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ABSTRACT
Aims/Introduction: The prevalence and pathophysiological background of type 2 dia-
betes mellitus vary across ethnicities, and can affect treatment responses. Adding lixisen-
atide to basal insulin (BI) in type 2 diabetes mellitus patients has shown improvements in
glycated hemoglobin (HbA1c) and postprandial glycemic (PPG) excursions, without
increasing hypoglycemic events. We aim to compare the efficacy of lixisenatide in Asian
and white patients inadequately controlled with basal insulin.
Materials and Methods: An individual-level pooled analysis of two multi-national
phase III studies, GetGoal-L and GetGoal-L-C, was carried out to assess the efficacy of lixise-
natide versus placebo as an add-on treatment to BI – metformin in Asian and white
patients with type 2 diabetes mellitus. Change in HbA1c, 2-h PPG and PPG excursion
were analyzed, along with possible predictors of glycemic control.
Results: Pooled data showed that baseline characteristics were similar between Asian
and white patients with the exception of bodyweight, body mass index and BI dose
being higher in white patients. After 24 weeks, lixisenatide reduced HbA1c in both ethnic
groups, with no statistically significant difference between the two groups (Asian patients
least squares mean difference -0.49, 95% confidence interval -0.68 to - 0.30 and white
patients least squares mean difference -0.45, 95% confidence interval -0.63 to - 0.26;
P = 0.6287). Similarly, no significant difference was found in 2-h PPG reduction between
both groups (least squares mean difference for Asian vs white patients: -3.37 vs -3.93;
P = 0.3203). Treatment with lixisenatide contributed to HbA1c reduction of -0.56% after
adjustment of baseline HbA1c level in Asian patients, and -0.41% in white patients.
Conclusions: Adding lixisenatide to BI significantly reduced HbA1c and 2-h PPG levels
in both Asian and white participants with type 2 diabetes mellitus. No differences in treat-
ment effect were observed between the two populations.

INTRODUCTION
According to a 2019 report by the International Diabetes Fed-
eration, currently 463 million adults aged 20–79 years are living
with diabetes, and this will increase to 700 million by the year
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20451. The number of people living with diabetes is increasing,
especially in the Asiatic and European region, with approxi-
mately 58 million and 82 million people reported to be living
with diabetes in Europe and South-East Asia, respectively1.
Owing to pathophysiological differences across various ethnic

populations, the risk factors for onset of type 2 diabetes mellitus
might differ among ethnic groups. Asians are more susceptible to
type 2 diabetes mellitus than Western and white counterparts,
despite lower body mass index (BMI)2. Also, it has been observed
that the development of type 2 diabetes mellitus in Asian people is
associated with impaired early phase insulin secretion3. A compar-
ative study of postprandial glucose (PPG) levels between Asian
and white people reported higher glycemic index among Asian
people; however, this increase suggests that glycemic index is inde-
pendent of the glucose tolerance of the consumer4. Due to the
pathophysiological differences in type 2 diabetesmellitus, the ther-
apeutic response to different pharmacological intervention is also
assumed to show variations among different ethnicities.
Despite the availability of multiple pharmacological interven-

tions for maintaining glycemic control in type 2 diabetes melli-
tus, it is difficult to maintain the glycemic target level of <6.5%
or <7%, in the long-term5–7. Glucagon-like peptide-1 receptor
agonist (GLP-1 RA) is a newly established therapy option for
the treatment of type 2 diabetes mellitus, and has shown posi-
tive effects owing to its ability to potentiate endogenous insulin
responses to hyperglycemia and inhibit glucagon secretion8.
Lixisenatide, a once daily7,9 short-acting GLP-1RA, improves
glycemic control by increasing postprandial insulin secretion,
delaying gastric emptying and reducing postprandial glucagon10.
Various studies have reported that adding lixisenatide to basal
insulin (BI) with or without other oral antidiabetic drugs led to
significant reduction in glycated hemoglobin (HbA1c) levels in
type 2 diabetes mellitus patients9,11–14. The results from these
studies also showed that adding lixisenatide to BI led to weight
reduction, as opposed to the usual weight gain, with lower risk
of hypoglycemia and lower total insulin dose.
The previously published GetGoal-L-C15 and GetGoal-L13

clinical trials evaluated the efficacy and safety of lixisenatide as
add-on therapy in participants with type 2 diabetes mellitus
inadequately controlled with BI therapy with or without met-
formin13,15. However, there is limited information on whether
treatment response of lixisenatide as add-on treatment to BI
could differ between ethnic groups. A comprehensive evaluation
of the efficacy of this therapy in different ethnic populations will
help make better informed decisions in disease management.
Hence, the present pooled analysis was carried out to analyze
the efficacy of lixisenatide as add-on therapy to BI, along with
determining possible predictors for glycemic control between
the Asian and white participants with type 2 diabetes mellitus.

METHODS
Study design and treatment plan
The present study included the pooled data from two individual
studies, which were randomized, placebo-controlled, two-arm,

parallel group, double-blind, multicenter, phase III studies with
24-week treatment periods ([GetGoal-L EFC6016] and [GetGoal-
L-C EFC12382]). Adults with type 2 diabetes mellitus diagnosed
for ≥1 year and receiving treatment with BI regimen for
≥3 months with a stable dose for ≥2 months, with HbA1c level of
7–10.5% and a stablemetformin dose of ≥1.0 g/day for ≥3 months
before the screening visit, if treated with metformin were included.
The included individuals were then randomized to either lixisen-
atide 20 lg or the placebo group as an add-on therapy to
BI – metformin in the two randomized controlled studies. An
individual-level meta-analysis of the efficacy of lixisenatide as an
add-on therapy to BI – metformin was carried out in Asian and
white individuals with type 2 diabetesmellitus.

Ethical considerations
This article is based on the analysis of data from previously
carried out studies. All the procedures in the original studies
involved human participants. The studies were approved by the
institutional review boards or ethics committees of the partici-
pating centers, and were in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines. All participants
gave prior written informed consent. An independent Data
Monitoring Committee provided an ongoing review of
unmasked efficacy and safety data, and an Allergic Reaction
Assessment Committee and a Cardiovascular Event Adjudica-
tion Committee reviewed masked events.

End-points assessments
The primary end-point of the present study was to analyze the
change in HbA1c levels from randomization to the end of
treatment period (week 24) in Asian and white participants.
Other assessments included change in 2-h PPG (2h-PPG), 2h-
PPG excursions, fasting plasma glucose (FPG) levels and body-
weight. Possible baseline predictors of glycemic control were
also analyzed. Data from the respective individual studies
reported that samples for FPG and HbA1c measurements were
analyzed by high-performance liquid chromatography at a cen-
tral laboratory (Covance, Princeton, NJ, USA). Participants
underwent a standardized meal challenge test (Ensure Plus� or
Nutrison�), which was consumed between 15 and 30 min after
study drug administration to assess the 2h-PPG and plasma
glucose excursions once during the run-in phase and at
week 24.

Statistical analysis
The end-points of glycemic control were analyzed using analy-
sis of covariance (ANCOVA) with treatment groups (lixisenatide
or placebo), randomization strata of HbA1c (<8.0, ≥8.0%), ran-
domization strata of metformin use (yes, no), study, sex and
country as fixed effects, and baseline HbA1c, baseline 2h-PPG,
baseline FPG, baseline insulin dose, baseline BMI, duration of
diabetes and age as a covariate. Least squares mean differences
(LSMD) were calculated for describing the treatment effect of
lixisenatide versus placebo. The multiplicative interaction term
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of treatment 9 race was used to explore consistency of treat-
ment effect between Asian and white participants, and the
interaction P-value was presented. A two-sided level of signifi-
cance of 0.05 was applied. All analyses were carried out using
SAS Enterprise Guide 7.13 HF8 (SAS Institute, Cary, NY,
USA).

RESULTS
Baseline characteristics
Out of the total 944 participant data from two individual stud-
ies, 916 individuals were included in this analysis. Out of 916
individuals, 468 (placebo n = 220; lixisenatide n = 248) individ-
uals were of Asian ethnicity, and 448 (placebo n = 164; lixisen-
atide n = 284) individuals were of white ethnicity. The
remaining 28 individuals were excluded from the analysis, as
they belonged to ethnicities other than Asian and white.
The baseline characteristics were found to be comparable

between the treatment groups in both the populations. The
mean duration of diabetes was 10.49 years for lixisenatide and
10.63 years for the placebo group in Asian participants, and
was 12.50 and 11.94 years in white participants. The mean dose
of BI use was 39.03 IU/day for lixisenatide and 38.18 IU/day
for the placebo group in Asian participants, and 54.42 and
56.01 IU/day for lixisenatide and placebo groups in white par-
ticipants, respectively. The mean HbA1c at baseline was similar
in the treatment and placebo groups for both Asian and white
participants. The descriptive analysis of baseline characteristics
showed that bodyweight, BMI and BI daily dose were higher in
the white population compared with Asian participants for
both the lixisenatide and placebo treatment groups (Table 1).
The geographical regions from where Asian and white partici-
pants were recruited for the present study are shown in
Table S1 and Figure S1.

Response to lixisenatide + BI therapy
The efficacy end-points of change in HbA1c, 2h-PPG, FPG val-
ues, and bodyweight were measured at week 24 after comple-
tion of the treatment period. Overall, 911 individuals were
included in the analysis with 467 Asian participants (placebo
n = 220; lixisenatide n = 247) and 444 white participants (pla-
cebo n = 162; lixisenatide n = 282).
A statistically significant greater reduction in the mean

change in HbA1c was observed from baseline to week 24 in
the lixisenatide group than the placebo group in both Asian
and white participants (P < 0.0001 for both Asian and white
participants). There was no significant difference in the effect of
lixisenatide among the two ethnic groups (LSMD -0.49%, 95%
confidence interval [CI] -0.68 to - 0.30 vs LSMD -0.45%, 95%
CI -0.63 to - 0.26; P = 0.6287; Table 2). As lixisenatide was
added on to a completely titrated BI before randomization,
mean FPG levels were not significantly reduced from baseline
to week 24 in both Asian and white participants.
There was a significant reduction in the 2h-PPG in the

lixisenatide group compared with placebo in both the

populations (P < 0.001) for both Asian and white participants.
No significant difference in the treatment effect of 2h-PPG was
observed between Asian and white participants (LSMD -
3.37 mmol/L, 95% CI -4.19 to - 2.54 vs LSMD -3.93 mmol/L,
95% CI -4.80 to -3.05; P = 0.3203; Table 3). The mean change
in 2h-PPG excursions was significant between the placebo
groups and lixisenatide treatment groups for both Asian and
white participants (P < 0.0001). Similar to the treatment effect
of 2h-PPG, no significant difference in the treatment effect of
2h-PPG excursions was found between the two ethnic groups
(LSMD -3.00 mmol/L, 95% CI -3.74 to -2.26 vs LSMD -
3.76 mmol/L, 95% CI -4.54 to -2.98; P = 0.1290; Table 4).
The addition of lixisenatide to BI led to a statistically signifi-

cant reduction in bodyweight among both Asian and white
participants at week 24 compared with the baseline
(P < 0.0001). However, no significant difference in treatment
effect of bodyweight was observed between the two ethnic
groups (LSMD -0.98 kg, 95% CI -1.39 to -0.57 vs LSMD -
1.55 kg, 95% CI -2.14 to -0.97; P = 0.1694; Table 5).

Baseline factors predicting response to treatment in Asian
and white participants
The present analysis showed that the treatment groups (lixisen-
atide or placebo) and baseline HbA1c levels predicted treatment
response. Thus, treatment with lixisenatide compared with pla-
cebo contributed to an HbA1c reduction of -0.56% (95% CI -
0.75 to -0.37%; P < 0.001) after adjustment of baseline HbA1c
level in Asian participants, and -0.41% (95% CI -0.61 to -
0.21%; P < 0.001) in white participants. For every 1.0% higher
baseline HbA1c, the change in HbA1c was more pronounced
with -0.27% (95% CI -0.39 to -0.15%) in Asian participants
and -0.41% (95% CI -0.53 to -0.29%) in white participants
from baseline to week 24, respectively.
Similarly, treatment with lixisenatide contributed to a signifi-

cant change in 2h-PPG values in Asian participants (LSMD -
3.69 mmol/L, 95% CI -4.59 to - 2.78; P < 0.0001) and in
white participants (LSMD -3.67 mmol/L, 95% CI -4.51 to -
2.82; P < 0.001) from baseline to week 24. Treatment with
lixisenatide significantly contributed to a reduction in 2h-PPG
excursions (Asians participants LSMD -3.29 mmol/L, 95% CI
-4.08 to -2.51) and white participants LSMD -3.76 mmol/L,
95% CI -4.52 to -3.00; both P < 0.0001 (Table 6).

DISCUSSION
The current analysis of pooled data from previously published
GetGoal studies was carried out to evaluate the differential effi-
cacy of lixisenatide as add-on therapy to BI with or without
metformin in Asian and white populations. As reported previ-
ously, type 2 diabetes mellitus in East Asian individuals is char-
acterized primarily by b-cell dysfunction rather than insulin
resistance, as observed in the white population16–19. Also, the
risk of diabetes is significantly higher in the Asian population
than the white population due to a higher amount of visceral
fat20–22.
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The therapeutic efficacy of different pharmacological interven-
tions in various ethnicities might be influenced by different diet-
ary food habits, younger age23, and the amplitude and pattern of

GLP-1 secretion after a meal24. Thus, the heterogeneity of differ-
ent ethnic groups might impact the individual’s response to vari-
ous diabetes therapies, and this is of interest to physicians in Asia.

Table 1 | Pooled demographic data and baseline clinical characteristics

Asian White

Placebo (n = 220) Lixisenatide (n = 248) Placebo (n = 164) Lixisenatide (n = 284)

Age (years)
Mean (SD) 55.2 (9.3) 53.3 (9.9) 58.3 (8.9) 58.2 (9.1)

Sex, n (%)
Male 107 (48.6%) 123 (49.6%) 67 (40.9%) 122 (43.0%)

Baseline BMI (kg/m2)
Mean (SD) 27.01 (3.70) 26.75 (3.74) 33.62 (5.85) 32.91 (5.99)

Baseline HbA1c (%)
Mean (SD) 8.00 (0.76) 8.05 (0.80) 8.28 (0.80) 8.34 (0.85)

Duration of diabetes (years)
Mean (SD) 10.63 (6.19) 10.49 (6.30) 11.94 (6.44) 12.50 (7.05)

Duration of basal insulin treatment (years)
Mean (SD) 2.29 (2.45) 2.27 (2.65) 2.83 (3.61) 2.95 (3.16)

Baseline FPG (mmol/L)
Mean (SD) 6.95 (1.86) 7.15 (2.20) 8.04 (2.59) 8.24 (2.75)

Baseline 2-h postprandial glucose (mmol/L)
Mean (SD) 14.39 (3.70) 14.13 (4.54) 15.64 (3.96) 16.29 (4.08)

Baseline basal insulin daily dose (IU/day)
Mean (SD) 38.18 (19.63) 39.03 (17.99) 56.01 (32.56) 54.42 (34.87)

Baseline bodyweight (kg)
Mean (SD) 72.21 (12.63) 71.57 (12.92) 91.48 (18.28) 90.27 (19.38)

BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; SD, standard deviation

Table 2 | Change of glycated hemoglobin from baseline to week 24

HbA1c (%) Asian White

Placebo (n = 220) Lixisenatide (n = 247) Placebo (n = 162) Lixisenatide (n = 282)

Baseline
n 219 246 160 277
Mean (SD) 7.99 (0.76) 8.04 (0.80) 8.29 (0.80) 8.34 (0.86)

Week 24
n 196 226 136 231
Mean (SD) 7.99 (1.14) 7.49 (1.15) 7.97 (1.02) 7.57 (1.04)

Change from baseline to week 24 LOCF
n 219 240 151 257
Mean (SD) 0.01 (0.98) -0.49 (1.10) -0.26 (0.93) -0.69 (0.96)
LS mean (SE) -0.46 (0.23) -0.95 (0.22) -0.56 (0.14) -1.01 (0.13)

LS mean difference (SE) -0.49 (0.10)
(-0.68 to - 0.30)

-0.45 (0.09)
(-0.63 to - 0.26)

95% CI
P-value <0.0001 <0.0001
Interaction P-value for race and treatment 0.6287

Data are mean (standard deviation [SD]) unless stated otherwise. The ANCOVA model has terms: treatment groups (lixisenatide or placebo), random-
ization strata of glycated hemoglobin (HbA1c; <8.0, ≥8.0%), randomization strata of metformin use (yes, no), study, sex and country as fixed effects,
and baseline HbA1c, baseline 2-h postprandial glycemia, baseline fasting plasma glucose, baseline insulin dose, baseline body mass index, duration
of diabetes and age as a covariate. Races with less than five patients in either of the treatment groups were combined into ‘Other’ race category.
CI, confidence interval; LOCF, last observation carried forward; LS, least squares; SE, standard error.
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Previous studies have explored the efficacy of incretin-based
therapies in different ethnic groups. A meta-analysis of 15 trials
carried out to explore the HbA1c-lowering efficacy of GLP-
1RAs reported a greater reduction of HbA1c among Asian-
dominated studies than in non-Asian-dominated studies25.
However, whether the differential glycemic effect of GLP-1RA
was due to BMI or due to potential ethnic differences was

unclear25. An individual-level pooled analysis with exenatide
b.i.d., another short-acting GLP-1RA, showed that Asian
patients exhibited significantly greater reductions in HbA1c and
PPG than white patients26. Nevertheless, that study reported
many confounding factors that might have contributed to the
differences between the exenatide therapies. For example, out-
comes between Asian and white patients were not directly

Table 3 | Change of 2-h postprandial glycemia from baseline to week 24

2h-PPG (mmol/L) Asian White

Placebo (n = 220) Lixisenatide (n = 247) Placebo (n = 162) Lixisenatide (n = 282)

Baseline
n 191 209 141 235
Mean (SD) 14.40 (3.70) 14.02 (4.59) 15.38 (3.77) 16.27 (4.02)

Week 24
n 179 197 132 219
Mean (SD) 14.30 (4.18) 10.66 (5.00) 14.47 (3.56) 10.98 (4.19)

Change from baseline to week 24 LOCF
n 184 199 128 209
Mean (SD) 0.04 (3.98) -3.41 (6.11) -0.68 (4.06) -5.19 (5.24)

LS mean difference (SE) -3.37 (0.42) -3.93 (0.44)
95% CI (-4.19 to - 2.54) (-4.80 to - 3.05)

P-value <0.0001 <0.0001
Interaction P-value for race and treatment 0.3203

Data are mean (standard deviation [SD]) unless stated otherwise. The ANCOVA model has terms: treatment groups (lixisenatide or placebo), random-
ization strata of glycated hemoglobin (HbA1c; <8.0, ≥8.0%), randomization strata of metformin use (yes, no), study, sex and country as fixed effects,
and baseline HbA1c, baseline 2-h postprandial glycemia (2h-PPG), baseline fasting plasma glucose, baseline insulin dose, baseline body mass index,
duration of diabetes and age as a covariate. Races with less than figure patients in either of the treatment group were combined into ‘Other’ race
category. CI, confidence interval; LOCF, last observation carried forward; LS, least squares; SE, standard error.

Table 4 | Change of 2-h postprandial glycemia excursion from baseline to week 24

2h-PPG excursion (mmol/L) Asian White

Placebo (n = 220) Lixisenatide (n = 247) Placebo (n = 162) Lixisenatide (n = 282)

Baseline
n 191 207 138 234
Mean (SD) 7.28 (3.11) 6.69 (3.57) 6.65 (3.48) 7.47 (3.42)

Week 24
n 179 196 131 218
Mean (SD) 6.91 (3.58) 3.47 (4.38) 6.75 (3.58) 3.28 (3.84)

Change from baseline to week 24 LOCF
n 184 198 126 209
Mean (SD) -0.33 (3.37) -3.28 (5.07) 0.15 (3.71) -4.15 (4.18)

LS mean difference (SE) -3.00 (0.38) -3.76 (0.40)
95% CI (-3.74 to - 2.26) (-4.54 to - 2.98)

P-value <0.0001 <0.0001
Interaction P-value for race and treatment 0.1290

Data are mean (standard deviation[SD) unless stated otherwise. The ANCOVA model has terms: treatment groups (lixisenatide or placebo), randomiza-
tion strata of glycated hemoglobin (HbA1c; <8.0, ≥8.0%), randomization strata of metformin use (yes, no), Study, Gender and country as fixed effects
and baseline HbA1c, baseline 2-h postprandial glycemia (2h-PPG), baseline fasting plasma glucose, baseline insulin dose, baseline body mass index,
duration of diabetes and age as a covariate. Races with less than five patients in either of the treatment groups were combined into ‘Other’ race
category. CI, confidence interval; LOCF, last observation carried forward; LS, least squares; SE, standard error.
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compared within the same study. Furthermore, although
change in HbA1c was significantly reduced to a greater extent
in Asian patients compared with white patients in the exenatide
b.i.d. group, the magnitude of HbA1c reductions with exenatide
q.w. was greater than exenatide b.i.d. regardless of race. Also, in
terms of PPG, Asian patients who received exenatide b.i.d.
showed a significantly greater reduction in PPG and post-meal
PPG excursions than white patients.
In contrast, Asian patients receiving exenatide q.w. showed

numerically similar decreases from baseline in PPG to white
patients, and significantly greater reductions than white patients
in post-breakfast and post-lunch glucose excursions. Thus, the
differing patterns of PPG response between these exenatide
therapies need to be further discussed. Finally, PPG might be a
predominant factor for influencing HbA1c and resulted in
greater responses in Asian patients. However, higher baseline
HbA1c and lower baseline BMI in the Asian population, which
are predictors for greater HbA1c reductions, might have
affected their analysis and cannot be ruled out26.
Interestingly, a nationwide audit from the UK showed lower

efficacy of liraglutide and exenatide in South Asian patients
compared with white patients with respect to HbA1c reduction
and weight reduction27. These controversial results from previ-
ous studies suggest that the differential effect in different popu-
lations cannot be generalized to all the drugs belonging to
GLP-1RA and requires further investigation.
In the present analysis, adding lixisenatide in participants

receiving BI therapy with or without metformin significantly

reduced HbA1c levels in both the Asian and white population
to a similar extent, and no interaction was found between
treatment and ethnicity. The HbA1c reduction of LSMD -
0.49% in Asian participants and -0.45% in white participants
was consistent with their individual studies (-0.4%13 and -
0.51%15, respectively). However, this HbA1c reduction was
not associated with the BMI and bodyweight difference
between Asian and white participants at baseline, suggesting
that adding lixisenatide would be a beneficial option for par-
ticipants inadequately controlled with BI irrespective of body-
weight or BMI.
The main antidiabetic effect of lixisenatide is to delay gastric

emptying, which in turn controls PPG excursions28. PPG
excursions are reported to be more pronounced in Asian indi-
viduals than in white individuals with type 2 diabetes mellitus,
and might be associated with dietary factors, and with faster b-
cell degeneration in Asian individuals17,18.
Several studies have reported significantly more pronounced

PPG reduction in Asian individuals than white individuals after
insulin or oral antidiabetic therapy29–31. In the present analysis,
no difference of PPG level was observed at baseline in Asian
and white participants, possibly because the individual clinical
studies were randomized control trials in which the assessment
of 2h-PPG was taken after a standardized meal. We also found
that lixisenatide as an add-on therapy to BI led to a significant
reduction in 2h-PPG levels in both white and Asian partici-
pants, with no difference of treatment effect on PPG reduction
between the two ethnicities. ANCOVA model analysis found that

Table 5 | Change of bodyweight from baseline to week 24

Bodyweight (kg) Asian Caucasian

Placebo (n = 220) Lixisenatide (n = 247) Placebo (n = 162) Lixisenatide (n = 282)

Baseline
n 220 247 162 282
Mean (SD) 72.21 (12.63) 71.54 (12.94) 91.46 (18.34) 90.34 (19.38)

Week 24
n 199 225 131 223
Mean (SD) 71.97 (12.68) 70.99 (13.00) 91.27 (18.82) 88.68 (18.45)

Change from baseline to week 24 LOCF
n 218 241 156 270
Mean (SD) 0.08 (2.09) -0.95 (2.21) -0.14 (2.89) -1.54 (3.03)
Median 0.00 -0.80 0.00 -1.10
Min: max -10.5: 6.0 -8.0: 4.4 -15.0: 9.5 -11.5: 6.7
LS mean (SE) -0.76 (0.49) -1.74 (0.47) -0.87 (0.44) -2.42 (0.42)

LS mean difference (SE) -0.98 (0.21) -1.55 (0.30)
95% CI (-1.39 to - 0.57) (-2.14 to -0.97)

P-value <0.0001 <0.0001
Interaction P-value for race and treatment 0.1694

Data are mean (standard deviation [SD]) unless stated otherwise. The ANCOVA model has terms: treatment groups (lixisenatide or placebo), random-
ization strata of glycated hemoglobin (HbA1c; <8.0, ≥8.0%), randomization strata of metformin use (yes, no), study, sex and country as fixed effects,
and baseline HbA1c, baseline 2-h postprandial glycemia, baseline fasting plasma glucose, baseline insulin dose, duration of diabetes and age as a
covariate. CI, confidence interval; LOCF, last observation carried forward; LS, least squares; SE, standard error.

ª 2021 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 12 No. 8 August 2021 1391

O R I G I N A L A R T I C L E

http://wileyonlinelibrary.com/journal/jdi Lixisenatide in asian and white T2DM



individuals with higher baseline PPG levels are more likely to
show better PPG reduction.
Similar to the present results, in another study carried out

among Asian individuals to assess lixisenatide efficacy as add-
on therapy to BI – sulfonylurea, baseline 2h-PPG was 17.81
and 17.75 mmol/L for the treatment and placebo group, which
was relatively higher than that for Asian individuals reported in
the present study. PPG reduction was also more pronounced in
this study (-7.83 mmol/L)9. Thus, baseline PPG might be an
important contributor to determining the efficacy of lixisenatide
rather than ethnicity. Lixisenatide therapy as add-on treatment
to BI could be more beneficial to individuals with higher base-
line 2h-PPG.
In the present analysis, no significant improvement in FPG

level was observed between the treatment groups and between
the populations. This could be due to the fact that BI was com-
pletely titrated before randomization, and kept stable after

randomization for evaluation of lixisenatide23. Thus, there was
no further decrease in FPG. In addition, the ANCOVA analysis
showed that treatment with lixisenatide contributed to an
HbA1c and 2h-PPG reduction after adjustment of baseline
HbA1c and 2h-PPG levels in Asian and white participants, sig-
nifying that lixisenatide treatment, baseline HbA1c and 2h-PPG
were significant contributors for predicting change in HbA1c
levels and PPG levels in participants with type 2 diabetes melli-
tus.
When selecting treatments for glycemic control, the impact

of type 2 diabetes mellitus treatment regimens on bodyweight
is an important factor, because patients are often reluctant to
start, comply with or intensify treatments that result in weight
gain, in particular insulin32. In the present study, the addition
of lixisenatide significantly reduced bodyweight in both ethnic
groups, showing that patients with type 2 diabetes mellitus
uncontrolled with BI might benefit from lixisenatide addition.

Table 6 | Baseline predictors affecting the response to treatment at week 24 evaluated by ANCOVA model

Baseline predictors Asian White

Estimate (95% CI) P-value Estimate (95% CI) P-value

Change in HbA1c as an outcome (%)
Lixisenatide vs placebo -0.56 (-0.75 to -0.37) <0.0001 -0.41 (-0.61 to -0.21) <0.0001
Baseline HbA1c (per 1.0%) -0.27 (-0.39 to -0.15) <0.0001 -0.41 (-0.53 to -0.29) <0.0001
Age (per year) -0.01 (-0.02 to 0.01) 0.3948 -0.00 (-0.01 to 0.01) 0.9159
Diabetes duration -0.01 (-0.02 to 0.01) 0.4755 -0.00 (-0.02 to 0.01) 0.6236
Female vs male 0.05 (-0.15 to 0.24) 0.6368 0.01 (-0.18 to 0.21) 0.9059
Baseline BMI (kg/m2) -0.01 (-0.04 to 0.02) 0.4680 0.01 (-0.01 to 0.03) 0.1987
Basal insulin dose (IU) 0.00 (-0.00 to 0.01) 0.2758 -0.00 (-0.00 to 0.00) 0.7912

Change in 2h-PPG as an outcome (mmol/L)
Lixisenatide vs placebo –3.69 (-4.59 to -2.78) <0.0001 -3.67 (-4.51 to -2.82) <0.0001
Baseline HbA1c (per 1.0%) 0.55 (-0.12 to 1.22) 0.1084 0.49 (-0.06 to 1.04) 0.0783
Age (per year) -0.04 (-0.09 to 0.02) 0.1808 0.02 (-0.02 to 0.07) 0.3240
Diabetes duration -0.05 (-0.13 to 0.04) 0.2911 -0.02 (-0.09 to 0.05) 0.5330
Female vs male -0.09 (-0.99 to 0.81) 0.8388 0.36 (-0.48 to 1.20) 0.3993
Baseline 2h-PPG (mmol/L) -0.70 (-0.82 to -0.58) <0.0001 -0.78 (-0.89 to -0.66) <0.0001
Baseline BMI (kg/m2) -0.07 (-0.21 to 0.06) 0.2874 0.01 (-0.06 to 0.09) 0.7143
Basal insulin dose (IU) -0.00 (-0.03 to 0.02) 0.8683 -0.00 (-0.01 to 0.01) 0.7991

Change in 2h-PPG excursion as an outcome (mmol/L)
Lixisenatide vs placebo -3.29 (-4.08 to - 2.51) <0.0001 -3.76 (-4.52 to -3.00) <0.0001
Baseline HbA1c (per 1.0%) 0.42 (-0.14 to 0.98) 0.1408 0.21 (-0.26 to 0.67) 0.3873
Age (per year) -0.01 (-0.06 to 0.03) 0.5886 0.00 (-0.04 to 0.05) 0.9023
Diabetes duration -0.03 (-0.10 to 0.05) 0.5073 0.01 (-0.05 to 0.07) 0.8261
Female vs male 0.38 (-0.40 to 1.16) 0.3402 0.22 (-0.54 to 0.97) 0.5749
Baseline 2h-PPG excursion (mmol/L) -0.66 (-0.79 to -0.54) <0.0001 -0.60 (-0.72 to -0.49) <0.0001
Baseline BMI (kg/m2) -0.09 (-0.21 to 0.03) 0.1418 -0.03 (-0.10 to 0.03) 0.3305
Basal insulin dose (IU) -0.01 (-0.03 to 0.01) 0.4193 0.00 (-0.01 to 0.02) 0.4417

Data are mean (standard deviation [SD]) unless stated otherwise. The ANCOVA model has terms: treatment groups (lixisenatide or placebo), random-
ization strata of glycated hemoglobin (HbA1c; <8.0, ≥8.0%), randomization strata of metformin use (yes, no), study, sex and country as fixed effects,
and baseline HbA1c, baseline 2-h postprandial glycemia (2h-PPG), baseline fasting plasma glucose, baseline insulin dose, baseline body mass index,
duration of diabetes and age as a covariate. Races with less than five patients in either of the treatment groups were combined into ‘Other’ race
category. CI, confidence interval; LOCF, last observation carried forward; LS, least squares; SE, standard error.
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HbA1c, FPG and PPG are all important targets of diabetes
treatment and glycemic control. PPG was found to be a main
reason for not reaching the HbA1c target in BI-treated partici-
pants. Analysis of databases from randomized controlled stud-
ies, registries and electronic health records showed 24–54% of
individuals with type 2 diabetes mellitus treated with BI glob-
ally had residual hyperglycemia with HbA1c not at target,
despite achieving FPG control. PPG excursions are reported to
be more pronounced in Asian individuals than in white indi-
viduals with type 2 diabetes mellitus in real-world settings, indi-
cating a significant unmet need17,18.
The results from the present analysis provided evidence that

lixisenatide has clinical benefit in Asian and white inadequately
controlled individuals with type 2 diabetes mellitus. Adding
lixisenatide to BI was found to be beneficial in both ethnicities,
irrespective of bodyweight or BMI. Also, PPG reductions might
be more effective in individuals with higher PPG excursion or
residual hyperglycemic defects. However, the study was limited
by the retrospective design, which was carried out in two data-
sets of randomized trials. Therefore, further prospective, ran-
domized trials based on ethnicity need to be carried out to
compare the efficacy of lixisenatide as add-on therapy to BI in
various races. This would help to comprehensively evaluate the
efficacy of lixisenatide on glycemic control in individuals of dif-
ferent ethnicities.
In conclusion, adding lixisenatide to BI with or without met-

formin showed a significant reduction in HbA1c and 2h-PPG
levels in both Asian and white populations, and no differences
of treatment effect was observed between the two populations.
Lixisenatide might help improve glycemic control in these clini-
cally challenging populations.
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SUPPORTING INFORMATION
Additional supporting information may be found online in the Supporting Information section at the end of the article.

Table S1 | Randomized population of Asian people based on geographical regions.

Figure S1 | Randomized population of Asian and white people in individual studies (GetGoal-L and GetGoal-L-C).
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