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ABSTRACT

Introduction This analysis aims to investigate the efficacy
and safety of once-daily lixisenatide add-on treatment to
basal insulin in Asian individuals with type 2 diabetes, by
baseline body mass index (BMI).
Research design and methods Data from all Asian
participants in the placebo-controlled GetGoal-Duo
1, GetGoal-L, and GetGoal-L-C Studies were pooled
and categorized according to the following BMI
subgroups:<25 kg/m2, 25 –<30 kg/m2 and ≥30 kg/m2.
Efficacy and safety of lixisenatide versus placebo were
evaluated among BMI subgroups. Multivariable regression
analyses were also conducted to explore the potential
influence of BMI on efficacy outcomes after adjusting for
baseline characteristics.
Results 555 participants were included (mean age 53.9
years, 52.4% men). No significant differences in treatment
effect between the BMI subgroups were observed for
the changes from baseline to 24 weeks in glycated
hemoglobin (HbA1c), fasting plasma glucose, postprandial
glucose (PPG), PPG excursion, body weight, BMI, and basal
insulin dose with lixisenatide, as well as the change in
basal insulin dose at study endpoint and the proportion
of participants achieving an HbA1c <7% at 24 weeks
(all p values for interaction >0.15). In the multivariable
regression analysis, participants in the lowest BMI group
had a smaller reduction in body weight over the 24-
week treatment period relative to the highest BMI group
(p=0.023).
Conclusions This post hoc analysis indicates that
lixisenatide improved glycemic control regardless of
baseline BMI and was well tolerated in Asian individuals
unable to achieve their HbA1c target on basal insulin ±oral
antidiabetic drugs.

INTRODUCTION
Type 2 diabetes (T2D) is a metabolic disease
resulting from insulin resistance and β-cell
dysfunction, both of which worsen over
time making treatment intensification a

Significance of this study
What is already known about this subject?
►► Data from the GetGoal clinical study program demon-

strate that, compared with add-on placebo, add-on lixisenatide was consistently associated with significantly
greater reductions in glycated hemoglobin (HbA1c) and
postprandial glucose (PPG), in individuals with type 2
diabetes also receiving basal insulin ±oral antidiabetic drugs (OADs), irrespective of the concomitant OAD
regimen.
►► Because of their effect on weight loss and diabetes,
most clinical research with glucagon-
like peptide-1
agonists has been conducted in obese/overweight individuals, but the impact of body mass index (BMI) on the
effect of lixisenatide +basal insulin in Asian individuals
is unknown.

What are the new findings?
►► No significant differences in the beneficial effect of lix-

isenatide in Asian participants also receiving basal insulin ±OADs were observed when data were analyzed by
baseline BMI.
►► Changes from baseline to 24 weeks in HbA1c, fasting
plasma glucose, PPG, PPG excursion, body weight, BMI,
and basal insulin dose, and the proportion of participants
achieving an HbA1c <7% at 24 weeks, with lixisenatide were similar between participants with a baseline
BMI <25 kg/m2, 25 –<30 kg/m2 and ≥30 kg/m2.

How might these results change the focus of
research or clinical practice?
►► Add-on lixisenatide can be used to optimize glycemic

control in Asian individuals with type 2 diabetes unable
to achieve their HbA1c glycemic targets on basal insulin
±OADs, irrespective of the individual’s BMI.

therapeutic necessity in almost every individual.1 2 Over the past four decades, the
worldwide prevalence of T2D has increased
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considerably, particularly in developing countries such as
China and countries in South-East Asia.3 This increase in
the prevalence of T2D in Asia has been in parallel with
a rise in obesity,4 a known risk factor for T2D,5 which is
thought to be due to the adoption of sedentary lifestyles
and energy-
dense Western diets.6–8 Furthermore, it is
typically harder to control blood glucose levels in individuals with T2D who are obese versus those who are not.9
There are some differences in the pathogenesis of T2D
between Asian and non-Asian individuals.10 Historically,
studies have shown that, compared with non-Asian individuals, T2D in Asian individuals was characterized more
by reduced β-cell function than by insulin resistance.11–13
However, with the increase in obesity seen in Asia over
the last four decades, the influence of insulin resistance
in Asian individuals with T2D is rising.14–18 While the
prevalence of obesity in China and other Asian countries
is still lower than in the USA and Europe,19 at any given
body mass index (BMI), an Asian person will have more
visceral fat, which can be associated with a heightened
risk of dysglycemia,20 than a non-Asian person of the
same age and sex.10 Due to all of these differences, the
pathophysiology of T2D in Asian individuals with T2D is
now characterized by both more impaired β-cell function
and worse insulin resistance than in non-Asian individuals,15–18 meaning that more intensive and customized
treatment strategies for Asian individuals with T2D are
needed.
A high proportion of individuals with T2D require
additional treatment within 1–2 years of starting treatment with basal insulin to reach or maintain glycemic
targets.21 22 When add-on therapy is required for individuals on basal insulin, one recommended option is
glucagon-
like peptide-1 (GLP-1) receptor agonists.23
Basal insulin and GLP-1 receptor agonists have complementary mechanisms of action, making the two agents a
rational therapeutic combination.2 24 While a key mechanism of the GLP-1 receptor agonists is to stimulate insulin
secretion from β-cells, the short-acting agents, such as
lixisenatide, also slow gastric emptying and suppress
appetite and glucagon secretion, which leads to marked
reductions in postprandial glucose (PPG).25 26 In contrast,
basal insulin lowers fasting plasma glucose (FPG).2 24
Studies have shown that adding a GLP-1 receptor agonist
is more effective at reducing glycated hemoglobin
(HbA1c) levels than increasing the dose of basal insulin,
and is associated with a lower incidence of hypoglycemia
than adding a rapid-acting insulin or increasing the basal
insulin dose.27 An indirect network meta-analysis of data
with different antidiabetic treatments as add-on therapy
to basal insulin found that GLP-1 receptor agonists were
associated with the greatest HbA1c-lowering effects, and
were one of two drug classes (along with sodium-glucose
cotransporter-2 inhibitors) associated with the greatest
body weight reduction.28
The GetGoal clinical study program evaluated the
efficacy and safety of lixisenatide as add-
on therapy
to basal insulin ±oral antidiabetic drugs (OADs) in
2

individuals with T2D and found that, compared with
placebo +basal insulin, lixisenatide +basal insulin was
consistently associated with a significantly greater reduction in HbA1c and PPG, irrespective of the concomitant
OAD regimen.29–32 A pooled analysis of data from three
similar GetGoal Studies (GetGoal-
Duo 1, GetGoal-
L
and GetGoal-L-C) demonstrated that mean changes in
HbA1c with lixisenatide +basal insulin were similar in
participants across a range of BMIs.33 However, given
the differences between Asian and non-Asian individuals with T2D and the substantial rise in obesity in Asian
countries in the last four decades, it is also important
to establish that the efficacy and safety of lixisenatide
and basal insulin are consistent across BMI subgroups
in Asian people, particularly since lixisenatide is the
only GLP-1 receptor antagonist currently approved
in China for use with basal insulin. Since the GetGoal
Studies included some Asian patients, participants in
these studies provided an opportunity to examine the
effect of BMI on outcomes with lixisenatide and basal
insulin specifically in Asian individuals with T2D. As
such, the aim of this post hoc analysis was to investigate
the efficacy and safety of lixisenatide and basal insulin
according to baseline BMI, using pooled data from
the Asian cohorts of participants in GetGoal Duo 1,30
GetGoal-L,29 and GetGoal-L-C.32

RESEARCH DESIGN AND METHODS
Study designs and participants
This post hoc analysis examined efficacy and safety data
obtained from all Asian participants in the intent-
to-
treat populations of the GetGoal-Duo 1 (ClinicalTrials.
gov record: NCT00975286), GetGoal-
L (
ClinicalTrials.
gov record: NCT00715624) and GetGoal-L-C (ClinicalTrials.gov record: NCT01632163) Studies. Full details of
the study designs and results for the overall populations
have been published previously.29 30 32 Briefly, participants
in these randomized, double-blind, placebo-controlled
studies had T2D with an HbA1c ≥7% despite basal insulin
and other therapies. In GetGoal-Duo 1, lixisenatide or
placebo was added to treatment with insulin glargine
and metformin ±a sulfonylurea, glinide or thiazolidinedione,30 whereas in GetGoal-
L, participants were
receiving lixisenatide or placebo treatment in combination with insulin glargine ±metformin.29 GetGoal-L-C had
the same design as GetGoal-L, but in a predominantly
Asian population.32
In all three studies, lixisenatide was administered
as a once-daily injection starting at a dose of 10 µg. In
GetGoal-L and GetGoal-Duo 1, the lixisenatide dose was
increased at 1-week intervals, first to 15 µg and then to
20 µg if tolerated.29 30 In GetGoal-L-C, the lixisenatide
dose was increased to 20 µg after 2 weeks on the starting
dose.32 All participants provided written informed
consent.
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Efficacy and safety outcomes
The primary endpoint in all three studies was the change
in HbA1c from baseline at 24 weeks after randomization.29 30 32 Secondary endpoints included changes from
baseline to week 24 in FPG, 2-hour PPG, PPG excursion,
body weight, BMI and basal insulin dose. The proportion
of individuals achieving an HbA1c <7%, as well as the
proportion of individuals achieving a variety of combined
endpoints with HbA1c <7%, and no symptomatic hypoglycemia, severe hypoglycemia or gain in body weight,
were also assessed.
Safety endpoints included the incidence and frequency
of hypoglycemia (severe hypoglycemia, any symptomatic hypoglycemia, and symptomatic hypoglycemia with
a blood glucose <3.3 mmol/L), as well as the frequency
of gastrointestinal adverse events (nausea, vomiting, and
diarrhea).
Statistical analysis
Despite above-mentioned pathophysiology differences
in Asian and non-Asian people with T2D, available clinical data do not necessarily indicate a clear BMI cut-off
point for all Asians, and as such, the WHO recommends
using their internationally recommended BMI classifications in clinical practice. In this analysis, participant-
level data were pooled and categorized according to the
following BMI subgroups: <25 kg/m2, 25 –<30 kg/m2
and ≥30 kg/m2. These are the internationally used BMI
cut-offs, used to define ‘normal weight’, ‘overweight’
and ‘obese’, respectively, which are recommended by
the WHO for use in all populations, including those
of Asian descent.34 Descriptive statistics, including
mean and SD for continuous variables and number
and proportion for categorical variables, were used to
summarize participant demographics, clinical characteristics, and efficacy and safety outcomes. Differences
between BMI subgroups were tested using a χ2 test for
categorical variables and t-tests, one-way analysis of variance or Kruskal-Wallis tests for continuous variables.
Differences between lixisenatide and placebo within
each BMI subgroup were examined using analysis of
covariance models for change from baseline to week
24 in HbA1c, FPG, 2-hour PPG, 2-hour PPG excursion,
body weight, BMI and basal insulin dose; least squares
mean (LSM) and SE for each treatment group and LSM
difference (SE, 95% CIs, and p values) between treatment groups were reported. Logistic regression was
used to test treatment difference in each BMI subgroup
for HbA1c <7% at week 24, and OR, 95% CIs and p
values were calculated. The model included a multiplicative interaction term of BMI subgroup×treatment
group to assess potential inconsistency in the treatment
effect of lixisenatide across BMI subgroups. Covariates
in all of the regression analyses included randomization strata of HbA1c (<8%, ≥8%), study (GetGoal-L,
GetGoal-L-C, GetGoal-Duo 1), age, gender, and baseline FPG, 2-hour PPG, HbA1c, BMI, basal insulin dose
and duration of diabetes.
BMJ Open Diab Res Care 2021;9:e002290. doi:10.1136/bmjdrc-2021-002290

A two-
sided p value of ≤0.05 was considered to
be statistically significant. Statistical analyses were
performed using SAS V.9.3.
RESULTS
Participant characteristics
Of the 1389 participants of the GetGoal-L, GetGoal-
L-C and GetGoal-Duo 1 Studies, 555 were Asian and
included in this analysis (mean age 53.9 years, 52.4%
men). Of these, 183 (33.0%) had a BMI <25 kg/m2 at
baseline, 276 (49.7%) had a BMI of 25 –<30 kg/m2 and
96 (17.3%) had a BMI of ≥30 kg/m2. Significant differences in body weight (p<0.001), basal daily insulin dose
(units/day; p<0.001), duration of diabetes (p=0.044),
gender (p=0.028) and age (p=0.001) were observed
between the BMI subgroups (table 1).
Compared with participants of other Asian ethnicities included in this analysis, Chinese participants had
significantly higher baseline FPG and PPG levels and
body weight, a shorter duration of basal insulin treatment, were receiving a significantly lower basal insulin
dose, and had a lower BMI (online supplemental table
1).
Efficacy
No significant differences were found for treatment
effect between the BMI subgroups in the changes
from baseline in HbA1c, FPG, 2-hour PPG, 2-hour PPG
excursion, body weight, BMI, and basal insulin dose
to week 24 (all p values for interaction >0.15; table 2,
online supplemental table 2).
After 24 weeks of treatment, lixisenatide significantly
reduced HbA1c (LSM difference –0.51%; 95% CI
–0.68% to –0.33%; p<0.001), 2-hour PPG (LSM difference –3.52 mmol/L; 95% CI –4.31 to –2.73; p<0.001) and
2-hour PPG excursion (LSM difference –3.09 mmol/L;
95% CI –3.81 to –2.38; p<0.001) levels from baseline
compared with placebo in the overall cohort (all BMI
subgroups combined; table 2). Body weight and BMI
were also significantly reduced from baseline with
lixisenatide compared with placebo in participants in
the lower BMI subgroups (<25 kg/m2: LSM difference
–0.92 kg; 95% CI –1.44 to –0.39; p<0.001 and –0.34 kg/
m2; 95% CI –0.54 to –0.15; p<0.001; 25 –<30 kg/m2: LSM
difference –1.14 kg; 95% CI –1.71 to –0.56; p<0.001 and
–0.41 kg/m2; 95% CI –0.63 to –0.20; p<0.001), but
not significantly reduced in the higher BMI subgroup
(≥30 kg/m2: LSM difference –0.96 kg; 95% CI –2.12 to
0.19; p=0.100 and –0.37 kg/m2; 95% CI –0.81 to 0.07;
p=0.101, respectively).
FPG was significantly reduced from baseline with
lixisenatide compared with placebo in participants in
the higher BMI subgroup (≥30 kg/m2: LSM difference
–1.21 mmol/L; 95% CI –2.21 to –0.21; p=0.019), but not
in the lower BMI subgroups (<25 kg/m2: LSM difference –0.39 mmol/L; 95% CI –1.03 to 0.25; p=0.234;
25 –<30 kg/m2: LSM difference –0.10 mmol/L; 95% CI
3

BMJ Open Diab Res Care: first published as 10.1136/bmjdrc-2021-002290 on 27 August 2021. Downloaded from http://drc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Emerging technologies, pharmacology and therapeutics

Table 1 Baseline characteristics by baseline body mass index (BMI) subgroup
BMI <25 kg/m2
PBO
Characteristic (n=79)

LIXI
(n=104)

BMI 25 –<30 kg/m2
Total
(n=183)

PBO
(n=142)

BMI ≥30 kg/m2

LIXI
(n=134)

Total
(n=276)

PBO
(n=42)

LIXI
(n=54)

Total
(n=96)

P value*

Age, years

56.0±9.9

54.3±9.9

55.0±9.9

55.1±9.1

53.4±9.4

54.3±9.3

50.2±7.7

51.2±10.5

50.8±9.4

0.001

Male, n (%)

40 (50.6)

51 (49.0)

91 (49.7)

76 (53.5)

83 (61.9)

159 (57.6)

23 (54.8)

18 (33.3)

41 (42.7)

0.028

HbA1c, %

7.9±0.7

8.0±0.7

8.0±0.7

8.0±0.7

8.0±0.8

8.0±0.8

8.1±0.8

8.0±0.8

8.1±0.8

0.559

Duration of
10.6±6.1
diabetes, years

11.2±6.6

11.0±6.4

10.4±6.3

10.0±6.0

10.2±6.1

8.6±6.6

9.2±6.5

9.0±6.6

0.044

Duration of
basal insulin,
years†

2.3±2.4

2.5±3.0

2.4±2.8

2.5±2.7

2.0±2.4

2.3±2.5

1.7±1.7

2.3±2.6

2.1±2.2

0.577

FPG, mmol/L

6.8±1.8

7.1±2.3

7.0±2.1

6.7±1.8

7.1±2.2

6.9±2.0

7.1±2.1

6.9±1.7

7.0±1.9

0.921

2-hour PPG,
mmol/L

14.1±3.4

14.7±4.9

14.4±4.3

14.2±3.9

13.9±4.2

14.1±4.0

14.1±3.8

12.9±3.8

13.4±3.8

0.143

Basal insulin
dose, U/day

30.7±11.6

33.3±13.5

32.2±12.7

38.1±15.1

37.4±16.2

37.8±15.6

52.2±31.4

50.1±22.4

51.0±26.6

0.6±0.2

0.5±0.2

0.5±0.2

0.5±0.2

0.5±0.2

0.6±0.3

0.6±0.3

0.6±0.3

Basal insulin
0.5±0.2
dose, U/day/kg
BMI, kg/m2

23.0±1.3

23.2±1.3

23.2±1.3

27.4±1.5

27.1±1.4

27.2±1.5

33.4±2.5

32.9±2.5

33.1±2.5

Body weight,
kg

61.9±7.4

61.6±7.4

61.7±7.4

73.0±9.9

73.5±9.7

73.2±9.8

89.4±10.5

85.3±11.8

87.1±11.4

<0.001
0.154

All values are given as mean±SD unless otherwise stated.
*P value for differences between total participants of the different BMI subgroups.
†Only available for GetGoal-L and GetGoal-L-C Studies.
FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; LIXI, lixisenatide; PBO, placebo; PPG, postprandial glucose.

–0.65 to 0.46; p=0.731) or overall study population
(LSM difference –0.34; 95% CI –0.72 to 0.03; p=0.074;
table 2).
The changes in basal insulin dose (units/day) from
baseline to week 24 were significantly different between
lixisenatide and placebo recipients in the lower BMI
subgroups (<25 kg/m2 and 25 –<30 kg/m2), but not the
higher BMI subgroup (≥30 kg/m2). When assessed by
body weight, the changes in basal insulin dose (units/
kg/day) from baseline to week 24 were significantly
different between lixisenatide and placebo recipients
only in the lowest BMI subgroup (<25 kg/m2; online
supplemental table 2).
In all BMI subgroups, significantly more participants receiving lixisenatide than participants receiving
placebo achieved an HbA1c <7% at week 24 (table 2).
The proportions of participants who achieved an
HbA1c <7% ranged between 33.1% and 34.0% with
lixisenatide and between 9.5% and 15.0% with placebo
across the BMI subgroups. The proportion of participants achieving an HbA1c <7% did not significantly
differ between BMI subgroups.
There was a significant difference between BMI
subgroups in the proportions of participants who
achieved an HbA1c <7% with no symptomatic hypoglycemia with a blood glucose <3.3 mmol/L and no
body weight gain (p=0.047; figure 1). In contrast, the
proportions of participants who achieved the other
evaluated composite endpoints did not significantly
differ between BMI subgroups (figure 1). Furthermore,
more participants receiving lixisenatide (online supplemental figure 1A) achieved the composite endpoints
4

compared with participants receiving placebo (online
supplemental figure 1B).
Safety
No participants in this pooled analysis experienced
severe hypoglycemia (table 3). The proportion of
participants with any symptomatic hypoglycemia or
symptomatic hypoglycemia with a confirmed blood
glucose <3.3 mmol/L over the 24-week treatment period
was low and similar between the BMI subgroups, with no
statistically significant difference observed between the
BMI subgroups (p=0.788 and p=0.939 for any symptomatic hypoglycemia and symptomatic hypoglycemia with a
blood glucose <3.3 mmol/L, respectively).
The proportion of participants who experienced a
gastrointestinal adverse event appeared to be similar
between the BMI subgroups. Individuals receiving
lixisenatide experienced more gastrointestinal adverse
events, such as nausea, vomiting or diarrhea, compared
with individuals who received placebo (table 3).
Multivariable regression analysis
After adjusting for baseline characteristics (treatment
group, age, gender, FPG, 2-
hour PPG, HbA1c, basal
insulin dose/body weight and duration of diabetes),
participants in the lowest BMI group (<25 kg/m2) relative to the highest BMI group (≥30 kg/m2) had a smaller
reduction in body weight over the 24-week treatment
period (estimated difference 0.68 kg; 95% CI 0.09 to 1.26;
p=0.023; table 4). Participants in the lowest BMI groups
(<25 kg/m2 and 25 –<30 kg/m2) also had a lower basal
insulin dose (units/day) at the end of the study relative to
BMJ Open Diab Res Care 2021;9:e002290. doi:10.1136/bmjdrc-2021-002290
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–0.42 (–0.67 to –0.17)
0.001

–0.62 (–0.93 to –0.31)

<0.001

 P value

0.731

–0.39 (–1.03 to 0.25)
0.234

 LSM difference (95% CI)

<0.001

–4.21 (–5.71 to –2.71)
<0.001

<0.001

–3.58 (–4.98 to –2.18)
<0.001

62.62±7.70
0.63±0.25
–0.92 (–1.44 to –0.39)

 LSM±SE change from baseline

 LSM difference (95% CI)

–0.28±0.23

61.41±7.69

62.00±7.41

 Mean±SD at week 24

61.76±7.33

–4.46±0.59

 Mean±SD at baseline

Body weight, kg

 P value

–3.03 (–3.99 to –2.08)

–0.88±0.63

–0.78±0.27

72.64±9.91

73.63±9.69

–4.48±0.45

–1.14 (–1.71 to –0.56)

0.35±0.28

73.09±10.65

72.88±9.92

–1.45±0.45

3.39±4.04

 LSM difference (95% CI)

6.63±3.46

 LSM±SE change from baseline

3.60±5.00

7.43±3.89

6.72±3.34

–4.20±0.49

7.29±3.64

7.27±3.24

–1.07±0.49

 Mean±SD at week 24

7.62±4.10

–4.63±0.62

 Mean±SD at baseline

2-hour PPG excursion, mmol/L

 P value

–3.13 (–4.18 to –2.08)

–0.42±0.67

10.76±4.48

 LSM difference (95% CI)

13.8±3.95

 LSM±SE change from baseline

10.58±5.16

14.84±4.34

13.90±4.19

0.48±0.25

14.02±3.51

14.17±3.92

0.57±0.26

 Mean±SD at week 24

14.79±5.01

0.06±0.27

7.63±2.82

7.17±2.25

42 (33.1)

–0.53±0.11

 Mean±SD at baseline

2-hour PPG, mmol/L

 P value

–0.10 (–0.65 to 0.46)

0.45±0.30

 LSM±SE change from baseline

7.31±2.23

7.49±2.23

7.19±2.13

6.81±1.81

 Mean±SD at week 24

6.71±1.83

<0.001

4.18 (2.08 to 8.37)

18.1 (5.2)

21 (15.0)

–0.11±0.12

 Mean±SD at baseline

7.12±2.31

5.98 (2.24 to 15.97)

 OR (95% CI)

FPG, mmol/L

21.9 (5.9)

 Risk difference (SE)

34 (33.3)

<0.001
9 (11.4)

 P value

HbA1c <7% at week 24, n (%)

–0.33±0.13

7.57±1.28

0.29±0.14

8.01±0.78

 LSM difference (95% CI)

7.88±0.98

 LSM±SE change from baseline

7.97±0.72

8.08±1.20

7.57±1.09

7.89±0.67

 Mean±SD at week 24

8.00±0.73

LIXI
(n=134)

 Mean±SD at baseline

HbA1c, %

PBO
(n=142)

PBO
(n=79)

LIXI
(n=104)

BMI 25 –<30 kg/m2

BMI <25 kg/m2

–0.61±0.17

7.46±1.21

7.97±0.77

LIXI
(n=54)

–0.12±0.38

7.14±2.45

6.80±1.70

18 (34.0)

–3.34±0.83

10.22±5.46

12.68±3.87

–2.95±0.67

3.14±4.14

5.52±3.53

–0.96 (–2.12 to 0.19)

0.25±0.48

89.36±10.25

89.39±10.49

0.036

–0.71±0.44

84.64±11.83

85.57±11.77

–1.98 (–3.83 to –0.13)

–0.97±0.78

5.45±3.45

6.44±2.67

0.004

–3.38 (–5.66 to –1.11)

0.04±0.95

13.94±3.79

13.82±3.61

0.019

–1.21 (–2.21 to –0.21)

1.09±0.42

8.60±2.55

7.14±2.09

0.027

4.71 (1.20 to 18.51)

24.4 (7.9)

4 (9.5)

0.013

–0.58 (–1.02 to –0.13)

–0.04±0.19

8.21±1.24

8.10±0.84

PBO
(n=42)

BMI ≥30 kg/m2

–0.49±0.08

7.55±1.20

8.00±0.76

LIXI
(n=291)

–4.11±0.34

10.60±4.90

13.99±4.49

0.23±0.16

7.38±2.52

7.08±2.18

94 (33.3)

–4.13±0.31

3.42±4.40

6.81±3.72

–0.61±0.17

70.85±12.67

71.60±12.67

–1.00 (–1.38 to –0.62)

0.39±0.18

72.58±13.07

72.28±12.89

<0.001

–3.09 (–3.81 to –2.38)

–1.04±0.33

6.70±3.64

7.15±3.29

<0.001

–3.52 (–4.31 to –2.73)

–0.59±0.36

14.14±4.06

14.07±3.74

0.074

–0.34 (–0.72 to 0.03)

0.58±0.17

7.57±2.32

6.81±1.86

<0.001

4.35 (2.66 to 7.12)

20.3 (3.5)

34 (13.0)

<0.001

–0.51 (–0.68 to –0.33)

0.02±0.08

7.99±1.10

7.97±0.73

PBO
(n=263)

All pooled participants

Continued

0.726

0.162

0.180

0.156

0.852

0.345

Interaction
P value

Table 2 Clinical responses to lixisenatide (LIXI) or placebo (PBO) add-on treatment to basal insulin therapy±oral antidiabetic drugs in the overall pooled population and by
baseline body mass index (BMI) subgroup
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<0.001
FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; LSM, least squares mean; PPG, postprandial glucose.

0.101
<0.001
 P value

<0.001

–0.25±0.06
0.12±0.07

–0.37 (–0.51 to –0.23)

–0.24±0.17
0.13±0.19
–0.36±0.10
0.05±0.10

–0.34 (–0.54 to –0.15)
 LSM difference (95% CI)

–0.12±0.08
0.22±0.09
 LSM±SE change from baseline

–0.37 (–0.81 to 0.07)

26.52±3.81
27.15±3.74
26.77±1.61
27.43±1.71

–0.41 (–0.63 to –0.20)

26.80±3.79
27.05±3.73

32.56±2.85

33.38±2.53
27.13±1.40
27.36±1.46

23.29±1.31

23.22±1.31
23.07±1.24

 Mean±SD at week 24

 P value

BMI, kg/m2

 Mean±SD at baseline

<0.001

LIXI
(n=104)

23.07±1.40

0.100
<0.001

33.39±2.60

<0.001

32.91±2.54

0.779

Interaction
P value
LIXI
(n=291)
PBO
(n=263)

All pooled participants

LIXI
(n=54)
PBO
(n=42)
PBO
(n=142)
PBO
(n=79)

LIXI
(n=134)

BMI ≥30 kg/m2
BMI 25 –<30 kg/m2
BMI <25 kg/m2

Continued
Table 2

6

Figure 1 Proportion of all study participants achieving the
composite endpoints by baseline body mass index (BMI)
subgroup. *P=0.047. BG, blood glucose; HbA1c, glycated
hemoglobin.

the highest BMI group (≥30 kg/m2; estimated difference
both p<0.001). However, there was no significant difference among the different BMI subgroups in the change
in basal insulin dose from baseline to week 24. Changes
in HbA1c, FPG, and 2-hour PPG from baseline to week 24
were not significantly different among the different BMI
subgroups. Also, the likelihood of achieving an HbA1c
<7% was similar among the different BMI subgroups.
Finally, participants in the lowest BMI subgroup (<25 kg/
m2) had a lower likelihood of achieving an HbA1c <7%
with no body weight gain (OR 0.40; 95% CI 0.18 to 0.90;
p=0.005) relative to the highest BMI subgroup (≥30 kg/
m2; table 4).
DISCUSSION
The results of this pooled post hoc analysis demonstrate
that, regardless of baseline BMI, lixisenatide was beneficial as add-on treatment to basal insulin therapy ±OADs
in Asian individuals with T2D. No significant differences
were observed between the BMI subgroups in the changes
from baseline in HbA1c, FPG, 2-hour PPG, 2-hour PPG
excursion, body weight, BMI, and basal insulin dose at
week 24. The proportion of participants with hypoglycemia was low and similar between the BMI subgroups.
As expected, lixisenatide significantly reduced HbA1c,
2-hour PPG and PPG excursion levels from baseline at
week 24 compared with placebo in all BMI subgroups.
Furthermore, in all BMI subgroups, significantly more
participants receiving lixisenatide than participants
receiving placebo achieved an HbA1c <7%. Finally, participants receiving lixisenatide experienced more gastrointestinal adverse events than those receiving placebo, with
little difference seen between the BMI subgroups.
In the original publications of GetGoal-
Duo 1,
GetGoal-
L and GetGoal-
L-
C, lixisenatide as add-
on
therapy to insulin ±OADs was associated with significantly greater reductions in HbA1c and PPG compared
with placebo in individuals with T2D.29 30 32 Eto et al
BMJ Open Diab Res Care 2021;9:e002290. doi:10.1136/bmjdrc-2021-002290
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Table 3 Hypoglycemia and gastrointestinal adverse events by baseline body mass index (BMI) subgroup
BMI <25 kg/m2
PBO
(n=79)

BMI 25 –<30 kg/m2
LIXI
(n=104)

Total
(n=183)

PBO
(n=142)

LIXI
(n=134)

BMI ≥30 kg/m2
Total
(n=276)

PBO
(n=42)

LIXI
(n=54)

Total
(n=96)

Severe hypoglycemia
n (%)

0

0

0

0

0

0

0

0

0

No of events (events/
patient-year)

0

0

0

0

0

0

0

0

0

Any symptomatic
hypoglycemia n (%)

8 (10.1)

17 (16.4)

25 (13.7)

23 (16.2)

19 (14.2)

42 (15.2)

2 (4.8)

14 (25.9)

16 (16.7)

No of events (events/
patient-year)

9 (0.20)

28 (0.42)

37 (0.33)

45 (0.57)

44 (0.54)

89 (0.55)

4 (0.15)

30 (0.75)

34 (0.51)

Symptomatic
hypoglycemia with BG
<3.3 mmol/L n (%)

6 (7.6)

12 (11.5)

18 (9.8)

16 (11.3)

14 (10.5)

30 (10.9)

2 (4.8)

8 (14.8)

10 (10.4)

No of events (events/
patient-year)

7 (0.15)

23 (0.34)

30 (0.27)

30 (0.38)

37 (0.46)

67 (0.42)

3 (0.12)

15 (0.37)

18 (0.27)

Gastrointestinal
adverse events, n (%)

13 (16.5)

42 (40.4)

55 (30.1)

18 (12.7)

52 (38.8)

70 (25.4)

5 (11.9)

20 (37.0)

25 (26.0)

4 (5.1)

30 (28.9)

34 (18.6)

7 (4.9)

36 (26.9)

43 (15.6)

4 (9.5)

14 (25.9)

18 (18.8)

 Vomiting

2 (2.5)

12 (11.5)

14 (7.7)

1 (0.7)

11 (8.2)

12 (4.4)

0

7 (13.0)

7 (7.3)

 Diarrhea

3 (3.8)

4 (3.9)

7 (3.8)

4 (2.8)

6 (4.5)

10 (3.6)

0

1 (1.9)

1 (1.0)

 Nausea

BG, blood glucose; LIXI, lixisenatide; PBO, placebo.

found that the mean reductions in HbA1c were smaller,
but not significantly so, for participants enrolled in these
studies with a lower BMI relative to those with a higher
BMI (mean changes between –0.63% and –0.73%; p=0.88
between BMI groups).33 In contrast, they also found
that the mean reductions in PPG with lixisenatide were
greater in participants with a lower BMI than those with
a higher BMI (p<0.0001 between BMI groups).33 The
results of this analysis showed that, in the Asian participants of these studies, there were no significant differences in the changes from baseline observed in HbA1c
and 2-
hour PPG between BMI subgroups, suggesting
that the difference observed between BMI subgroups in
PPG in the analysis by Eto et al might be driven by the

non-Asian participants of the studies. The results of this
analysis are also in line with another pooled analysis of
eight studies in the GetGoal study program, which indicated that baseline BMI had little effect on the change in
HbA1c observed with lixisenatide.35
In the overall pooled population and the lower BMI
subgroups, lixisenatide had little to no effect on FPG
compared with placebo. This was an expected result,
as participants enrolled in the GetGoal Studies had
controlled FPG levels prior to initiating the add-on treatment and shorter acting GLP-1 receptor agonists are
known to primarily reduce PPG and not FPG.29 30 32 36
However, studies have shown that in individuals receiving
basal insulin who are not achieving HbA1c targets,

Table 4 Summary of multivariable regression results of the association of body mass index (BMI) subgroup with different
clinical responses in Asian participants with type 2 diabetes
BMI <25 vs ≥30 kg/m2
Estimated difference
(95% CI)
Change in HbA1c, %

BMI 25 –<30 vs ≥30 kg/m2
P value

Estimated difference
(95% CI)

P value

0.18 (–0.09 to 0.44)

0.187

–0.02 (–0.27 to 0.22)

0.857

–0.26 (–0.83 to 0.30)

0.360

–0.23 (–0.76 to 0.31)

0.402

Change in 2-hour PPG, mmol/L

0.47 (–0.74 to 1.67)

0.448

0.10 (–1.04 to 1.24)

0.861

Change in body weight, kg

0.68 (0.09 to 1.26)

0.023

0.13 (–0.42 to 0.67)

0.654

Change in FPG, mmol/L

Change in basal insulin dose, U/day

0.48 (–1.20 to 2.15)

Endpoint basal insulin dose, U/day

–13.95 (–16.14 to 11.76)

0.576
<0.001

0.14 (–1.43 to 1.71)
–9.41 (–11.46 to 7.35)

Change in basal insulin dose, U/kg/day

0.007 (–0.018 to 0.032)

0.593

0.005 (–0.018 to 0.029)

Endpoint basal insulin dose, U/kg/day

0.007 (–0.018 to 0.032)

0.593

0.005 (–0.018 to 0.029)

 

OR (95% CI)

P value

OR (95% CI)

0.858
<0.001
0.645
0.645
P value

Endpoint HbA1c <7%

0.97 (0.48 to 1.93)

0.691

1.15 (0.60 to 2.21)

0.519

Endpoint HbA1c <7% and no body weight gain

0.40 (0.18 to 0.90)

0.005

1.02 (0.50 to 2.07)

0.089

FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; PPG, postprandial glucose.
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targeting PPG over FPG is critical as, while both HbA1c is
an indication of blood glucose exposure from a combination of both PPG and FPG, PPG is the main contributor
to hyperglycemic exposure in these individuals.37 Interestingly, in the current analysis, lixisenatide significantly
reduced FPG compared with placebo in those individuals
with a BMI ≥30 kg/m2. This was not observed by Eto et al in
the pooled analysis of the study populations,33 suggesting
that BMI may influence the effect of lixisenatide on FPG
levels in the Asian versus non-Asian participants of the
GetGoal Studies. However, it is important to highlight
that this result may be due to the small sample sizes and
with no p value for interaction between BMI subgroups
found for FPG, further studies are warranted to confirm
this result in those individuals with a BMI ≥30 kg/m2.
Like other GLP-1 receptor agonists, lixisenatide
promotes body weight loss in individuals with T2D.38 In
this analysis, a modest mean reduction in body weight
of 0.61 kg over 24 weeks was observed in individuals
receiving lixisenatide, compared with an increase of
0.39 kg in placebo recipients. Lixisenatide was associated with a significantly greater reduction in body weight
versus placebo in individuals with a BMI <25 kg/m2 or a
BMI of 25 –<30 kg/m2 (both p<0.001) but not in individuals with a BMI ≥30 kg/m2 (p=0.100 vs placebo).
This result is contradictory to that observed by Eto et al,
where a greater baseline BMI tended to be associated
with a greater reduction in body weight with lixisenatide
add-on treatment.33 There may be a number of reasons
for this unexpected result in the current analysis. First,
the increase in body weight observed in individuals
receiving placebo with a BMI ≥30 kg/m2 was smaller than
that observed in individuals in the lower BMI subgroups
receiving placebo. Second, the group with a BMI ≥30 kg/
m2 comprised only 17% of the total study cohort, so the
analysis may have been underpowered to detect a difference in body weight loss between lixisenatide and placebo
in this group. The latter reason is supported by the fact
that the reduction in body weight with lixisenatide in
participants with a BMI ≥30 kg/m2 was similar to that
observed in participants with a BMI of 25–30 kg/m2.
Because of their beneficial effects on weight loss, clinical studies of GLP-1 receptor agonists are often enriched
with individuals whose BMIs are in the overweight or
obese categories. Moreover, average weight and height
differ between ethnic groups, so the BMI thresholds that
define overweight/obesity in a Caucasian population
are not necessarily applicable in Asian individuals.39 The
current study demonstrates that lixisenatide as add-on
therapy to basal insulin is effective in an Asian population, irrespective of BMI, and confirms previous data that
lixisenatide efficacy is independent of BMI from studies
in Caucasian or Japanese individuals with diabetes.40–42
The results of this analysis are in line with other analyses
conducted in individuals receiving other GLP-1 receptor
agonists. Studies of both liraglutide43 44 and exenatide45–49
indicate that baseline BMI values are not predictive of the
reduction in HbA1c seen with these treatments. While
8

Fadini et al reported that baseline BMI was predictive for
the reduction in body weight observed with liraglutide
treatment,43 none of the other studies of GLP-1 receptor
agonists found a correlation between baseline BMI and
body weight loss.44–49
There are some limitations to this analysis, the main
one being the post hoc nature of this analysis. While
the retrospective design and imbalance in participant
numbers between subgroups limit the internal validity of
these results, the results indicate that BMI does not appear
to have an effect on the known effectiveness and safety
of lixisenatide in Asian individuals with T2D. Further
prospective studies evaluating the effect of lixisenatide
and other GLP-1 receptor agonists in participants with
different BMIs are warranted to confirm these results.
Another limitation of this analysis may be the BMI categories chosen, as studies have suggested that individuals of
Asian descent have different health risks associated with
BMI compared with those of European descent. However,
a WHO expert consultation addressed these issues in the
early 2000s, concluding that the WHO BMI cut-off points
should be retained as international classifications for all
populations,34 and as such the standard BMI categories
were assessed in this analysis. However, further studies
investigating the effects of different BMI/waist circumference or precise adipose tissue measurement on the efficacy and tolerability of lixisenatide are warranted. Finally,
given the design of the original GetGoal Studies, we were
unable to determine the true effect of lixisenatide +basal
insulin treatment on FPG, or if BMI had any influence on
the glucose-lowering effect of this combination, as during
the run-in period basal insulin treatment was titrated to
achieve optimal FPG levels. Again, a study investigating
lixisenatide +basal insulin in individuals with elevated
FPG levels, as well as the influence of BMI on the treatment effect, is warranted.

CONCLUSION
The findings of this post hoc analysis indicate that BMI
does not impact on the ability of lixisenatide to optimize glycemic control in Asian individuals with T2D
unable to achieve their HbA1c glycemic targets on basal
insulin ±OADs. In clinical practice, there is a large diversity in the BMI profiles of Asian individuals receiving
basal insulin who require additional treatment, so this
favorable effect of lixisenatide on glycemic control, independent of BMI, is promising and supports the combination of basal insulin +lixisenatide in these individuals.
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Supplementary Table 1. Baseline characteristics by ethnicity.
Characteristic

Chinese
Other Asian
All pooled participants
PBO
LIXI
Total
PBO
LIXI
Total
PBO
LIXI
Total
(n = 129)
(n = 122)
(n = 251)
(n = 134)
(n = 170)
(n = 304)
(n = 263)
(n = 292)
(n = 555)
Age, years
55.3 ± 9.2
53.5 ± 9.4
54.4 ± 9.4
53.8 ± 9.4 53.2 ± 10.1 53.5 ± 9.8
54.6 ± 9.3
53.3 ± 9.8
53.9 ± 9.6
Male, n (%)
72 (55.8)
71 (58.2)
143 (57.0)
67 (50.0)
89 (52.4)
148 (48.7)
139 (52.9)
152 (52.1)
291 (52.4)
HbA1c, %
8.0 ± 0.7
7.9 ± 0.7
8.0 ± 0.7
8.0 ± 0.7
8.1 ± 0.8
8.0 ± 0.8
8.0 ± 0.7
8.0 ± 0.8
8.0 ± 0.8
Duration of diabetes, years
9.2 ± 5.3
9.5 ± 5.4
9.4 ± 5.4
11.1 ± 7.0
10.9 ± 6.9
11.0 ± 6.9
10.2 ± 6.3
10.3 ± 6.3
10.2 ± 6.3
Duration of basal insulin, yearsa
2.0 ± 2.1
1.9 ± 2.2
1.9 ± 2.2
2.7 ± 2.8
2.6 ± 3.0
2.7 ± 2.9
2.3 ± 2.5
2.3 ± 2.7
2.3 ± 2.6
FPG, mmol/L
7.4 ± 1.5
7.5 ± 1.9
7.4 ± 1.7
6.3 ± 2.0
6.8 ± 2.4)
6.6 ± 2.2
6.8 ± 1.9
7.1 ± 2.2
7.0 ± 2.0
2-hour PPG, mmol/L
15.8 ± 3.3
15.4 ± 3.9
15.6 ± 3.6
12.4 ± 3.4
12.9 ± 4.5
12.7 ± 4.1
14.1 ± 3.7
14.0 ± 4.4
14.1 ± 4.1
Basal insulin dose, U/day
30.8 ± 10.5 29.0 ± 10.5 29.9 ± 10.5 45.2 ± 22.6 45.0 ± 18.7 45.1 ± 20.5 38.1 ± 19.1 38.3 ± 17.6 38.2 ± 18.3
Basal insulin dose, U/day/kg
0.4 ± 0.2
0.4 ± 0.1
0.4 ± 0.1
0.6 ± 0.3
0.7 ± 0.3
0.6 ± 0.3
0.5 ± 0.2
0.5 ± 0.3
0.5 ± 0.2
BMI, kg/m2
26.6 ± 3.3
26.2 ± 3.3
26.4 ± 3.3
27.5 ± 4.1
27.2 ± 4.0
27.3 ± 4.1
27.0 ± 3.7
26.8 ± 3.8
26.9 ± 3.7
Body weight, kg
73.6 ± 12.3 73.0 ± 13.4 73.3 ± 12.8 71.0 ± 13.4 70.3 ± 12.0 70.6 ± 12.6 72.3 ± 12.9 71.5 ± 12.6 71.8 ± 12.8
All values are given as mean ± standard deviation unless otherwise stated.
a
Only available for GetGoal-L and GetGoal-L-C studies.
BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; LIXI, lixisenatide; PBO, placebo; PPG, postprandial glucose; U, units.

P-value

0.257
0.052
0.170
0.015
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.038
0.013
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Supplementary Table 2. Change in basal insulin dose with lixisenatide or placebo add-on treatment to basal insulin therapy ± oral antidiabetic

drugs in the overall pooled population and by baseline body mass index subgroup.
BMI < 25 kg/m2

BMI 25 to < 30 kg/m2

BMI ≥ 30 kg/m2

All pooled participants

PBO

LIXI

PBO

LIXI

PBO

LIXI

PBO

LIXI

(n = 79)

(n = 104)

(n = 142)

(n = 134)

(n = 42)

(n = 54)

(n = 263)

(n = 291)

Mean ± SD at baseline

30.98 ± 11.62

33.19 ± 13.02

38.30 ± 15.19

37.34 ± 16.36

52.36 ± 31.81

50.08 ± 22.59

38.35 ± 19.26

38.28 ± 17.67

Mean ± SD at week 24

31.98 ± 12.75

31.25 ± 12.57

38.36 ± 16.20

36.57 ± 16.47

53.59 ± 32.00

48.29 ± 23.88

38.88 ± 19.99

36.91 ± 17.92

1.71 ± 0.90

–1.20 ± 0.82

1.46 ± 0.66

–0.06 ± 0.63

2.11 ± 1.13

0.41 ± 1.01

1.49 ± 0.47

–0.63 ± 0.43

Interaction
P-value

Basal insulin dose, U/day

LSM ± SE change from baseline
LSM difference (95% CI)

–2.91 (–4.85, –0.97)

–1.53 (–2.94, –0.11)

–1.70 (–4.43, 1.03)

–2.12 (–3.15, –1.09)

0.004

0.035

0.219

< 0.001

P-value

0.542

Basal insulin dose, U/day/kg
Mean ± SD at baseline

0.51 ± 0.20

Mean ± SD at week 24
LSM ± SE change from baseline
LSM difference (95% CI)
P-value

0.54 ± 0.22

0.54 ± 0.23

0.52 ± 0.24

0.59 ± 0.34

0.60 ± 0.27

0.54 ± 0.24

0.52 ± 0.22

0.52 ± 0.22

0.54 ± 0.24

0.51 ± 0.25

0.02 ± 0.01

–0.02 ± 0.01

0.02 ± 0.01

0.01 ± 0.01

0.54 ± 0.24

0.60 ± 0.34

0.57 ± 0.28

0.54 ± 0.25

0.53 ± 0.25

0.02 ± 0.01

0.004 ± 0.01

0.02 ± 0.01

–0.004 ± 0.01

–0.04 (–0.07, –0.01)

–0.02 (–0.04, 0.01)

–0.01 (–0.05, 0.02)

–0.02 (–0.04, –0.01)

0.014

0.176

0.353

0.002

0.333

CI, confidence interval; LIXI, lixisenatide; LSM, least squares mean; PBO, placebo; SD, standard deviation; SE, standard error; U, units.
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