo-
STAR®; Sanofi-Aventis Deutschland GmbH,
Frankfurt, Germany) at the standard starting
dose (0.2 U/kg) or a higher starting dose (0.3
U/kg). The insulin dose was subsequently titra-
ted throughout the study to achieve a self-
monitored fasting blood glucose (SM-FBG) tar-
get of 5.6-7.0 mmol/L (see Electronic Supple-
mentary Material [ESM] Table S1 for titration
algorithm). The SM-FBG levels were recorded by
each individual during the study using the
sponsor-provided glucometer.

For this subgroup analysis, data from partic-
ipants were assessed based on their baseline
characteristics, including age (< 60 years
vs. > 60 years), duration of diabetes (2-10 vs. >
10 years), HbAlc level (< 9% vs. > 9%) and FPG
level (< 11 vs. > 11 mmol/L). The difference
between the two treatment arms in the pro-
portion of participants with overall confirmed
hypoglycaemia (< 3.9 mmol/L) and symp-
tomatic hypoglycaemia, as well as in the pro-
portion of participants achieving an
HbAlc < 7% without hypoglycaemia, all at
16 weeks, was determined in each of the
abovementioned baseline characteristics sub-
groups. The time to first achievement of an
FBG < 7 mmol/L and the change in HbAlc from
baseline to week 16 were also compared
between the two treatment arms in each of
these subgroups.

Statistical Analyses

Log-binomial regression analysis was used to
calculate an adjusted estimate of the difference
between groups (estimated treatment difference
[ETD]) in the proportion of participants with
overall confirmed hypoglycaemia, symptomatic
hypoglycaemia or an HbAlc < 7% without
hypoglycaemia, in the time to first achievement
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Table 1 Baseline characteristics of participants included in the BEYOND 7 study

Baseline characteristics 0.2 U/kg treatment arm 0.3 U/kg treatment arm All
(N = 429) (N = 437) (N = 866)

Age (years)

Mean + SD 532+ 9.6 517 + 9.7 52.5 + 9.7

< 60, 7 (%) 304 (70.9) 332 (76.0) 636 (73.4)

> 60, 7 (%) 125 (29.1) 105 (24.0) 230 (26.6)
Gender, 7 (%)

Male 242 (56.4) 269 (61.6) 511 (59.0)

Female 187 (43.6) 168 (38.4) 355 (41.0)
BMI (kg/m?)

Mean + SD 27.8 + 2.7 27.8 + 2.6 27.8 + 26

< 30, 7 (%) 349 (81.4) 355 (81.2) 704 (81.3)

> 30, 7 (%) 80 (18.6) 82 (18.8) 162 (18.7)
Duration of diabetes (years)

Mean + SD 79 + 45 73 + 44 7.6 + 44

< 10, 7 (%) 295 (68.8) 323 (73.9) 618 (71.4)

> 10, z (%) 134 (31.2) 114 (26.1) 248 (28.6)
Diabetic complications, 7 (%) 52 (12.1) 60 (13.7) 112 (12.9)
Number of OADs at screening, 7 (%)

2 374 (87.2) 387 (88.6) 761 (87.9)

3 55 (12.8) 50 (11.4) 105 (12.1)
Use of sulfonylurea or glinides at screening, 240 (55.9) 242 (55.4) 482 (55.7)

n (%)
HbAlc (%)

Mean + SD 8.8 + 1.0 8.8 + 1.0 8.8 + 1.0

<9, n (%) 264 (61.5) 257 (58.8) 521 (60.2)

> 9, n (%) 165 (38.5) 180 (41.2) 345 (39.8)
FPG (mmol/L)

Mean + SD 11.6 £ 2.7 115 £ 2.8 115 + 2.8

<11, 7 (%) 213 (49.7) 214 (49.2) 427 (49.4)

> 11, 7 (%) 216 (50.3) 221 (50.8) 437 (50.6)
Post-prandial glucose (mmol/L)

Mean + SD 135 £ 2.9 134 + 2.8 134 + 2.8

<15, n (%) 308 (72.0) 325 (74.4) 633 (73.2)
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Table 1 continued

Baseline characteristics

(N = 429)

0.2 U/kg treatment arm

0.3 U/kg treatment arm All
(N = 437) (N = 866)

> 15, 7 (%) 120 (28.0)

112 (25.6) 232 (26.8)

BMI Body mass index, FPG fasting plasma glucose, HbAIc glycated haemoglobin, OADs oral antihyperglycaemic drugs, SD

standard deviation

of FBG < 7.0mmol/L and in HbAlc change
from baseline to week 16, after adjusting for
each stratification factor (age, duration of dia-
betes, HbAlc and FPG). The 95% confidence
intervals (Cls) for the difference was determined
using normal approximation to the binomial.
Non-inferiority was established if the CI values
were < 10%. Heterogeneity was tested by fur-
ther including each subgroup variable and its
interaction with the treatment group in the log-
binomial regression model for all participants
and p values for the interaction were calculated.

Ethics

The BEYOND 7 study protocol was approved by
the local institutional review board at each
study site, and the study was conducted in
accordance with the ethical standards of the
institutional and/or national research commit-
tees at each centre and with the 1964 Declara-
tion of Helsinki, as revised in 2013. All authors
confirm that the study was strictly conducted as
per the Good Clinical Practice guidelines and
the manuscript complies with Good Publication
Practice guidelines. All individuals included in
the study provided written informed consent
before initiating the trial. The study was regis-
tered at ClinicalTrials.gov (NCT02836704).

RESULTS

Participant Characteristics

Overall, 1073 individuals were screened, and
892 (83.1%) were randomised to treatment. A
total of 866 (97.1%) participants received > 1
dose of Gla-100 and 814 (91.3%) participants
completed the study (ESM Fig. S1). The baseline

characteristics of participants included in the
study (mean =+ standard deviation: age
52.5 + 9.7 years; BMI 27.8 + 2.6 kg/m?) were
generally similar between the two treatment
arms (Table 1). A higher proportion of partici-
pants were aged < 60 years (76.6 vs. 70.9%) and
male (61.6 vs. 56.4%) and had a duration of
diabetes of < 10 years (73.9 vs. 68.8%) in the
0.3 U/kg treatment arm versus the 0.2 U/kg arm.

Outcomes

In the overall cohort, the incidence of con-
firmed hypoglycaemia was 11.0% in partici-
pants who started Gla-100 at 0.3 U/kg and 8.6%
in those who started at 0.3 U/kg, and the inci-
dence of symptomatic hypoglycaemia in these
groups was 9.8 and 7.0%, respectively [12].
Generally, there were no significant differences
between the two treatment arms in the pro-
portion of participants with overall confirmed
hypoglycaemia, symptomatic hypoglycaemia or
an HbAlc < 7.0% without hypoglycaemia at
16 weeks (Fig. la—c), with the exception of
patients with a baseline duration of dia-
betes > 10 years who experienced more symp-
tomatic hypoglycaemia if initiating Gla-100 at a
dose of 0.3 U/kg versus 0.2 U/kg (ETD 9.94%,
95% CI 2.04-17.85; p =0.030). Baseline age,
duration of diabetes, HbAlc and FPG had no
significant effect on any of these endpoints,
with the exception of an increased rate of
symptomatic hypoglycaemia when assessed by
baseline duration of diabetes (p value for inter-
action 0.035).

Generally, the time to first achievement of
an FBG < 7.0 mmol/L was shorter among par-
ticipants treated with the Gla-100 starting dose
of 0.3 U/kg than among participants in the
0.2U/kg arm (Table 2). Among the baseline
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Treatment groups

Difference between treatment arms

02Ukg 0.3 Ulkg ETD 95% Cl p-value p-value for
interaction
7.4% 10.9% FPG 211 mmol/L ——— 2.99%  -2.13,8.11 0.228
— 0.507
9.9% 10.7% FPG <11 mmol/L o ] 0.89%  -4.67,645 0745
9.1% 12.2% HbA1c >9% | —_— 260% 359,878  0.385
— 0.866
8.3% 10.1% HbA1c <9% — e 171%  -3.07,6.48  0.460
14.2% 16.7% Diabetes duration >10 yearso{ ~+————¢————— 127%  -7.25,980 0742
— 0.455
6.1% 9.0% Diabetes duration <10 years — ———— 2.82%  -1.21,685  0.161
8.8% 12.4% Age >60 years - —_——— 3.09% 4551072  0.393
— 0.789
8.6% 10.5% Age <60 years | —_—— 1.79% -2.58,6.17 0.398
T T T T 1
-10 5 0 5 10 15
Incidence greater with 0.2 U/kg  Incidence greater with 0.3 Ulkg
Treatment groups Difference between treatment arms
0.2Ukg 0.3 Ulkg ETD 95% Cl p-value p-value for
interaction
6.9% 9.5% FPG >11 mmol/L | ———— 2.28% 265,720 0331
— 0.866
7.0% 10.3% FPG <11 mmol/L ———— 3.07% 210,824 0223
9.1% 9.4% HbA1c 29% —_— 0.15% -5.74,6.03 0.952
0212
5.7% 10.1% HbA1c <9% — — 4.20% -027,868  0.055
6.7% 18.4% Diabetes duration >10 years — —_— 9.94% 2.04,17.85  0.009
— 0.030
7.1% 6.8% Diabetes duration <10 years —| —— -0.20% 413,373 0935
7.2% 12.4% Age >60 years - —_——— 4.63% 2.82,1209  0.201
— 0.606
6.9% 9.0% Age <60 years -| ————i 1.98% -2.08,6.04  0.306
T T T T T 1
40 5 0 5 10 15 20
<4+ >
Incidence greater with 0.2 Ukkg  Incidence greater with 0.3 U/kg
Treatment groups Difference between treatment arms
02Ukg 0.3 Ulkg ETD 95% Cl p-value p-value for
interaction
31.5% 27.6% FPG >11 mmoliL - —_— -421%  -12.93,452 0349
— 0.117
42.9% 47.4% FPG <11 mmol/L ——— 571%  -365,1506  0.166
26.5% 26.7% HbA1c >9% —_—— -1.95% -12.48, 8.59 0.781
— 0616
43.7% 44.4% HbA1c <9% — —— 170%  -6.48,9.89 0.601
25.2% 23.6% Diabetes duration >10 years - — -1.06%  -11.89,9.76  0.841
— 0.769
42.5% 41.8% Diabetes duration <10 years — —_—— 1.03% -6.75, 8.81 0.774
33.1% 32.0% Age >60 years - —_——i 0.68%  -11.38,12.75 0.905
— 0.998
38.8% 38.8% Age <60 years —— 0.79%  -6.78,8.36 0.821
T 1

-20

T
-10 0 10 20

Favours 02 Ukg  Favours 0.3 Ulkg
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«Fig. 1 Forest plots for the proportion of participants with
overall confirmed hypoglycaemia (a), symptomatic hypo-
glycaemia (b) and a glycated haemoglobin < 7.0% without
hypoglycaemia (c) by baseline characteristics subgroups in
participants initiating insulin glargine 100 U/mL at a dose
of 02 U/kg and 0.3 U/kg. The dotted vertical line
represents a treatment difference of zero. Horizontal lines
represent 95% confidence intervals. CI Confidence inter-
val, ETD estimated treatment difference, FPG fasting
plasma glucose, HbAlc glycated haecmoglobin

characteristics subgroups, individuals aged
< 60 years, participants with an HbAlc < 9% or
an HbAlc > 9%, participants with a
FPG < 11 mmol/L and individuals with a dura-
tion of diabetes of 2-10years achieved an
FBG < 7.0 mmol/L in a shorter time with a Gla-
100 starting dose of 0.3 U/kg versus 0.2 U/kg (all
p < 0.001; Table 2). In contrast, no significant
difference in the time to first achievement of an
FBG < 7.0 mmol/L between treatment groups
was observed in individuals aged > 60 years or
those with a FPG > 11 mmol/L. Baseline age,
duration of diabetes, HbAlc and FPG had no
significant effect on this endpoint (p values for
interaction all > 0.1).

In general, the change in HbAlc from base-
line to 16 weeks was numerically greater among
participants treated with Gla-100 at the higher
starting dose (0.3 U/kg) versus its standard
starting dose (0.2 U/kg), although the between-
group differences were not significant in any of
the baseline characteristics subgroups (Table 2).

DISCUSSION

The present post hoc analysis of the BEYOND 7
study showed that baseline age, duration of
diabetes, HbAlc and FPG did not generally have
a significant effect on the incidence of hypo-
glycaemia among Chinese individuals with T2D
and uncontrolled hyperglycaemia who were
treated with a higher starting dose (0.3 U/kg) of
Gla-100 versus its standard starting dose (0.2 U/
kg). The proportion of individuals experiencing
hypoglycaemia (overall confirmed or symp-
tomatic) or an HbAlc < 7% without hypogly-
caemia, as well as the change from baseline in
HbAlc at week 16 were also not significantly

different between the two treatment arms in
most of the baseline characteristics subgroups
assessed. The only individuals in whom a dif-
ference in hypoglycaemia incidence was detec-
ted were those with a baseline duration of
diabetes > 10 years who experienced more
symptomatic hypoglycaemia if initiating Gla-
100 at a dose of 0.3 U/kg versus 0.2 U/kg. This
was not unexpected since previous studies have
shown that duration of T2D and insulin dose
both increase the risk of hypoglycaemia
[14, 15]. In these subgroups, no difference in
confirmed hypoglycaemia was seen between the
dose groups, which suggests that patients with a
longer duration of T2D may be more alert to the
symptoms of hypoglycaemia than those who
have had T2D for < 10 years. These results sug-
gest that overweight or obese individuals with
T2D who have uncontrolled hyperglycaemia
despite receiving treatment with OADs may
benefit form a higher starting dose of basal
insulin irrespective of their age at baseline,
duration of diabetes, HbA1lc level or FPG level.

Timely glycaemic control among individuals
with T2D is important to delay the develop-
ment of vascular complications [16]. However,
although early initiation of basal insulin treat-
ment is beneficial [17, 18], several barriers to
insulin initiation and intensification exist,
including the risk of hypoglycaemia and com-
plexity of treatment regimens [2]. A simple and
practical approach to overcoming these barriers
is using a higher starting dose of basal insulin,
as studied in the BEYOND 7 trial, which
demonstrated shorter times to achieve FBG
targets without increased risk of hypoglycaemia
with a higher starting dose (0.3 U/kg) of Gla-100
versus its standard dose (0.2 U/kg) in Chinese
individuals with T2D who had uncontrolled
hyperglycaemia with OADs [12]. BEYOND 7
specifically enrolled people with T2D who were
overweight or obese because these individuals
are likely to require a higher initial dose of
insulin [13]. The present analysis of the
BEYOND 7 study showed that baseline charac-
teristics, including age, diabetes duration,
HbAlc and FPG, did not generally affect the
greater change from baseline in HbAlc or
reduced time required to achieve an
FBG < 7 mmol/L seen in individuals treated
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Table 2 continued

Mean change from baseline to week 16 in HbAlc (%)

0.2U/kg 0.3U/kg ETD (95%

Mean time to first FBG < 7.0 mmol/L (weeks)

Baseline

characteristics

p value for
interaction

V4

p value for
interaction

02U/kg 0.3U/kg ETD (95% CI) p value

value

arm

arm

arm

arm

subgroups

CI)

0.209

— 1.53 —0.12

— 1.35

— 096 (— 143, < 0.001

2.66

3.22

<11

(— 031,
0.07)

— 048)

— 152 0.01 (—0.18, 0919

— 156

0.084

—0.84 (— 1.33,

3.25

4.09

> 11

0.20)

—036)

CI Confidence interval, ETD estimated treatment difference, FBG fasting blood glucose

with the higher starting dose of Gla-100 versus
the standard dose (except in individuals
aged < 60 years or those with a duration of dia-
betes < 10 years); however, studies in a larger
population are warranted to confirm these
results.

The American Association of Clinical
Endocrinologists recommend a higher starting
dose of basal insulin for individuals with an
HbAlc > 8% [19, 20]. The present analysis
showed no significant difference in the inci-
dence of hypoglycaemia (overall confirmed or
symptomatic) between the 0.3 U/kg versus
0.2 U/kg treatment groups. These results suggest
that a higher starting dose (0.3 U/kg) of basal
insulin is well tolerated in overweight or obese
individuals with T2D, irrespective of their
baseline HbA1lc levels.

The main limitation of the present analysis is
that it is post hoc, and therefore the original
study was not powered to detect a significant
treatment difference within each subgroup. Also,
the effect of baseline characteristics on the inci-
dence of nocturnal hypoglycaemia in the two
treatment arms was not determined. Finally, we
did not assess the effects of rapid intensive gly-
caemic control on visual acuity in BEYOND 7,
which would have provided data on the effects of
this regimen on early deterioration of diabetic
retinopathy. Concerns have been raised that
rapid intensive glycaemic control causes an
exacerbation of diabetic retinopathy, the mech-
anism of which is not well understood, but long-
term data suggest that sustained glycaemic con-
trol has an overall beneficial effect on microvas-
cular complications such as retinopathy [21].

In conclusion, this post hoc analysis of the
BEYOND 7 study demonstrated that the base-
line age, diabetes duration, HbAlc level and
FPG level of individuals did not significantly
affect the incidence of overall confirmed or
symptomatic hypoglycaemia among over-
weight or obese Chinese individuals with T2D
treated with a higher (0.3 U/kg) versus standard
(0.2 U/kg) starting dose of Gla-100. Individuals
aged < 60 years or with a duration of dia-
betes < 10 years may achieve their FBG targets
more quickly than those aged > 60 years or
with duration of diabetes > 10 years.
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