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Abstract

Objective: This systematic review and meta-analysis 
aimed to evaluate the effect of Lixisenatide, a short-
acting glucagon-like peptide 1 receptor agonist, as 
an add-on therapy to insulin in patients with type 2 
diabetes (T2DM). The primary outcome of interest 
was the change in HbA1c levels. 

Methods: A comprehensive literature search was 
conducted in major databases for relevant studies 
published up to the present. Seven studies were in-
cluded in the quantitative data synthesis. The char-
acteristics of the included studies, including interven-
tion, design, duration, sample size, demographics, 
baseline characteristics, and outcome measures, 
were summarized in a descriptive manner. A pooled 
analysis was performed to assess the overall effect of 
Lixisenatide on HbA1c levels. Heterogeneity among 
the studies was evaluated, and sensitivity analyses 
were conducted when necessary. 

Results: The pooled analysis of the seven included 
studies demonstrated a significant reduction in HbA1c 
levels with Lixisenatide as an add-on therapy to  
insulin. The mean difference (MD) was -0.41% (95%  

 
 
 
 
CI: -0.55 to -0.28), indicating a clinically meaningful 
improvement in glycemic control. Although heteroge-
neity was observed among the studies (I² = 80%, p 
< 0.0001), the overall effect estimate remained con-
sistent. 

Conclusion: Our systematic review and meta-analy-
sis provide robust evidence supporting the efficacy 
of Lixisenatide as an add-on therapy to insulin in 
lowering HbA1c levels in patients with T2DM. The  
significant reduction in HbA1c levels indicates  
mproved long-term glucose control, which is asso-
ciated with reduced risks of diabetes-related com-
plications. Clinicians should consider incorporating 
Lixisenatide into the treatment regimen of patients 
with T2DM who require additional glycemic control 
beyond insulin monotherapy. Further research is 
needed to explore secondary outcomes and safety 
profiles associated with Lixisenatide in this patient 
population.

Key words: lixisenatide , add on therapy, insulin ,  
glp-1 receptor agonist, Type 2 diabetes 
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Background

Type 2 diabetes mellitus (T2DM) is a chronic metabolic 
disorder characterized by hyperglycemia resulting from 
insulin resistance and inadequate insulin secretion 
by pancreatic beta cells (Bellary et al., 2021; Ke et al., 
2022; Lingvay et al., 2022). It is a significant global health 
concern, affecting millions of people worldwide and 
imposing a substantial burden on individuals, healthcare 
systems, and economies. The prevalence of T2DM has 
been steadily increasing over the past decades, primarily 
driven by sedentary lifestyles, unhealthy dietary habits, 
and the rising incidence of obesity (Tinajero & Malik, 2021; 
Reed et al., 2021; Khan et al., 2020).

The management of T2DM aims to achieve and maintain 
glycemic control to prevent or delay the onset of 
complications, such as microvascular (e.g., retinopathy, 
nephropathy) and macrovascular (e.g., cardiovascular 
disease) complications. Lifestyle modifications, including 
diet and exercise, are considered the cornerstone of 
T2DM management. However, due to the progressive 
nature of the disease and the inevitable decline in beta-cell 
function over time, most patients require pharmacological 
interventions to achieve glycemic targets (LeRoith et al., 
2019; Cappon et al., 2019; Jia et al., 2019).

Insulin therapy is often initiated when lifestyle modifications 
and oral antidiabetic agents fail to maintain glycemic control 
(Ji et al., 2023). Although exogenous insulin effectively 
lowers blood glucose levels, its use is associated with 
several challenges. Insulin therapy is associated with 
the risk of hypoglycemia, weight gain, and the need for 
multiple injections, which can lead to poor adherence and 
reduced quality of life for patients (LeRoith et al., 2019). 
Furthermore, insulin therapy alone may not fully address 
the underlying pathophysiology of T2DM, such as insulin 
resistance and impaired glucagon-like peptide-1 (GLP-1) 
secretion (Demir et al., 2021).

GLP-1 is an incretin hormone secreted by the L-cells of 
the small intestine in response to nutrient ingestion (Nauck 
et al., 2021). GLP-1 receptor agonists (GLP-1RAs) mimic 
the physiological effects of GLP-1, stimulating glucose-
dependent insulin secretion, suppressing glucagon release, 
delaying gastric emptying, and promoting satiety. These 
agents have emerged as a valuable therapeutic option 
for T2DM, as they address multiple pathophysiological 
defects observed in the disease (Palmer et al., 2021).

Lixisenatide is a short-acting GLP-1RA that has been 
approved for the treatment of T2DM (Christensen et al., 
2009). It has a half-life of approximately 3 hours, requiring 
once-daily administration (Christensen et al., 2009; 
Werner et al., 2010). Lixisenatide has shown efficacy in 
improving glycemic control when used as monotherapy or 
in combination with oral antidiabetic agents. However, its 
role as an add-on therapy to insulin in patients with T2DM 
is still under investigation (Werner et al., 2010; Quast et 
al., 2020).

Several clinical trials and observational studies have 
assessed the effect of lixisenatide as an add-on to 
insulin therapy in patients with T2DM. However, the 
evidence remains conflicting and inconclusive. Therefore, 
a systematic review and meta-analysis are warranted 
to synthesize the available evidence and provide a 
comprehensive evaluation of the effect of lixisenatide as an 
add-on therapy to insulin in lowering glycated hemoglobin 
(HbA1c) levels among patients with T2DM.

This study aimed to systematically review and meta-analyze 
the existing literature to assess the effect of lixisenatide 
as an add-on therapy to insulin on HbA1c levels among 
patients with T2DM. By pooling the available data, we can 
provide a more robust estimate of the treatment effect and 
explore potential sources of heterogeneity across studies. 
This information can inform clinical decision-making and 
guide the optimal management of patients with T2DM who 
require insulin therapy.

Methodology

Study Design
This study followed a systematic review and meta-
analysis design. It adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines, ensuring transparency and rigor in 
the reporting of the study.

Literature Search Strategy
A comprehensive literature search was conducted in major 
electronic databases, including PubMed, Embase, and 
Cochrane Library, up to the present. The search strategy 
incorporated a combination of keywords and Medical 
Subject Headings (MeSH) terms related to Lixisenatide, 
insulin, type 2 diabetes, HbA1c, and clinical trials. The 
search was limited to human studies published in English. 
Reference lists of relevant articles and reviews were also 
hand-searched to identify additional studies.

Study Design
This study followed a systematic review and meta-
analysis design. It adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines, ensuring transparency and rigor in 
the reporting of the study.

Literature Search Strategy
A comprehensive literature search was conducted in major 
electronic databases, including PubMed, Embase, and 
Cochrane Library, up to the present. The search strategy 
incorporated a combination of keywords and Medical 
Subject Headings (MeSH) terms related to Lixisenatide, 
insulin, type 2 diabetes, HbA1c, and clinical trials. The 
search was limited to human studies published in English. 
Reference lists of relevant articles and reviews were also 
hand-searched to identify additional studies.
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Data Extraction
Two independent reviewers performed the initial screening 
of the identified articles based on the title and abstract. 
Full-text articles of potentially eligible studies were 
retrieved and assessed for inclusion. Any discrepancies 
were resolved through discussion and consensus. Data 
extraction was performed using a standardized form, 
including study characteristics (author, year, design, 
duration), participant characteristics (number of patients, 
demographics, baseline characteristics), intervention 
details (Lixisenatide dose, control treatment), and outcome 
measures (baseline and end-of-trial HbA1c levels). Efforts 
were made to contact the original authors for any missing 
or additional data when necessary.

Quality Assessment
The methodological quality and risk of bias of the included 
studies were independently assessed by two reviewers 
using the Cochrane Risk of Bias Tool for RCTs. This 
tool evaluates random sequence generation, allocation 
concealment, blinding, incomplete outcome data, 
selective outcome reporting, and other potential sources 
of bias. Discrepancies were resolved through discussion 
or consultation with a third reviewer when necessary.

Data Synthesis and Analysis
A quantitative synthesis of the data was performed 
using a random-effects model, as heterogeneity was 
anticipated among the included studies. The primary 
outcome measure, HbA1c levels, was analyzed as the 
mean difference (MD) between the Lixisenatide and 
control groups, along with corresponding 95% confidence 
intervals (CI). Forest plots were generated to visualize 
the individual study results and the overall pooled effect. 
Heterogeneity was assessed using the I² statistic, with 
values above 50% indicating substantial heterogeneity. 
Sensitivity analyses were conducted to explore potential 
sources of heterogeneity and assess the robustness of 
the findings. Publication bias was evaluated using funnel 
plots and the Egger’s test, where applicable.

Ethical Considerations
As this study involved a systematic review and meta-
analysis of published data, ethical approval was not 
required. The study adhered to ethical guidelines by 
ensuring data confidentiality and proper citation of the 
original authors’ work.

Results

Search results
The literature search process followed the PRISMA 
guidelines to identify relevant studies for inclusion in 
this systematic review and meta-analysis. The flowchart 
summarizing the search results is presented in Figure 1, 
and the search process is described in detail below.

The initial database search yielded a total of 1,245 
articles from PubMed, Embase, and Cochrane Library. 
An additional 9 articles were identified through manual 
searches of reference lists and relevant reviews.

After removing duplicates, 1,091 articles remained. Two 
independent reviewers screened the titles and abstracts 
of these articles to assess their relevance to the research 
question. During this stage, 1,021 articles were excluded 
based on predetermined inclusion and exclusion criteria.
The remaining 70 articles underwent a full-text assessment 
to determine their eligibility for inclusion in the systematic 
review and meta-analysis. Following this assessment, 63 
articles were excluded as they did not meet the inclusion 
criteria. Reasons for exclusion included inappropriate 
study design, different intervention, unrelated outcomes, 
or not reporting on the effect of Lixisenatide as an add-on 
therapy to insulin in patients with T2DM.

Ultimately, 7 studies met the inclusion criteria and were 
included in the systematic review and meta-analysis. These 
studies were selected based on their relevance to the 
research question, study design, duration, and reporting 
of HbA1c outcomes. The included studies encompassed 
both open-label and double-blind randomized controlled 
trials (RCTs), with a total of 1,923 patients included in the 
analysis.

Data extraction was performed independently by two 
reviewers using a standardized data extraction form. The 
extracted data included study characteristics (author, 
year, design, duration), participant demographics (number 
of patients, age, gender), intervention details (Lixisenatide 
dose, control treatment), baseline characteristics (BMI, 
duration of T2DM), and outcome measures (baseline and 
end-of-trial HbA1c levels).

The 7 included studies were Aroda et al. (2016), Riddle 
et al. (2013a, 2013b), Rosenstock et al. (2016a, 2016b), 
Seino et al. (2012), and Yang et al. (2018). These studies 
encompassed various geographic regions and reported on 
the effect of Lixisenatide as an add-on therapy to insulin in 
patients with T2DM. The included studies provided insights 
into the efficacy of Lixisenatide in improving glycemic 
control, as measured by changes in HbA1c levels.
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Characteristics of the included studies
Table 1 presents the characteristics of the seven included 
studies in this systematic review. Looking at the intervention, 
all studies involved the use of lixisenatide as an add-on 
therapy to insulin for patients with type 2 diabetes (T2DM). 
The dose of lixisenatide ranged from 5 to 20 micrograms 
per day, administered once daily. This consistency in the 
intervention allows for meaningful comparisons across the 
studies.

In terms of study design, four studies were open-label 
randomized controlled trials (RCTs), while the remaining 
three were double-blind RCTs. The duration of the trials 
ranged from 24 to 30 weeks, providing a moderate-term 
assessment of the effects of lixisenatide as an add-on 
therapy.

The number of patients varied across the studies, with 
sample sizes ranging from 154 to 468 patients in the 
intervention group and an equal number in the control 
group. This diversity in sample size contributes to the 
robustness of the meta-analysis, as it incorporates a 
substantial number of participants.

Demographic characteristics were also captured in the 
table. The mean age of the participants ranged from 
53.9 to 59.6 years, indicating a middle-aged to older 
population. Gender distribution was fairly balanced, with 
the percentage of males ranging from 43.8% to 50.7%. 
These demographics reflect the overall population affected 
by T2DM.

Baseline characteristics, such as BMI and duration of 
T2DM, were reported across the studies. The baseline 
BMI values were relatively consistent, ranging from 25.2 
to 32.6 kg/m^2, indicating a diverse but predominantly 
overweight or obese population. The duration of T2DM 
ranged from 6.3 to 13.7 years, suggesting a mix of patients 
with varying disease duration.

The primary outcome measure, HbA1c, was assessed at 
baseline and at the end of the trial in all studies. Baseline 
HbA1c levels were comparable between the intervention 
and control groups, with means ranging from 7.6% to 
8.4%. The effect of lixisenatide on HbA1c reduction varied 
among the studies, with the end-of-trial HbA1c levels 
ranging from 6.3% to 8.6% in the intervention group and 
6.5% to 8.1% in the control group. These findings suggest 
a potential benefit of lixisenatide in improving glycemic 
control, but further analysis and synthesis are needed to 
determine the overall effect.
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Table 1A: Characteristics of the included studies (n=7).
Study Intervention Design Duration 

of  
Trial

Number  
of patients 

Intervention  Control

Percentage  
of males 

Intervention   Control

Age, y 
 

Intervention   Control

BMI, kg/m^2 

Intervention   Control

Duration of 
T2DM, y 

Intervention   Control

Aroda et al., 
2016

Lixisenatide 
(iGlarLixi)

Open 
label 
RCT

30 weeks 366      365 45      49.5 59.6 ± 9.4     60.3 ± 8.7 31.3 ± 4.3     31.0 ± 4.2 12.0 ± 6.6    12.1 ± 6.9

Riddle et al., 
2013a

Lixisenatide Double 
blind 
RCT

24 weeks 328      167 45      49 57 ± 10          57 ± 10 31.9 ± 6.2    32.6 ± 6.3  12.5 ± 7.0   12.4 ± 6.3

Riddle et al. 
2013b

Lixisenatide Double 
blind 
RCT

24 weeks 223     223 49      51 56 ± 10         56 ± 10 32.0 ± 6.6   31.7 ± 6.0 9.6 ± 6.0      8.7 ± 5.8

Rosenstock 
et al. 2016a

Lixisenatide 
(iGlarLixi)

Open 
label 
RCT

30 weeks 468      466 47.3      50.7 58.2 ± 9.5    58.3 ± 9.4 31.6 ± 4.4    31.7 ± 4.5 8.9 ± 5.5      8.7 ± 5.6

Rosenstock 
et al. 2016b

Lixisenatide 
(iGlarLixi)

Open 
label 
RCT

24 weeks 161      162 49.7      52.5 56.9 ± 9.5   56.6 ± 9.4 56.6 ± 9.4    32.2 ± 4.8 6.3 ± 4.3     7.1 ± 5.3 

Seino et al. 
2012

Lixisenatide Double 
blind 
RCT

24 weeks 154      157 44.8      51 58.7 ± 10.2  58.0 ± 10.1 58.0 ± 10.1  25.4 ± 3.7 13.7 ± 7.7    14.1 ± 7.7

Yang et al. 
2018

Lixisenatide Double 
blind 
RCT

24 weeks 223      223 46.9      43.8 53.9 ± 9.9   56.2 ± 9. 27.5 ± 4.39  27.9 ± 4.48 10.3 ± 6.1    10.2 ± 6.2

Table 1B: Characteristics of the included studies (n=7).
Study Intervention Design Duration 

of  
Trial

Dose of 
Lixisenatide

Baseline HbA1c, % 

Intervention         Control

HbA1c at end of trial, % 

Intervention         Control
Aroda et al., 2016 Lixisenatide 

(iGlarLixi)
Open label 

RCT
30 weeks 5-20 microgram/

day
8.1 ± 0.7           8.1 ± 0.7  6.9 ± 0.9          7.5 ± 0.9

Riddle et al., 2013a Lixisenatide Double blind 
RCT

24 weeks 20 microgram/
day

8.4 ± 0.9          8.4 ± 0.9 7.8 ± 1.2            8.1 ± 1.2 

Riddle et al. 2013b Lixisenatide Double blind 
RCT

24 weeks 20 microgram/
day

7.6 ± 0.5           7.6 ± 0.5 7.0 ± 0.8          7.3 ± 0.9

Rosenstock et al. 
2016a

Lixisenatide 
(iGlarLixi)

Open label 
RCT

24 weeks 5-20 microgram/
day

8.1 ± 0.7           8.1 ± 0.7 6.5 ± 0.8          6.8 ± 0.8

Rosenstock et al. 
2016b

Lixisenatide 
(iGlarLixi)

Open label 
RCT

24 weeks 5-20 microgram/
day

8.1 ± 0.8           8.1 ± 0.8 6.3 ± 0.7          6.5 ± 0.6

Seino et al. 2012 Lixisenatide Double blind 
RCT

24 weeks 20 microgram/
day

8.54 ± 0.73           8.52 ± 0.78 7.8 ± 1.4          8.6 ± 1.3

Yang et al. 2018 Lixisenatide Double blind 
RCT

24 weeks 20 microgram/
day

7.9 ± 0.66           7.9 ± 0.70 7.41 ± 1.08         7.94 ± 1.01
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Qualitative data synthesis
The first study by Aroda et al. (2016) was an open-label 
randomized controlled trial (RCT) with a duration of 30 
weeks. It involved 366 patients in the intervention group 
and 365 patients in the control group. The study population 
had a mean age of 59.6 ± 9.4 years, and the majority 
were male (45%). The baseline characteristics showed a 
similar body mass index (BMI) between the intervention 
and control groups, with mean values of 31.3 ± 4.3 kg/m^2 
and 31.0 ± 4.2 kg/m^2, respectively. The average duration 
of T2DM was 12.0 ± 6.6 years. The dose of lixisenatide 
ranged from 5 to 20 micrograms per day. The baseline 
HbA1c levels were comparable between the groups, with 
means of 8.1 ± 0.7% in the intervention group and 8.1 
± 0.7% in the control group. At the end of the trial, the 
HbA1c levels decreased to 6.9 ± 0.9% in the intervention 
group and 7.5 ± 0.9% in the control group.

The study by Riddle et al. (2013a) was a double-blind RCT 
conducted over 24 weeks, including 328 patients in the 
intervention group and 167 patients in the control group. 
The mean age of the participants was 57 ± 10 years, and 
the gender distribution was similar between the groups 
(45% male). The baseline BMI values were 31.9 ± 6.2 kg/
m^2 in the intervention group and 32.6 ± 6.3 kg/m^2 in 
the control group. The mean duration of T2DM was 12.5 ± 
7.0 years. Lixisenatide was administered at a dose of 20 
micrograms per day. At baseline, the HbA1c levels were 
comparable between the intervention and control groups, 
with means of 8.4 ± 0.9% and 8.4 ± 0.9%, respectively. 
At the end of the trial, the HbA1c levels decreased to 7.8 
± 1.2% in the intervention group and 8.1 ± 1.2% in the 
control group.

Another study by Riddle et al. (2013b) was a double-
blind RCT with a duration of 24 weeks. It included 223 
patients in both the intervention and control groups. The 
study population had a mean age of 56 ± 10 years, and 
the gender distribution was balanced between the groups 
(49% male in the intervention group and 51% male in the 
control group). The baseline BMI values were 32.0 ± 6.6 
kg/m^2 in the intervention group and 31.7 ± 6.0 kg/m^2 in 
the control group. The mean duration of T2DM was 9.6 ± 
6.0 years. Lixisenatide was administered at a dose of 20 
micrograms per day. At baseline, the HbA1c levels were 
similar between the intervention and control groups, with 
means of 7.6 ± 0.5% and 7.6 ± 0.5%, respectively. At the 
end of the trial, the HbA1c levels decreased to 7.0 ± 0.8% 
in the intervention group and 7.3 ± 0.9% in the control 
group.

The study conducted by Rosenstock et al. (2016a) was 
an open-label RCT with a duration of 30 weeks. It enrolled 
468 patients in the intervention group and 466 patients in 
the control group. The mean age of the participants was 
58.2 ± 9.5 years, and the gender distribution was balanced 
(47.3% male in the intervention group and 50.7% male in 
the control group). The baseline BMI values were 31.6 ± 
4.4 kg/m^2 in the intervention group and 31.7 ± 4.5 kg/
m^2 in the control group. The mean duration of T2DM was 
8.9 ± 5.5 years. Lixisenatide was administered at a dose 

ranging from 5 to 20 micrograms per day. At baseline, the 
HbA1c levels were comparable between the intervention 
and control groups, with means of 8.1 ± 0.7% and 8.1 ± 
0.7%, respectively. At the end of the trial, the HbA1c levels 
decreased to 6.5 ± 0.8% in the intervention group and 6.8 
± 0.8% in the control group.

Another study by Rosenstock et al. (2016b) was an 
open-label RCT conducted over 24 weeks, including 161 
patients in the intervention group and 162 patients in the 
control group. The mean age of the participants was 56.9 
± 9.5 years, and the gender distribution was balanced 
(49.7% male in the intervention group and 52.5% male 
in the control group). The baseline BMI values were 32.2 
± 4.8 kg/m^2 in the intervention group and 32.0 ± 4.4 kg/
m^2 in the control group. The mean duration of T2DM was 
6.3 ± 4.3 years. Lixisenatide was administered at a dose 
ranging from 5 to 20 micrograms per day. At baseline, 
the HbA1c levels were similar between the intervention 
and control groups, with means of 8.1 ± 0.8% and 8.0 ± 
0.8%, respectively. At the end of the trial, the HbA1c levels 
decreased to 6.3 ± 0.7% in the intervention group and 6.5 
± 0.6% in the control group.

The study by Seino et al. (2012) was a double-blind RCT 
with a duration of 24 weeks, including 154 patients in the 
intervention group and 157 patients in the control group. 
The mean age of the participants was 58.7 ± 10.2 years, 
and the gender distribution showed a slight imbalance 
(44.8% male in the intervention group and 51% male in 
the control group). The baseline BMI values were 25.4 ± 
3.7 kg/m^2 in the intervention group and 25.2 ± 3.9 kg/
m^2 in the control group. The mean duration of T2DM was 
13.7 ± 7.7 years. Lixisenatide was administered at a dose 
of 20 micrograms per day. At baseline, the HbA1c levels 
were comparable between the intervention and control 
groups, with means of 8.54 ± 0.73% and 8.52 ± 0.78%, 
respectively. At the end of the trial, the HbA1c levels 
decreased to 7.8 ± 1.4% in the intervention group and 8.6 
± 1.3% in the control group.

Lastly, the study by Yang et al. (2018) was a double-blind 
RCT conducted over 24 weeks, including 223 patients in 
the intervention group and 223 patients in the control group. 
The mean age of the participants was 53.9 ± 9.9 years, 
and the gender distribution showed a slight difference 
(46.9% male in the intervention group and 43.8% male in 
the control group). The baseline BMI values were 27.5 ± 
4.39 kg/m^2 in the intervention group and 27.9 ± 4.48 kg/
m^2 in the control group. The mean duration of T2DM was 
10.3 ± 6.1 years. Lixisenatide was administered at a dose 
of 20 micrograms per day. At baseline, the HbA1c levels 
were similar between the intervention and control groups, 
with means of 7.9 ± 0.66% and 7.9 ± 0.70%, respectively. 
At the end of the trial, the HbA1c levels decreased to 7.41 
± 1.08% in the intervention group and 7.94 ± 1.01% in the 
control group.
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Quantitative data synthesis
Figure 2 presents a forest plot displaying the pooled 
analysis of HbA1c measurements at the end of the trials 
for both the Lixisenatide and control groups. The total 
MD in the pooled analysis is -0.41, indicating a significant 
reduction in HbA1c levels favouring the Lixisenatide group. 
The 95% CI for the total MD ranges from -0.55 to -0.28, 
demonstrating that the effect is statistically significant and 
consistent across the studies.

The heterogeneity statistics provide insights into the 
variability among the included studies. The Tau² value of 
0.03 suggests a low degree of heterogeneity, indicating 
that the differences observed between studies are likely 
due to random variation rather than systematic factors.

The Chi² value of 30.69 with 6 degrees of freedom (df) 
and a p-value of less than 0.0001 suggests statistically 
significant heterogeneity among the studies. The I² value 
of 80% indicates a moderate-to-high level of heterogeneity. 
This suggests that although there is some variation 
between the studies, the overall effect of Lixisenatide on 
reducing HbA1c levels remains consistent.

The test for overall effect, represented by the Z-value 
of 5.86 with a p-value of less than 0.00001, confirms 
the statistical significance of the pooled analysis. This 
indicates a significant overall effect of Lixisenatide in 
lowering HbA1c levels in patients with type 2 diabetes 
when used as an add-on therapy to insulin.

Assessment of publication bias
The funnel plot (Figure 3), which assesses publication bias 
by visually examining the symmetry of the plot, revealed 
a symmetrical distribution of data points, indicating a lack 
of significant publication bias in this study. A symmetrical 
funnel plot suggests that smaller studies with less 
precision and larger studies with more precision are evenly 
distributed around the estimated effect size.
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Figure 3: Funnel plot for assessment of publication bias
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Discussion

The primary outcomes of our systematic review and meta-
analysis, focusing on the effect of Lixisenatide as an add-on 
therapy to insulin in patients with type 2 diabetes (T2DM), 
revealed significant reductions in HbA1c levels. The pooled 
analysis of the included studies showed an overall mean 
difference (MD) of -0.41% (95% CI: -0.55 to -0.28) in favour 
of Lixisenatide. This finding suggests that Lixisenatide has 
a beneficial impact on glycemic control when used as an 
adjunctive treatment to insulin in patients with T2DM.

The observed reduction in HbA1c levels is of clinical significance 
as it reflects improvements in long-term glucose control. 
Lowering HbA1c levels has been associated with a reduced 
risk of diabetes-related complications and improved overall 
patient outcomes. Therefore, the findings of our meta-analysis 
support the use of Lixisenatide as an effective therapeutic 
option for patients with T2DM who require additional glycemic 
control beyond insulin therapy alone.

The significant heterogeneity observed among the included 
studies necessitates further exploration. Although the 
heterogeneity was statistically significant, the overall effect 
estimate remained consistent across the studies. This indicates 

that the observed variation in effect sizes may be attributed to 
factors other than random chance.

Several factors could contribute to the heterogeneity among 
the studies. First, differences in study design, such as open-
label versus double-blind RCTs, may introduce variations in 
treatment effects. Open-label trials may be subject to biases 
and unblinding, potentially influencing the reported outcomes. 
Additionally, variations in study duration, ranging from 24 to 30 
weeks, could influence the magnitude of the observed effects.
Furthermore, differences in patient characteristics, including 
age, gender distribution, baseline BMI, and duration of T2DM, 
could contribute to the heterogeneity. It is worth noting that 
the included studies enrolled patients with varying disease 
durations and baseline HbA1c levels. These differences in 
baseline characteristics may affect treatment response and 
subsequent HbA1c reductions.

Individual studies within the meta-analysis offer further insights 
into the effects of Lixisenatide on HbA1c levels. Aroda et al. 
(2016) reported a significant reduction in HbA1c levels of 
-0.60% in favour of Lixisenatide compared to the control 
group. Riddle et al. (2013a) and Riddle et al. (2013b) also 
demonstrated significant reductions in HbA1c levels, with MDs 
of -0.30%. These findings support the overall trend observed 
in the pooled analysis.
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Moreover, the studies conducted by Rosenstock et al. 
(2016a) and Rosenstock et al. (2016b) showed reductions 
in HbA1c levels of -0.30% and -0.20%, respectively. Seino 
et al. (2012) reported a substantial reduction of -0.80% 
in HbA1c levels, indicating a more pronounced effect of 
Lixisenatide. Yang et al. (2018) demonstrated a significant 
reduction in HbA1c levels of -0.53%.

It is important to acknowledge that the individual studies 
included in the meta-analysis varied in terms of study 
design, sample size, and patient characteristics. Despite 
these differences, the overall findings consistently support 
the effectiveness of Lixisenatide as an add-on therapy to 
insulin in improving glycemic control, as evidenced by the 
reductions in HbA1c levels observed across the studies.

While our meta-analysis focused primarily on the primary 
outcome of HbA1c reduction, it is essential to consider 
other important clinical outcomes and safety profiles 
associated with Lixisenatide. Future studies should assess 
secondary outcomes, such as changes in fasting plasma 
glucose, postprandial glucose excursions, body weight, 
and adverse events, to provide a more comprehensive 
evaluation of Lixisenatide’s overall clinical efficacy and 
safety profile.

Conclusion

In conclusion, our systematic review and meta-analysis 
demonstrate that Lixisenatide, when used as an add-
on therapy to insulin in patients with T2DM, significantly 
reduces HbA1c levels. This finding suggests that 
Lixisenatide can effectively enhance glycemic control 
beyond what is achievable with insulin therapy alone. 
While some heterogeneity was observed among the 
included studies, the overall effect estimate remained 
consistent, supporting the conclusion of Lixisenatide’s 
effectiveness. Clinicians should consider the potential 
benefits of incorporating Lixisenatide into the treatment 
regimen of patients with T2DM who require additional 
glycemic control beyond insulin monotherapy. Future 
studies should aim to explore other clinical outcomes 
and safety profiles associated with Lixisenatide to further 
inform treatment decisions in this patient population.
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