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Abstract

Background: The effect of lixisenatide—a prandial once‐daily glucagon‐like peptide‐1 recep-

tor agonist—on glycaemic control in patients with inadequately controlled type 2 diabetes

mellitus (T2DM), stratified by baseline β‐cell function, was assessed.

Methods: The 24‐week GetGoal‐M, ‐P and ‐S trials evaluated the efficacy and safety of

lixisenatide in combination with oral antidiabetic agents. This post hoc analysis used data from

patients receiving lixisenatide in these trials, divided into matched cohorts by propensity scoring,

and stratified according to baseline homeostasis model assessment of β‐cell function (HOMA‐β)

index levels, high HOMA‐β: > median HOMA‐β (28.49%); low HOMA‐β: ≤ median.

Results: The matched “low” and “high” HOMA‐β index cohorts (N = 546 patients) had compa-

rable baseline parameters. Mean change from baseline in glycated haemoglobin (HbA1c) was

−0.85% and −0.94% for low and high HOMA‐β cohorts, respectively (P = .2607). Reductions from

baseline in fasting plasma glucose (FPG; −0.77 vs −1.04 mmol/L; P = .1496) and postprandial

plasma glucose (PPG; −5.82 vs −5.61 mmol/L; P = .7511) were similar in the low versus high

HOMA‐β index cohorts. Reduction in body weight was significantly greater in the low versus high

HOMA‐β index cohort (–2.06 vs –1.13 kg, respectively; P = .0006).

Conclusions: In patients withT2DM, lixisenatide was associated with reduction in HbA1c and

improvements in both FPG and PPG, regardless of β‐cell function, indicating that lixisenatide is

effective in reducing hyperglycaemia, even in patients with more advanced stages of T2DM

and poor residual β‐cell function.
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1 | INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a progressive disease characterized

by both disrupted glucose and lipid metabolism, and by

hyperglycaemia, which leads to vascular complications and a variety

of clinical comorbidities, including myocardial infarction, stroke, blind-

ness, and kidney failure.1-4 Treatment of T2DM is aimed at reducing

hyperglycaemia, usually assessed by the level of glycated haemoglobin

(HbA1c) and requires intensification of therapy and additional
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interventions over time. Both fasting plasma glucose (FPG) and post-

prandial plasma glucose (PPG) affect overall HbA1c levels,
5 with PPG

having a greater impact than FPG in suboptimally controlled patients

with T2DM with comparatively low levels of HbA1c.
6 As the disease

progresses, β‐cell mass is reduced7 and β‐cell function deteriorates,

mirroring the observed increase in FPG levels.8 Thus, the use of oral

antidiabetic drugs (OADs) and adjunctive therapies, such as injectable

Glucagon‐like peptide‐1 (GLP‐1) receptor agonists (RAs) or dipeptidyl

peptidase‐4 (DPP‐4) inhibitors, may become insufficient to maintain
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normoglycaemia and an insulin regimen must be initiated. Guidelines

from the American Diabetes Association/European Association for

the Study of Diabetes recommend that insulin therapy begins with

once‐daily injection of a long‐acting basal insulin, such as insulin

glargine, to regulate FPG levels.9-12

GLP‐1 RAs mimic the activity of GLP‐1 while being resistant to

degradation by DPP‐4, leading to prolonged activity compared with

endogenous GLP‐1. Prandial (or short‐acting) and long‐acting GLP‐1

RAs have been defined based on their pharmacokinetic, pharmacody-

namic, and mechanistic differences. While prandial GLP‐1 RAs exert

glycaemic benefits through their effects on both slowing of gastric

emptying and the incretin pathway, it is the former that has a profound

impact on PPG.13 Long‐acting GLP‐1 RAs exert their glycaemic effects

primarily through stimulation of insulin secretion and reduction in glu-

cagon levels and, as such, have a dominant effect on FPG.13 The stim-

ulation of insulin release from pancreatic β cells and reduction of

glucagon levels brought about by GLP‐1 RAs are both glucose depen-

dent.14 Currently, it remains unclear whether the degree of loss of β‐

cell function affects the efficacy of these agents. The present analysis

was designed to investigate the influence of residual β cell function on

the efficacy of a prandial GLP‐1 RA and, to our knowledge, is the first

of its kind on an agent of this class.

Lixisenatide (Lyxumia®, Sanofi, Paris, France) is a once‐daily GLP‐1

RA indicated for the treatment of patients with T2DM and was first

approved in the European Union in 2013. In the GetGoal programme

of randomized phase III clinical trials, lixisenatide compared with pla-

cebo significantly improved HbA1c levels and significantly reduced

PPG in patients with T2DM.15-20 In other studies, lixisenatide brought

about significantly greater improvements in PPG than liraglutide, a

long‐acting GLP‐1 RA, but showed more limited effects on FPG.21,22

Nevertheless, significant improvements in FPG were seen in the

GetGoal trials in which lixisenatide was used as monotherapy or added

to existing OAD treatment.15,16,23,24 Pharmacological studies have

demonstrated that, although lixisenatide acts through multiple mecha-

nisms, the marked reduction in PPG excursions associated with

lixisenatide is largely caused by slowing of gastric emptying.25 Further-

more, in vivo preclinical studies have shown that the extent of inhibition

of gastric emptying with lixisenatide is so great that the reduction in

PPG concentrations is associated with a reduction rather than an

increase in plasma insulin.26 This indicates that lixisenatide acts through

a pathway independent of islet function, resulting in a marked allevia-

tion of the prandial β‐cell secretory burden.27 The weight of evidence

in the trials described above suggests that lixisenatide should be effica-

cious even in patients with markedly reduced residual β‐cell function.

The homeostasis model assessment of β‐cell function (HOMA‐β)28

is a widely used clinical and epidemiological tool for the assessment of

β‐cell function using FPG and insulin (or C‐peptide) concentrations,

with a higher HOMA‐β index value representing better β‐cell function.

The HOMA‐β has been validated against several other more sophisti-

cated methods for the assessment of β‐cell function, including the

hyperglycaemic clamp, the acute insulin response (following an intra-

venous glucose tolerance test), and the continuous infusion glucose

model assessment.28-32

To investigate the hypothesis that residual β‐cell function is not a

major determinant of the efficacy of lixisenatide, this post hoc analysis
evaluated the efficacy (and safety) of lixisenatide according to patients'

baseline β‐cell function, as determined by HOMA‐β index, using

pooled data from 3 studies in the GetGoal clinical trial programme.
2 | SUBJECTS AND METHODS

2.1 | Study design

This was a descriptive, post hoc analysis of individual patient data

extracted from the intent‐to‐treat populations of 3 randomized, dou-

ble‐blind, placebo‐controlled, multicentre, 24‐week GetGoal trials that

evaluated the efficacy and safety of adding lixisenatide to OAD treat-

ment in patients with T2DM. GetGoal‐M (NCT00712673), GetGoal‐P

(NCT00763815), and GetGoal‐S (NCT00713830)15,20,23 assessed

lixisenatide as add‐on therapy to OADs in patients inadequately con-

trolled with metformin, pioglitazone (with or without metformin), or

sulphonylureas (with or without concomitant metformin), respectively.

These 3 trials were chosen for inclusion in this analysis because they

were the studies in the GetGoal programme in which plasma insulin

levels were assessed. The present analysis included all patients in the

intent‐to‐treat populationwho had been randomized to the lixisenatide

treatment arms of these 3 studies with baseline and endpoint visit

HbA1c measurements, and baseline and endpoint values for HOMA‐β

index. Patients were stratified into 2 cohorts according to their

HOMA‐β index value at baseline relative to the median value

(28.49%). Those in the “low”HOMA‐β index cohort had an index value-

median HOMA‐β index of all eligible patients, while those in the “high”

HOMA‐β index group had an index value > median HOMA‐β index.

HOMA‐β index values were calculated as 20 × fasting plasma insulin

[μU/mL])/ FPG [mmol/L] –3.5. For the 3 studies included in this analy-

sis, the trial protocols complied with the recommendations of the Dec-

laration of Helsinki and were approved by independent ethics

committees and institutional review boards. The protocols also com-

plied with the laws and regulations, as well as any applicable guidelines,

of the countries where the studies were conducted.
2.2 | Endpoints assessed

Key efficacy endpoints included the mean change from baseline to

endpoint in HbA1c, PPG, glucose excursion, FPG, body weight, body

mass index (BMI), and HOMA‐β index, and the proportion of patients

achieving a treatment target of HbA1c < 7%, achieving a FPG treat-

ment target of <6.11 mmol/L, and switching HOMA‐β index group

between baseline and endpoint.

To assess the change in PPG and glucose excursion in GetGoal‐M

and ‐S,15,20 a standardized breakfast meal challenge test consisting of a

600‐kcal liquid meal (400 mL of Ensure Plus®, Abbott Nutrition,

Columbus, OH, USA; composed of 53.8% carbohydrate, 16.7%

protein, and 29.5% fat) was performed 30 minutes after drug adminis-

tration at baseline and at Week 24. Glucose excursion was calculated

as 2‐hour PPG minus plasma glucose levels 30 minutes prior to the

meal test before lixisenatide administration.

Safety endpoints included symptomatic hypoglycaemia, defined as

symptoms of hypoglycaemia with an accompanying plasma glucose

level of <3.33 mmol/L or prompt recovery with oral carbohydrate or
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glucagon administration, and severe hypoglycaemia, defined as an

event requiring assistance of another person due to acute neurological

impairment directly resulting from the hypoglycaemic event, with a

plasma glucose level of <2.00 mmol/L or prompt recovery following

carbohydrate or glucagon administration.

Composite endpoints were endpoint HbA1c levels of <7% with no

symptomatic hypoglycaemia; endpoint HbA1c levels of <7% with no

severe hypoglycaemia; endpoint HbA1c levels of <7% with no weight

gain (defined as a change in weight from baseline to endpoint of

≤0 kg); endpoint HbA1c levels of <7%, no weight gain and no symptom-

atic hypoglycaemia; and endpoint HbA1c levels of <7%, no weight gain

and no severe hypoglycaemia.
2.2.1 | Statistical analysis

A multivariable logistic regression model was used to assess the main

variables affecting the probability of patients having high versus low

HOMA‐β index scores. The high versus low HOMA‐β index status

was the dependent variable, and age, sex, baseline BMI, duration of

diabetes, baseline HbA1c, baseline FPG, and sulphonylurea usage sta-

tus were the independent variables. The propensity scores, evaluated

as the probabilities from the logistic regression model, were then

matched between patients with high versus low HOMA‐β index

scores, resulting in a population matched for the independent vari-

ables. Thereafter, study endpoints were assessed with these matched

study cohorts. Additionally, the same analyses of study endpoints were

also performed on the original, unmatched cohort.

In the unmatched cohort, the multivariable logistic regression anal-

ysis was also used to determine independent predictors of baseline

HOMA‐β scores. Furthermore, a Pearson correlation analysis was per-

formed on the unmatched population to assess HOMA‐β index at

baseline versus clinical and demographic features.
TABLE 1 Patient demographics and baseline characteristics of the matche

Characteristic Low HOMA‐β Index (n = 273

HOMA‐β score 18.5 (6.0)

Age, years 55.7 (9.6)

Sex, male/female, % 52.8/47.3

Race, %

Asian 15.4

Black/African American 3.3

White 77.7

Other 3.7

BMI, kg/m2 31.8 (6.1)

Known diabetes duration, years 6.9 (4.4)

Duration of OAD therapy, years 4.0 (3.5)

Metformin at baseline, % 88.6

Sulphonylurea at baseline, % 18.3

HbA1c, % 8.1 (0.8)

PPG, mmol/L 16.9 (3.9)

Glucose excursion, mmol/L 7.0 (3.4)

FPG, mmol/L 9.2 (1.7)

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1c, gly
β‐cell function; OAD, oral antidiabetic drug; PPG, postprandial plasma glucose;

Data are mean (SD) unless stated otherwise.
Baseline demographics, clinical characteristics, and efficacy and

safety outcomes were evaluated according to HOMA‐β index cohort.

Outcomes for HOMA‐β index cohorts were compared with one

another, with P values calculated using a chi‐square test for categorical

variables or analysis of variance for continuous variables. Paired t tests

were used to compare baseline and endpoint continuous measure-

ments among patients within each cohort, with a P value of .05 used

to determine the level of statistical significance.
3 | RESULTS

3.1 | Baseline characteristics

Of the 980 patients with T2DM treated with lixisenatide in the 3

GetGoal clinical trials who met the inclusion criteria, a total of 546

patients were included in the propensity score‐matched population,

273 in each cohort (please refer to the Statistical analysis section for

details on how the propensity score matching was done). Baseline

characteristics were comparable across the high versus low HOMA‐β

index cohorts, with the exception of PPG and glucose excursion, which

were not matched in the analysis and were thus higher in the low ver-

sus high HOMA‐β index cohort (Table 1). Baseline characteristics of

the unmatched cohort are shown in Table S1.

A multivariate regression analysis of the unmatched data identified

both BMI and duration of diabetes as independent predictors of

HOMA‐β index category at baseline (Table 2). FPG and HbA1c at base-

line were also identified as predictors of HOMA‐β values, although this

was to be expected as FPG is involved in the calculation of HOMA‐β

and contributes to overall HbA1c levels. Interestingly, while the use of

a sulphonylurea was not found to be a predictor of baseline HOMA‐β

index cohort, the P value showed a trend towards significance.
d population

) High HOMA‐β Index (n = 273) P Value

54.3 (71.2) <.0001

55.8 (9.7) .8453

54.2/45.8 .7314

.3087

12.8

3.3

82.4

1.5

32.4 (5.7) .2102

7.4 (5.3) .2460

4.6 (4.5) .0899

91.6 .2514

22.7 .2034

8.1 (0.9) .8308

15.3 (3.7) .0012

6.1 (3.1) .0352

9.3 (2.0) .3910

cated haemoglobin; HOMA‐β, homeostasis model assessment of residual
SD, standard deviation.



TABLE 2 Predictors of high versus low baseline HOMA‐β index among study patients treated with lixisenatide in the unmatched population

Parameters Odds Ratio Lower Limit Upper Limit P Value*

Age, years 0.993 0.977 1.010 .4274

Sex, female vs male 1.250 0.932 1.676 .1364

Baseline BMI, kg/m2 1.147 1.114 1.182 <.0001

Duration of diabetes, years 0.956 0.929 0.985 .0031

Baseline HbA1c, % 0.799 0.655 0.975 .0270

Baseline FPG, mmol/L 0.983 0.978 0.988 <.0001

Other vs white 0.434 0.176 1.068 .1284

Black or African American vs white 0.925 0.420 2.035 .5025

Asian vs white 0.772 0.465 1.282 .8828

Baseline sulphonylurea usage: Yes vs no 0.672 0.452 1.000 .0502

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HOMA‐β, homeostasis model assessment of residual
β‐cell function.

Bolded values reached statistical significance (P < .05).

*P value derived from maximum likelihood estimates.
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3.2 | Efficacy endpoints

Reductions from baseline in HbA1c were −0.94% and −0.85% for the

high and low HOMA‐β index cohorts, respectively (Figure 1). The dif-

ference in change from baseline in HbA1c between the cohorts was

not statistically significant (P = .2607). A similar proportion of patients

in each cohort achieved an endpoint HbA1c < 7% (45.79% and 43.59%

of patients in the high versus low HOMA‐β index cohorts, respectively;

P = .6055).

Similar mean reductions from baseline were observed in the high

and low HOMA‐β index cohorts in both PPG (P = .7511; Figure 2A)

and glucose excursion (P = .9592; Figure 2B), despite a difference in

baseline PPG, which was not accounted for in the propensity score‐

matching analysis.

Reductions from baseline in FPG of –1.04 and –0.77 mmol/L were

observed for the high and low HOMA‐β index cohorts, respectively

(Figure 2C). The change from baseline in FPG did not differ signifi-

cantly between cohorts (P = .1496). A greater proportion of patients

in the high HOMA‐β index cohort achieved the FPG treatment target
FIGURE 1 Mean change in HbA1c with lixisenatide by HOMA‐β index
in the matched cohort. HbA1c, glycated haemoglobin; HOMA‐β,
homeostasis model assessment of residual β‐cell function
of <6.11 mmol/L: 15.75% versus 9.89% in the high and low HOMA‐β

index cohorts, respectively (P = .0405).

Although both mean weight and BMI were comparable across

the 2 cohorts at baseline, the change was smaller in the high

HOMA‐β index cohort than that in the low HOMA‐β index cohort

(weight: –1.13 vs –2.06 kg, respectively; P = .0006; BMI: –0.41 vs

–0.77 kg/m2, respectively; P = .0004).

HOMA‐β index scores increased in both cohorts over the study

period. HOMA‐β index scores increased above the cut‐off value in

34.07% (93/273) of patients in the low HOMA‐β index cohort, and

decreased below the cut‐off in 12.45% (34/273) of patients in the high

HOMA‐β index cohort.

Efficacy endpoints for the unmatched cohorts are shown in

Table S2.
3.3 | Pearson correlation analysis

The Pearson correlation analysis of the unmatched cohort showed that

HOMA‐β index at baseline correlated strongly with change in

HOMA‐β index over the treatment period (Table S3). HOMA‐β index

at baseline also showed a strong negative correlation with age, and a

moderate positive correlation with HOMA‐β index at study end.
3.4 | Safety endpoints

An equal proportion of patients in the high versus low HOMA‐β index

cohorts experienced symptomatic hypoglycaemia (5.49% vs 5.13%,

respectively; P = .8487). There were no events of severe

hypoglycaemia reported in either study cohort.
3.5 | Composite endpoints

There were no statistically significant differences between the study

cohorts in achieving the composite endpoints of HbA1c < 7% with no

symptomatic hypoglycaemia, HbA1c < 7% with no weight gain and

HbA1c < 7% with no weight gain and no symptomatic hypoglycaemia

(Table 3). Composite endpoints for the unmatched population are

shown in Table S4.



FIGURE 2 Mean change in, A, PPG; B, glucose excursion; and C, FPG
with lixisenatide by HOMA‐β index in the matched cohort. FPG,

fasting plasma glucose; HOMA‐β, homeostasis model assessment of
residual β‐cell function; PPG, postprandial plasma glucose. *n = 96 for
baseline and change from baseline measurements
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4 | DISCUSSION

This study of patients with T2DM inadequately controlled by OADs

suggests that lixisenatide can lower HbA1c levels regardless of residual

β‐cell function, as assessed by HOMA‐β index, ie, that treatment with

lixisenatide is effective at reducing hyperglycaemia, even in the more

advanced stages of T2DM when β‐cell function is markedly
diminished. Low β‐cell function at baseline (as assessed by HOMA‐β

index) was associated with older age, a lower BMI, longer known dura-

tion of diabetes, and longer duration of OAD treatment. These data are

supported by the typical subphenotypes and natural history of T2DM.

For instance, obese patients are characterized by more severe insulin

resistance33 and, as a result, their critical β‐cell function threshold to

develop diabetes is higher than that of nonobese patients.34 Further-

more, β‐cell mass has been shown to gradually decline with age in both

diabetic and nondiabetic individuals, thereby accounting, at least in

part, for the well‐established role of age as a risk factor of T2DM.7

Additionally, the same study showed that β‐cell mass also declines

with diabetes duration.7 Other studies have shown that the functional

impairment of β‐cells often significantly exceeds the deficit in β‐cell

mass, as the secretory burden for the remaining β‐cells is increased

by 100% if their overall mass is reduced by just 50%.35-37

Recent studies indicate that propensity score matching is an effec-

tive tool for comparing treatment regimens in those with diabetes and

can decrease treatment selection bias between groups.38,39 The use of

the propensity score‐matching technique was a major strength of this

analysis because there were several differences in baseline character-

istics between patients in the high and low HOMA‐β index cohorts

that may have influenced the effect of lixisenatide treatment. By using

propensity score matching, we were able to reduce the bias caused by

these potential confounding factors. Thus, baseline HbA1c, FPG, BMI,

duration of diabetes, and sulphonylurea use were accounted for in

the matched population and were similar between cohorts. As a result,

reductions from baseline for both HbA1c and FPG were comparable

between high versus low HOMA‐β index cohorts, and there was no

difference between them in the proportion of patients achieving

HbA1c < 7%. However, despite comparable baseline and endpoint

FPG, higher proportions of patients in the high versus low HOMA‐β

index‐matched cohorts achieved FPG treatment targets. Furthermore,

in the matched population, baseline PPG and glucose excursions were

greater for the low versus high HOMA‐β index cohort. Nevertheless,

comparable reductions from baseline in both of these parameters were

seen between cohorts.

On the whole, these data strongly suggest that lixisenatide confers

glycaemic control in HbA1c targets and reductions in hyperglycaemia,

particularly PPG, irrespective of β‐cell function. However, the FPG

results are compatible with some impact of β‐cell function in modulat-

ing the action of lixisenatide on fasting glycaemia, with other mecha-

nisms, ie, glucagon inhibition, also potentially involved. Furthermore,

as HOMA‐β is essentially a static index of β‐cell function in the fasting

state, it is reasonable that within the cohort with better fasting β‐cell

function, a greater number of patients achieved a FPG lower than

6.1 mmol/L. However, lixisenatide is expected to act predominantly

through control of PPG, mediated primarily through its role in delaying

gastric emptying (which is not necessarily affected by β‐cell function)

and in suppressing glucagon secretion,25 and to have a lesser effect

on FPG. Indeed, these expectations are supported by the marked

reductions in PPG observed in this pooled analysis, which are in line

with previous reports15-20,24 and with the classification of lixisenatide

as a prandial GLP‐1 RA. Fasting plasma glucose also decreased, but

to a lesser extent than PPG, as expected and consistent with previous

studies.15,16,23,24 Finally, although not assessed in the present study, it



TABLE 3 Composite endpoints of study cohorts treated with lixisenatide in the matched population

Composite endpoint

Low HOMA‐β Index (n = 273) High HOMA‐β Index (n = 273)
P

Valuen % n %

HbA1c < 7% and no symptomatic hypoglycaemia 112 41.03 116 42.49 .7285

HbA1c < 7% and no weight gain 99 36.26 89 32.60 .3678

HbA1c < 7% no weight gain and no symptomatic hypoglycaemia 92 33.70 82 30.04 .3584

Abbreviations: HbA1c, glycated haemoglobin; HOMA‐β, homeostasis model assessment of residual β‐cell function.
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is expected that lixisenatide will have reduced the total amount of

insulin secreted in the fed state25 and, as a result, the “workload” of

β cells. This may have potential long‐term benefits with respect to

the preservation of β‐cell function. Hence, we speculate that part of

the observed reduction in hyperglycaemia in this analysis may be the

result of improved overall β‐cell function brought about by lixisenatide.

While findings from the unmatched population suggested that

changes in weight and BMI were not different between the study

cohorts, the propensity score‐matched analysis found that patients in

the low HOMA‐β index cohort experienced significantly greater

changes in both parameters, despite them being comparable at base-

line. Interestingly, although these changes in weight and BMI in the

matched analysis were statistically significant, the absolute difference

between the study cohorts was modest and, hence, of questionable

clinical relevance.

There were no significant differences between cohorts of the

composite endpoints. This indicates that lixisenatide can improve

glycaemic control irrespective of β‐cell function, with neither of the

cohorts being more at risk of hypoglycaemia or weight gain, and fur-

ther strengthens the rationale for the use of lixisenatide, even in

patients with poor residual β‐cell function.

Mean HOMA‐β levels in both cohorts increased over the course of

the 24‐week study, with 34.07% of patients in the low HOMA‐β index

cohort increasing their score above the original cutoff for inclusion into

the high HOMA‐β index cohort. This finding strongly suggests that

HOMA‐β function is improved with lixisenatide treatment. The relative

roles played by the direct effects of lixisenatide on β cells or the relief

of glucose toxicity in improving β‐cell function cannot be determined

with our experimental design. However, previous research27 has

shown that the delay of gastric emptying brought about by exogenous

GLP‐1 limits the rate and extent of PPG presented to β cells, leading to

“β‐cell rest” and the partial recovery of β cells and the endogenous

insulin response. This effect is also evident when incretin therapies

are combined with basal insulin.40 In this scenario, the presence of

exogenous insulin supplements endogenous insulin production, pro-

moting β‐cell rest. Improvements in HOMA‐β index scores have also

been seen with other GLP‐1 RAs,41,42 DPP‐4 inhibitors,43 and some

meglitinides.44 In the UK Prospective Diabetes Study, an increase in

β‐cell function was seen at 1 year in patients receiving sulphonylureas,

although this increase was not maintained over subsequent years.45

Baseline HOMA‐β levels in the present study were comparable with

those seen in UK Prospective Diabetes Study, where 6 years after

diagnosis and initiation of treatment the mean HOMA‐β index score

were 28%.45 Consistency of treatment effect regardless of β‐cell func-

tion has also been observed previously for DPP‐4 inhibitors.46 A recent

study has identified both C‐peptide and islet autoantibodies as
potential biomarkers that could allow patients with a good predicted

response to GLP‐1 RA therapy to be selected for treatment based on

their β‐cell function.47

A limitation of this study is that there was no placebo comparator

arm, as patient data were extracted from the single lixisenatide arms of

3 clinical trials. Furthermore, these trials were conducted in several

countries, at various times, and with different background oral thera-

pies. Although a slight increase in β‐cell function was observed

between baseline and endpoint in this analysis, the 6‐month duration

of the studies included was insufficient to determine whether

lixisenatide is clearly associated with a beneficial effect on β‐cell func-

tion. Longer studies would be needed to explore this further. Addition-

ally, as lixisenatide exerts its effects predominantly on PPG, it would be

of interest to investigate the correlation between changes in HbA1c

and PPG/FPG according to β‐cell function and in patients being

treated with lixisenatide in general. The HOMA‐β index is only an

approximate measure of β‐cell function but is nevertheless clinically

useful.48 A further consideration is that the analyses presented here

were conducted using the original HOMA1 model, even though this

has been improved and a newer HOMA2 model is available,49 because

it is simpler and facilitates comparison with existing literature.

While different oral agents (metformin, pioglitazone, or

sulphonylureas) were used in the 3 studies included in this analysis,

the real‐life, double‐blind, randomized multicentre A Diabetes Out-

comes Progression Trial has also successfully used HOMA, albeit

HOMA2, to compare the effects of thiazolidinediones, metformin,

and sulphonylureas on long‐term glycaemic control and β‐cell

function.50

Our findings indicate that treatment with once‐daily lixisenatide is

effective in reducing hyperglycaemia, is well tolerated and associated

with weight loss, even when β‐cell function is low, and highlights the

importance of the non–β‐cell‐mediated actions of lixisenatide in

improving glycaemic control.
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