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Abstract
Glucagon-like peptide-1 receptor agonists (GLP-1RA) increase glucose-stimulated insulin secretion, 
suppress glucagon production, increase satiety, reduce food intake, improve insulin sensitivity, and 
reduce visceral fat. This study aims to compare the GLP-1RA and insulin combination or GLP-1RA 
added to background insulin therapy with other injectable therapies in patients with type-2 diabetes 
mellitus (T2DM). We searched for studies that compared GLP-1RA and insulin combination with 
other injectable therapies in T2DM patients for HbA1c (%) change, achieving HbA1c <7% at study 
end, hypoglycemia incidence, and weight change. The following intervention groups were analyzed: 
the combination of basal insulin and GLP-1RA, basal-plus/basal-bolus, and placebo/insulin intensi-
fication (insulin up-titration)/GLP-1RA. A total of 48 studies were included. Insulin and GLP-1RA 
combination therapy reduced HbA1c more than placebo/insulin intensification (insulin up-titration)/
GLP-1RA (WMD -0.693, p <0.001) and basal-plus/basal-bolus (WMD -0.105, p =0.027). Insulin and 
GLP-1RA combination therapy significantly reduced body weight more than placebo/insulin intensi-
fication (insulin up-titration)/GLP-1RA (WMD -1.894, p <0.001) and basal-plus/basal-bolus (WMD 
-3.6, p =0.001). Patients on insulin and GLP-1RA combination therapy had a higher chance of achiev-
ing the HbA1c target than placebo/insulin intensification (insulin up-titration)/GLP-1RA arm (RR 
1.964, p <0.001), but not than basal-plus/basal-bolus arm (RR 1.037, 95% CI 0.971 to 1.103). Hypo-
glycemia rates were comparable between combination therapy and placebo/insulin intensification (in-
sulin up-titration)/GLP-1RA (RR 0.94, 95% 0.84 - 1.04), but statistically significant when compared 
to combination therapy and basal-plus/basal-bolus (RR 0.63, p <0.001). Our findings support using 
GLP-1RA in combination with insulin as a useful intensification approach for producing therapeutic 
improvement in T2DM therapy for individuals who have not reached their HbA1c goal. 

Review Article :
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Introduction

Type 2 diabetes mellitus (T2DM) is a 
chronic, progressive disorder that caus-
es long-term vascular consequences and 
death globally. Per the International Dia-
betes Federation’s most recent estimates, 
463 million individuals had diabetes in 
2019, with the figure expected to climb to 
700 million by 2045. 1–3

Because of the natural history of dia-
betes and the steady loss in β-cell activi-
ty, insulin often becomes necessary. Nev-
ertheless, insulin therapy is hampered by 
challenging factors such as hypoglycemia 
risk, weight gain, and the complexities of 
injectable therapy. 4 Approximately 25% of 
T2DM patients are now on insulin. 5,6 How-
ever, about one-half of T2DM patients who 
take insulin achieve optimal control of di-
abetes, and the number of individuals with 
HbA1c of 9% or more is rapidly rising. 5,7 

A recent consensus report documented that 
intensification approaches should be cus-
tomized based on the patient factors (such 
as glycated haemoglobin (HbA1c) and 
fasting plasma glucose (FPG) levels). 8 

Glucagon-like peptide-1 receptor ago-
nists (GLP-1RA) boost glucose-stimulated 

insulin secretion, inhibit glucagon produc-
tion, enhance satiety, reduce food intake, 
improve insulin sensitivity, and reduce 
deposition of visceral fat. 9 GLP1RA low-
ers HbA1c by up to 1.8% and has a mini-
mal hypoglycemia risk while also lowering 
weight, blood pressure, and lipid profile. 10

Basal insulins combined with GLP-
1RA are an efficient therapeutic choice for 
T2DM patients who require insulin thera-
py intensification. Insulin degludec (IDeg) 
combined with liraglutide [IDegLira], as 
well as insulin glargine (IGlar) combined 
with lixisenatide [iGlarLixi], are two com-
bination medications (fixed-ratio combo) 
with set dosages of long-acting insulins 
and GLP-1RA, which are now authorized.8

In the DUAL studies, IDegLira im-
proved glycemic control alongside body-
weight benefits and equivalent or reduced 
rates of hypoglycemic episodes compared 
to basal insulin, as well as a decreased risk 
of gastrointestinal side effects compared to 
GLP-1RAs alone.11–15 Previous literature 
has mentioned that iGlarLixi might offer 
reasonable glycemic control rather than 
administering the two medications sepa-
rately. The fixed-ratio combination’s better 
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efficacy is due to the complementary na-
ture of the combined medications, the ease 
of administration and titration, and the de-
crease in adverse effects. 16,17 

We conducted the current meta-analy-
sis of randomized controlled trials (RCTs) 
published until December 2021 that com-
pared combination therapy with other in-
jectable therapies in T2DM patients.

Methods

This systematic review and meta-analy-
sis has been conducted in accordance with 
the guidelines outlined in the “preferred 
reporting items for systematic review and 
meta-analysis (PRISMA) statement”. 18

Literature search strategy
We searched PubMed, Scopus, EBSCO, 

and Web of Science using a search strat-
egy including the following search terms: 
“biphasic insulin regimen,” “premixed in-
sulin,” “basal plus insulin regimen,” “ba-
sal-bolus insulin regimen,” “glargine,” 
“degludec,” “detemir,” “aspart,” “glulis-
ine,” “lispro,” “glucagon-like peptide-1 re-
ceptor agonist”, “GLP-1 receptor agonist”, 
“GLP-1RA”, “exenatide,” “exenatide 
LAR,” “ liraglutide,” “ lixisenatide,” “ du-
laglutide,” “ semaglutide,” “ albiglutide,” 
“ IDegLira,” and“ IGlarLixi” through De-
cember 2021.

Study eligibility

Inclusion criteria
We included the RCTs satisfying the 

following criteria:
Population: adults with type 2 diabetes 

mellitus
Intervention and comparison: a combi-

nation of GLP-1RA and insulin (whether 
fixed ratio or free combination) or GLP-
1RA added to background insulin therapy 
compared with other injectable therapies, 
including placebo/insulin intensification 
(insulin up-titration)/GLP-1RA; or ba-
sal-plus/basal-bolus therapies. 

Outcomes: HbA1c (%) change, the pro-
portion of patients achieving HbA1c <7% 
at the study end, the incidence of blood 
glucose-confirmed symptomatic hypogly-
cemia, and weight change

Exclusion criteria

We excluded non-RCTs, reviews with 
no original data, studies with insufficient 
data, case reports, case series, letters to the 
editor, as well as studies on patients other 
than T2DM.

Study selection 
Initially, the titles and abstracts of the 

retrieved records were assessed to deter-
mine whether they met the eligibility crite-
ria, after which the full text of potentially 
relevant records was examined to further 
assess their eligibility. We searched for 
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RCTs that looked at GLP-1RA and insu-
lin combination compared with other in-
jectable therapies in adults with T2DM in 
terms of the HbA1c (%) change, the pro-
portion of patients achieving HbA1c <7% 
at the study end, the incidence of blood 
glucose-confirmed symptomatic hypogly-
cemia, and weight change.

Data extraction
We extracted the following data for all 

of the included studies

1- Demographic data
Study ID with the year of publication, 

design of the study, duration of the study 
(weeks), studied arms, the total number of 
the included patients in each group, mean 
age (years), as well as baseline levels of 
HbA1c, and the primary outcome.

2- Study outcomes
For each study arm, we retrieved data 

about HbA1c, and weight change as well 
as the incidence of hypoglycemias (safety).

Risk of bias assessment
To assess the quality of the RCTs in-

cluded in the study, the Cochrane risk of 
bias assessment tool was utilized. This 
tool evaluates various aspects of the RCTs, 
including sequence generation, alloca-
tion concealment, blinding of patients and 
personnel, blinding of outcome assess-
ment, incomplete outcome data, selective 
outcome reporting, and other factors that 

could potentially introduce bias into the 
study. There are three levels of potential 
bias assigned to the decision: low, high, 
and unclear.

Statistical analysis
Data analysis was performed using 

SPSS version 28.0 software for Windows. 
The effect size of continuous data was ob-
tained according to Tierney et al. 19 and was 
pooled using weighted mean difference 
(WMD). Dichotomous data were pooled 
as a risk ratio (RR) using a random-effects 
model. According to Cochrane Handbook 
recommendations, heterogeneity was in-
spected visually and statistically through 
Chi-square and I^2 tests, and P<0.1 was 
designated as a level of significant heter-
ogeneity. Upon detecting significant heter-
ogeneity, we employed further sensitivity 
analyses to determine the source of heter-
ogeneity by excluding one study at a time. 
Furthermore, we employed a compari-
son-adjusted funnel plot for each outcome, 
which displayed asymmetries for all in-
terventions with a significant Egger’s test 
revealing a small-study effect. The funnel 
plot is a scatter diagram showing the distri-
bution of studies, precision, and outcome 
measures. A single direct comparison is 
shown by each dot.  Idealized dispersion 
owing to sample variance should resem-
ble a pyramid or an inverted funnel on the 
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plot. An asymmetrical funnel plot means 
publication/reporting bias, poor methodo-
logical design, or heterogeneity.

Results

The search strategy retrieved 3100 
unique records; of them, 2995 records 
were excluded after title/abstract screen-
ing, while the remaining 105 records were 

sought for retrieval. Thus, 48 studies 11,12,14–

17,20–61 were included in the present study, 
Supplementary Figure 1. The summary 
characteristics of the included studies are 
shown in Table 1 (a and b). Supplementary 
Table 1 displays the outcomes of the as-
sessment of the risk of bias.

Figure 1: (a) forest plot of the pooled estimate for the comparison of the change in HbA1c level (%) between combination 
therapy and placebo/insulin intensification (insulin up-titration)/GLP-1RA, (b) forest plot of the pooled estimate for the com-

parison of the change in HbA1c level (%) between combination therapy and basal-plus/basal-bolus.

Table 1 (a) presents the summary characteristics of the included double-blind randomized clinical trials.

Author, year (trial name) Study dura-
tion (week)

Study arms Number of 
patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary 
outcome

Pei et al. 2021 (DUAL II China) 21a rand-
omized, double-blinded, multicentre, treat-
to-target trial, Chinese adults with T2D and 
HbA1c of 7.5% or more on basal insulin and 
metformin, with or without other oral antidia-
betic drugs (OADs

26 IDegLira 302 54.5 (9.8) 8.93 
(1.20)

HbA1c 
change from 
baseline after 
26 weeks of 

treatment

Degludec 151 55.3 (10.0) 8.96 
(1.17)

Watada et al. 2019 25 26 Insulin deglu-
dec/liraglutide 

(IDegLira)

105 56.6 (10.4) 8.61 
(0.88)

Change from 
baseline in 

HbA1c after 
26 weeks of 

treatment
Insulin 

degludec 
(degludec) 

105 55.5 (10.0) 8.56 
(0.80)

Buse et al, 2011 26randomized, placebo-con-
trolled trial, blocked and stratified by HbA1c 
level at site, performed from October 2008 to 
January 2010. Participants, investigators, and 
personnel conducting the study were masked 
to treatment assignments. (ClinicalTrials.gov 
registration number: NCT00765817

30 Exenatide 10 
μg BID

138 59 (9) 8.3 (0.8) HbA1c levels 
at week 30

Placebo 123 59 (10) 8.5 (0.9)
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Author, year (trial name) Study dura-
tion (week)

Study arms Number of 
patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary 
outcome

Seino et al, 2012 (Get-Goal-L-Asia) 29ran-
domized, double-blind, placebo-controlled, 
parallel-group, multicentre study, participants 
(mean baseline HbA1c 8.53%

24 Lixisenatide 
20 μg

154 58.7 (10.2) 8.5 (0.7) Change in 
HbA1c to 
week 24Placebo 157 58.0 (10.1) 8.5 (0.8)

Riddle et al, 2013 (Get-Goal-L) 30in people 
with type 2 diabetes and elevated glycated he-
moglobin (HbA1c

24 Lixisenatide 
20 μg

328 57 (10) 8.4 (0.9) Change in 
HbA1c to 
week 24Placebo 167 57 (10) 8.4 (0.8)

Riddle et al, 2013 (GetGoal-Duo 1) 31adding 
basal insulin improves glycemic control. How-
ever, when glycated hemoglobin (HbA1c

24 Lixisenatide 
20 μg

223 56 (10) 7.6 (0.5) Change in 
HbA1c to 
week 24Placebo 223 56 (10) 7.6 (0.5)

Buse et al, 2014 (DUAL II) 12double-blind 
trial, patients with type 2 diabetes (A1C 7.5 
-10.0% [58- 86 mmol/mol]

26 IDegLira + 
Metformin

207 57 (9) 8.7 (0.7) Change in 
HbA1c to 
week 26Degludec + 

Metformin 
titration

206 58 (11) 8.8 (0.7)

Ahmann et al, 2015 (LIRA-ADD2BASAL) 
34compared with placebo, of adding liraglutide 
to pre-existing basal insulin analogue±met-
formin in adults with inadequately controlled 
type 2 diabetes [glycated haemoglobin (HbA1c

26 Liraglutide 
1.8 mg

226 59.3 (9.2) 8.2 (0.8) Change in 
HbA1c to 
week 26Placebo 225 57.5 (11.1) 8.3 (0.9)

Lind et al, 2015 (MDI Liraglutide trial) 35an 
incretin based treatment, on glycaemic control 
in people with type 2 diabetes treated with 
multiple daily insulin injections? Methods The 
study was a randomised, double blind, place-
bo controlled trial with a parallel group design 
carried out at 13 hospital based outpatient 
clinics and one primary care unit in Sweden. 
Patients were considered eligible for inclusion 
if they had type 2 diabetes and inadequate gly-
caemic control (HbA1c concentrations ≥58 
mmol/mol (7.5%

24 Liraglutide 
1.8 mg

64 63.8 (8.2) 9.0 (1.0) Change in 
HbA1c to 
week 24Placebo 60 63.5 (7.7) 9.0 (1.1)

Aroda et al, 2016 (BEGIN:ADD TO GLP-1 
Study) 36double-blind trial, patients who still 
had inadequate glycaemic control after a 15-
week run-in period with initiation and dose 
escalation of liraglutide to 1.8 mg in combina-
tion with metformin (≥1500 mg

26 Degludec 174 57 (10) 7.6 (0.6) Change in 
HbA1c to 
week 26Placebo 172 57.3 (9.4) 7.6 (0.6)

Seino et al, 2016 38 36 Liraglutide 
0.9 mg

127 61.3 (11) 8.8 (0.9) Change in 
HbA1c to 
week 16Placebo 130 59.8 (11.3) 8.8 (0.9)

Vanderheiden et al, 2016 39hypoglycemia, and 
high treatment burden. OBJECTIVE To assess 
the effectiveness and safety of adding a gluca-
gon-like peptide 1 receptor agonist to the treat-
ment regimen of patients with type 2 diabetes 
requiring therapy with high-dose insulin. DE-
SIGN, SETTING, AND PARTICIPANTS This 
clinical trialwas a double-blind, placebo-con-
trolled, randomized (1:1

24 Liraglutide 
1.8 mg

35 52.8 (8.1) 9.0 (1.2) Change in 
HbA1c to 
week 24Placebo 36 55.5 (6.6) 8.9 (1.0)

Pozzilli et al, 2017 (AWARD-9) 41 28 Dulaglutide 
1.5 mg

150 60.2 (9.5) 8.4 (0.9) Change in 
HbA1c to 
week 28Placebo 150 60.6 (10.1) 8.3 (0.8)

Guja et al, 2018 (DURATION-7) 42dou-
ble-blind study (ClinicalTrials.gov identifier: 
NCT02229383

28 Exenatide 
LAR 2 mg

231 57.8 (9) 8.5 (0.9) Change in 
HbA1c to 
week 28Placebo 230 57.6 (10.3) 8.5 (0.9)
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Author, year (trial name) Study dura-
tion (week)

Study arms Number of 
patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary 
outcome

Rodbard et al, 2018 (SUSTAIN-5) 43 30 Semaglutide 
0.5 mg

132 59.1 8.4 Change in 
HbA1c to 
week 30Semaglutide 

1 mg
131 58.5 8.3

Placebo 133 58.8 8.4

Yang et al, 2018 (GetGoal-L-C) 44during which 
BI was titrated to a target self-monitored plas-
ma glucose (SMPG; 4.4-5.6 mmol/L

24 Lixisenatide 
20 μg

224 53.9 (9.9) 7.9 (0.6) Change in 
HbA1c to 
week 24Placebo 224 56.2 (9.1) 7.9 (0.7)

Table 1 (b) presents the summary characteristics of the included open-label trials.

Author, year (trial name) Study 
duration 
(week)

Study arms Num-
ber of 

patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary outcome

Abrue et al. 2019 (SIMPLE 
Study) 57

24 Basal Insulin + GL-
P1RA Group

59 46.7 (9.0) 12.1 (1.4) Change in HbA1c; 
changes in weight, 
insulin dose, hypo-
glycemia

Basal-Bolus Insulin 
Group

61 48.1 (10.0) 12.0 (1.5)

Aroda et al. 2019 (DUAL VIII) 
58multicentre, open-label, phase 
3b randomised controlled trial, 
insulin-naive patients aged 18 
years and older, with HbA1c be-
tween 7·0–11·0% (53–97 mmol/
mol

104 Insulin degludec plus 
liraglutide (IDegLira)

506 56.8 (10.0) 8.4% (1.0) Time from random-
ization to need for 
treatment intensifica-
tion

Insulin glargine 100 
units/Ml (IGlar U100)

506 56.4 (10.1) 8.6% (1.0)

Aso et al. 2020 59HbA1c de-
creased by 0.3% in the IDe-
gAsp group and by 0.7% in 
the IDeg + Lira group. The 
HbA1c reduction was greater 
in the IDeg + Lira group than 
in the IDegAsp group. 19% of 
patients on IDegAsp versus 
40% on IDeg + Lira achieved 
HbA1c < 7.0%. Pre-breakfast 
and pre-dinner blood glucose at 
52 weeks were significantly low-
er in the IDeg + Lira group than 
in the IDegAsp group. The re-
duction in body mass index (BMI

52 Insulin degludec/
insulin aspart (IDe-
gA s p )

28 68.8 (8.9) 8.2 (0.9) HbA1c changes 
over 52 weeks of 
treatment, and the 
percentage of par-
ticipants achieving 
HbA1c<7.0% at week 
5 2

Basal insulin deglu-
dec and liraglutide 
(IDeg+Lira)

24 6 8.0 (10.4) 7.9 (0.6)

Billings et al. 2020 (DUAL VII) 
60

26 Insulin Degludec/Li-
raglutide (IDegLira)

238 <65= 170 of 238 & ≥65= 
68 of 238

Change in HbA1c 
from baseline to week 
26Basal-Bolus Insulin 

Group
233 <65= 184 of 233 & ≥65= 

48 of 233

Giugliano et al. 2021 (BE-
YOND) 612

24 Intensification of the 
basal-bolus insulin 
(BBI) regimen

101 62.1 ± 10.2 8.5 (1.1) Change from baseline 
in HbA1c at 6 months

A fixed ratio of basal 
insulin plus GLP-
1RA (fixed-combo 
group)

102 62.6 ± 9.6 8.5 (1.0)

Kaku et al. 2019 20 52 Insulin degludec/lira-
glutide (IDegLira)

275 56.9 (10.2) 8.5 (1.1) Change from baseline 
in HbA1c after 52 
weeks of treatmentDegludec 271 57.8 (9.9) 8.5 (1.1)

Liraglutide 1.8 273 56.8 (10.1) 8.3 (1.0)
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Author, year (trial name) Study 
duration 
(week)

Study arms Num-
ber of 

patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary outcome

Philis-Tsimikas 2019 (DUAL 
IX) 15

26 Insulin Degludec/Li-
raglutide (IDegLira)

210 56.1 (10.4) 8.2 (0.9) Change in HbA1c 
from baseline to week 
26Insulin Glargine 

U 1 0 0
210 57.2 (10.2) 8.4 (1.1)

Rosenstock et al. 2020 22basal 
plus prandial insulin was opti-
mized over 4 weeks before par-
ticipants were randomized (1:1

26 Albiglutide + glargine 402 58.0 (9.4) 7.7 (0.6) Change from baseline 
in HbA1c at 26 weeks

Lispro + glargine 412 58.1 (9.5) 7.7 (0.6)

Terauchi et al. 2020 23multicen-
tre, open-label, 1:1 randomized, 
parallel-group study compared 
efficacy of iGlarLixi and iGlar 
in patients with T2DM, HbA1c 
of ≥7.5% to ≤9.5% and fasting 
plasma glucose ≤10.0 mmol/L 
(180 mg/dL

26 Insulin glargine/lix-
isenatide fixed-ratio 
combination (iG-
larLixi)

260 59.2 (11.0) 8.08 (0.50) Change in HbA1c 
from baseline to week 
26.

Insulin glargine U100 
(iGlar)

261 60.2 (10.3) 8.01 (0.45)

Wang et al. 2020 24defined as 
24-h urinary albumin excretion 
rate (UAER

24 Exenatide twice daily 
plus insulin glargine 
(intervention group)

46 55.9 (8.9) 9.1 (1.4) Urinary albumin 
excretion rate per-
centage change from 
the baseline after 24 
weeks of intervention

Insulin lispro plus 
glargine (control 
g r o u p ) 

46 55.9 (8.9) 9.0 (1.3)

DeVries et al, 2012 27sulfony-
lurea was discontinued and lira-
glutide 1.8 mg/day added for 12 
weeks (run-in

26 Detemir 162 56.8 (9.4) 7.6 (0.6) Change in HbA1c to 
week 26

Continuing metform-
in + liraglutide 1.8 mg

161 57.3 (9.8) 7.6 (0.7)

Li et al, 2012 28randomized, par-
allel-group study was carried 
out. A total of 84 patients com-
pleted the trial who had been 
randomly assigned to either the 
liraglutide-added group or the 
insulin-increasing group while 
continuing current insulin based 
treatment. Insulin dose was re-
duced by 0-30% upon the initia-
tion of liraglutide. Insulin doses 
were subsequently adjusted to 
optimized glycemic control. Gly-
cosylated hemoglobin (HbA1c

12 Liraglutide 1.2 mg 42 51.2 (10.5) 8.8 (0.8) HbA1c levels at week 
12

Insulin up-titration 42 52.7 (10.8) 8.7 (0.9)

de Wit et al, 2014 (ELEGANT) 32 26 Liraglutide 1.8 mg 26 57 (10) 7.2 (0.6) Change in body 
weight to week 26

Intensification of in-
sulin therapy

24 59 (8) 7.5 (0.7)

Gough et, al 2014 (DUAL-I) 11 26 IDegLira 834 55.1 (9.9) 8.3 (0.9) Change in HbA1c to 
week 26

Degludec Titration 414 54.9 (9.7) 8.3 (1.0)

Liraglutide 1.8 mg 415 55.0 (10.2) 8.3 (0.9)

Lane et al, 2014 332]. The effect 
of GLP-1 RA therapy added to 
intensive (basal/bolus

24 Liraglutide 1.8 mg 21 59 (11.8) 7.8 (0.6) HbA1c at week 24

Insulin up-titration 16 60.8 (9.7) 7.8 (0.7)

Aroda et al, 2016 (LixiLan-L) 
16a novel, titratable, fixed-ratio 
combination of insulin glargine 
(iGlar

30 IGlarLixi 367 59.6 (9.4) 8.1 (0.7) Change in HbA1c to 
week 30

Glargine titration 369 60.3 (8.7) 8.1 (0.7)

Lingvay et al, 2016 (DUAL V) 14 26 IDegLira 278 58.4 (9.8) 8.4 (0.9) Change in HbA1c to 
week 26

Glargine titration 279 59.1 (9.3) 8.2 (0.9)
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Author, year (trial name) Study 
duration 
(week)

Study arms Num-
ber of 

patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary outcome

Rosenstock et al, 2016 (Lixilan 
PoC) 37a fixed-ratio, titratable, 
combination of 2 units insulin 
glargine (Gla-100

24 IGlarLixi 161 56.9 (9.5) 8.1 (0.8) Change in HbA1c to 
week 24

Glargine titration 162 56.6 (9.4) 8.0 (0.8)

Rosenstock et al, 2016 (Lix-
iLan-O) 17a novel titratable 
fixed-ratio combination of insu-
lin glargine (iGlar

30 IGlarLixi 469 58.2 (9.5) 8.1 (0.7) Change in HbA1c to 
week 30

Glargine titration 467 58.3 (9.4) 8.1 (0.7)

Lixisenatide 20 μg 234 58.7 (8.7) 8.1 (0.7)

Linjawi et al, 2017 (DUAL III) 
40followed by other agents, such 
as glucagon-like peptide-1 recep-
tor agonists (GLP-1RAs

26 IDegLira 292 58.3 (9.9) 7.8 (0.6) Change in HbA1c to 
week 26

Liraglutide or Ex-
enatide at their 
pre-trial dose

146 58.4 (8.8) 7.7 (0.6)

Diamant et al, 2014 (4B Study) 
45this complex regimen is as-
sociated with weight gain and 
hypoglycemia. This study com-
pared the efficacy and safety of 
exenatide twice daily or meal-
time insulin lispro in patients 
inadequately controlled by insu-
lin glargine and metformin de-
spite up-titration.\nRESEARCH 
DESIGN AND METHODS In 
this 30-week, open-label, multi-
center, randomized, noninferior-
ity trial with 12 weeks prior in-
sulin optimization, 627 patients 
with insufficient postoptimiza-
tion glycated hemoglobin A1c 
(HbA1c

30 Exenatide 10 μg BID 315 59.8 (9.5) 8.3 (1.0) Change in HbA1c to 
week 30

Lispro thrice daily 312 57.4 (8.9) 8.2 (0.9)

Mathieau et al, 2014 (BEGIN: 
VICTOZA ADD-ON) 46mean 
HbA1c: 7.7% (61mmol/mol

26 Liraglutide 1.8 mg 88 61.1 (9.5) 7.7 (0.6) Change in HbA1c to 
week 26

Aspart at largest meal 89 60.9 (8.8) 7.7 (0.8)

Rosenstock et al, 2014 (Harmo-
ny 6) 47open-label, activecon-
trolled trial testing once-weekly 
albiglutide vs. thrice-daily pran-
dial insulin lispro as an add-on 
to titrated once-daily insulin 
glargine. RESEARCH DESIGN 
AND METHODS: Patients tak-
ing basal insulin(with or without 
oral agents

26 Albiglutide 30 mg 282 54.8 (9.1) 8.5 (0.9) Change in HbA1c to 
week 26

Lispro thrice daily 281 56.3 (8.9) 8.4 (0.9)

Shao et al, 2014 48 12 Exenatide 10 μg BID 30 43 (4.1) 7.6 (0.6) HbA1c at week 12

Aspart thrice daily 30 42 (3.2) 7.7 (0.6)
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Author, year (trial name) Study 
duration 
(week)

Study arms Num-
ber of 

patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary outcome

Blonde et al, 2015 (AWARD-4) 
49advancing to a basal-bolus insu-
lin regimen is often recommend-
ed. We aimed to compare the ef-
ficacy and safety of long-acting 
glucagon-like peptide-1 receptor 
agonist dulaglutide with that of 
insulin glargine, both combined 
with prandial insulin lispro, in 
patients with type 2 diabetes. 
Methods We did this 52 week, 
randomised, open-label, phase 3, 
non-inferiority trial at 105 study 
sites in 15 countries. Patients 
(aged ≥18 years

52 Dulaglutide 1.5 mg 295 58.9 (9.6) 8.5 (1.1) Change in HbA1c to 
week 26

Dulaglutide 0.75 mg 293 59.3 (9.0) 8.4 (1.0)

Glargine titration 296 59.9 (9.1) 8.5 (1.0)

FLAT-SUGAR investigators, 
2016 50which may worsen out-
comes by inducing inflamma-
tion, oxidative stress, and cardiac 
arrhythmias. We tested whether 
a glucagon-like peptide 1 ago-
nist-based regimen can reduce 
GV and cardiometabolic risk 
markers while maintaining sim-
ilar A1C levels in people with 
insulin-requiring type 2 diabetes 
and high cardiovascular risk. 
RESEARCH DESIGN AND 
METHODS After run-in on met-
formin and basal-bolus insulin 
(BBI

26 Exenatide 5-10 μg 52 62 7.9 (0.3) Change in glucose co-
efficients of variation 
to week 26Short-acting insulin 

analogs thrice daily
50 62 7.9 (0.3)

Rosenstock et al, 2016 (GetGoal 
Duo-2) 51we explored head-to-
head prandial interventions in 
overweight patients with type 2 
diabetes inadequately controlled 
on basal insulin glargine with 
or without 1-3 oral antidiabetic 
agents (OADs

26 Lixisenatide 20 μg 298 59.8 (8.6) 7.8 (0.6) Change in HbA1c to 
week 26

Glulisine once daily 298 60.2 (8.6) 7.7 (0.6)

Glulisine thrice daily 298 59.4 (9.5) 7.8 (0.6)

Tonneijck et al, 2017 52a prandial 
short-acting glucagon-like pep-
tide receptor agonist (GLP-1RA

8 Lixisenatide 20 μg 17 62 (7) 8.3 (0.2) Change in Glomeru-
lar filtration rate and 
effective renal plasma 
flow to week 8 

Glulisine once daily 18 61 (7) 7.8 (0.2)

Billings et al, 2018 (DUAL VII) 
53

32 IDegLira 25,2 58.6 (9.0) 8.2 (0.8) Change in HbA1c to 
week 26

Glargine and Insulin 
Aspart four or fewer 
times daily

254 58.0 (8.6) 8.2 (0.8)

Miya et al, 2018 54 12 Lixisenatide 20 μg 
plus insulin glargine

11 66 (8.4) 7.1 (0.5) Change in the Diabe-
tes Treatment Satis-
faction Questionnaire 
scores to week 12

Continuing Multiple 
daily injections of 
insulin

15 59.6 (12.8) 7.2 (0.9)
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Meta-analysis characteristics
Different intervention groups were ana-

lyzed as follows: the combination between 
basal insulin and GLP-1RA (fixed-ratio or 
free combination), basal-plus/basal-bolus, 
and placebo/insulin intensification (insulin 
up-titration)/GLP-1RA.

The Change in HbA1c (%)
Thirty-three studies reported reliable 

data for the comparison of the change in 
HbA1c level between combination therapy 
and placebo/insulin intensification (insulin 
up-titration)/GLP-1RA. The mean change 
from baseline in the HbA1c was signifi-
cantly higher in the combination arm than 
in the control arm (WMD -0.693, 95% CI 
-0.818 to -0.567; p <0.001). The pooled 
analysis was substantially heterogeneous 

(I2 =93%; Figure 1A). Heterogeneity was 
not resolved after further sensitivity anal-
ysis. The trim-and-fill analysis of publica-
tion bias imputed 33 missing studies for this 
comparison, donating significant publica-
tion bias (p <0.001), confirmed by an asym-
metrical funnel plot (Supp. Figure 2A).

On the other hand, 20 studies compared 
the change in HbA1c level between com-
bination therapy and basal-plus/basal-bo-
lus. Again, the pooled analysis favoured 
the combination regimen (WMD -0.105, 
95% CI -0.199 to -0.012; p =0.027), with 
substantial heterogeneity (I2 =79%; Figure 
1B) that could not be resolved by further 
sensitivity analysis. The trim-and-fill anal-
ysis of publication bias imputed 20 missing 
studies for this comparison, donating sig-

Author, year (trial name) Study 
duration 
(week)

Study arms Num-
ber of 

patients

Mean age 
(SD) (year)

Baseline 
HbA1c 

(SD) (%)

Primary outcome

Tuttle et al, 2018 (AWARD-7) 
55including insulin, are primarily 
cleared by the kidneys, restrict-
ing treatment options for patients 
with kidney disease. Dulaglutide 
is a long-acting glucagon-like 
peptide-1 receptor agonist that is 
not cleared by the kidneys, and 
confers a lower risk of hypogly-
caemia than does insulin. We as-
sessed the efficacy and safety of 
dulaglutide in patients with type 
2 diabetes and moderate-to-se-
vere chronic kidney disease. 
Methods: AWARD-7 was a mul-
ticentre, open-label trial done at 
99 sites in nine countries. Eligi-
ble patients were adults with type 
2 diabetes and moderate-to-se-
vere chronic kidney disease 
(stages 3–4

52 Dulaglutide 1.5 mg 192 64.7 (8.8) 8.6 (0.9) HbA1c at 26 weeks

Dulaglutide 0.75 mg 190 64.7 (8.6) 8.6 (1.1)

Glargine titration 194 64.3 (8.4) 8.6 (1.0)

Yamamoto et al, 2018 56 24 Liraglutide 0.9 mg 
and basal insulin

13 60.0 (7.8) 7.3 (1.2) Change in HbA1c to 
week 24

Continuing basal bo-
lus insulin therapy

12 61.5 (10.6) 6.9 (0.8)
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nificant publication bias, confirmed by an 
asymmetrical funnel plot (Supp. Figure 2B).

Figure 2: (a) forest plot of the proportion of patients achieving the targeted HbA1c between combination therapy and place-
bo/insulin intensification (insulin up-titration)/GLP-1RA, (b) forest plot of the proportion of patients achieving the targeted 

HbA1c between combination therapy and basal-plus/basal-bolus.

The proportion of patients achieving the 
targeted HbA1c (%)

The pooled analysis of the 33 studies 
reported comparing the proportion of pa-
tients achieving the targeted HbA1c be-
tween combination therapy and placebo/
insulin intensification (insulin up-titra-
tion)/GLP-1RA showed that patients on 
combination therapy had a higher chance 
of achieving the HbA1c target (RR 1.964, 

95% CI 1.708 to 2.22; p <0.001). The 
pooled analysis was substantially hetero-
geneous (I2 =93%; Figure 2A). Heteroge-
neity was not resolved after further sensi-
tivity analysis. The trim-and-fill analysis 
of publication bias imputed 43 missing 
studies for this comparison donating sig-
nificant publication bias (p <0.001), con-
firmed by an asymmetrical funnel plot 
(Supp. Figure 3A)

Figure 3: (a) forest plot of the pooled estimate for the change in body weight between combination therapy and placebo/
insulin intensification (insulin up-titration)/GLP-1RA, (b) forest plot of the pooled estimate for the change in body weight 

between combination therapy and basal-plus/basal-bolus.
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On the contrary, the 15 studies compar-
ing combination therapy and basal-plus/ba-
sal-bolus showed no significant difference 
(RR 1.037, 95% CI 0.971 to 1.103), with 
no significant heterogeneity (I2 =12%; 
Figure 2B) that could not be resolved by 
further sensitivity analysis. The trim-and-
fill analysis of publication bias imputed 21 
missing studies for this comparison, donat-
ing significant publication bias, confirmed 
by an asymmetrical funnel plot (Supp. Fig-
ure 3B).
The change in body weight (Kg)

Thirty-one compared the change in 
body weight between combination therapy 

and placebo/insulin intensification (insulin 
up-titration)/GLP-1RA. The mean reduc-
tion from baseline in body weight was sig-
nificantly higher in the combination arm 
than in the control arm (WMD -1.894, 95% 
CI -2.697 to -1.091; p <0.001). The pooled 
analysis was substantially heterogeneous 
(I2 =98%; Figure 3A). Heterogeneity was 
not resolved after further sensitivity anal-
ysis. The trim-and-fill analysis of publi-
cation bias imputed 31 missing studies 
for this comparison, donating significant 
publication bias (p <0.001), confirmed by 
an asymmetrical funnel plot (Supp. Figure 
4A).

Figure 4: (a) forest plot of the pooled estimate for the incidence of hypoglycaemia between combination therapy and placebo/
insulin intensification (insulin up-titration)/GLP-1RA, (b) forest plot of the pooled estimate for the incidence of hypoglycae-

mia between combination therapy and basal-plus/basal-bolus.

On the other hand, 20 studies compared 
the change in body weight between combi-
nation therapy and basal-plus/basal-bolus. 
Again, the pooled analysis favoured the 
combination regimen (WMD -3.6, 95% CI 
-4.435 to -2.766; p =0.001), with substan-

tial heterogeneity (I2 =94%; Figure 3B) that 
could not be resolved by further sensitivity 
analysis. The trim-and-fill analysis of pub-
lication bias imputed 20 missing studies 
for this comparison, donating significant 
publication bias, confirmed by an asym-



Majmaah Journal of Health Sciences ,Vol. 12,  Issue 3  ,  July - 2024, Dhu Al-Hijjah - 1445

201Evaluation of Insulin and Glucagon-like peptide-1 Receptor Agonists Combination for Type 2 Diabetes Mellitus: An Updated Meta-analysis 

metrical funnel plot (Supp. Figure 4B).

The incidence of hypoglycemia
The pooled analysis of the 32 studies 

comparing the proportion of patients with 
confirmed hypoglycemia between combi-
nation therapy and placebo/insulin inten-
sification (insulin up-titration)/GLP-1RA 
showed comparable rates (RR 0.94, 95% 
0.84 - 1.04). The pooled analysis was sub-
stantially heterogeneous (I2 =75%; Figure 
4A). Heterogeneity was not resolved after 
further sensitivity analysis. The trim-and-
fill analysis of publication bias imputed 
eight missing studies for this comparison, 
donating significant publication bias (p 
<0.001), confirmed by an asymmetrical 
funnel plot (Supp. Figure 5A).

On the contrary, the 13 studies compar-
ing combination therapy and basal-plus/ba-
sal-bolus showed a statistically significant 
difference (RR 0.63, 95% CI 0.51 - 0.74; p 
<0.001), with no significant heterogeneity 
(I2 =76%; Figure 4B) that could not be re-
solved by further sensitivity analysis. The 
trim-and-fill analysis of publication bias 
no imputed missing studies for this com-
parison donating no significant publication 
bias, confirmed by a symmetrical funnel 
plot (Supp. Figure 5B).

Discussion

Given the progressive nature of T2DM, 
many patients require insulin to attain 

their desired glycemia. Since 2019, when 
injectable therapy is necessary, the Amer-
ican Diabetes Association has advised 
GLP-1RA before basal insulin. 62 A basal 
insulin single injection is a standard way 
to begin insulin therapy, gradually increas-
ing to maximize therapy. Adding premeal 
rapid-acting insulin analogues to the con-
tinuing dose of basal insulin or switching 
to a premixed insulin regimen with a pre-
determined dosage of “intermediate-act-
ing: and “short- or rapid-acting” insulin 
are two ways to increase insulin therapy to 
reach glycaemic goals. Even though these 
regimens of intensified insulin results in 
the same drop in HbA1c, 63,64 people are 
often reluctant to intensify insulin thera-
py because of possible side effects like the 
risk of hypoglycemia and gaining weight, 
as well as practical issues such as patients’ 
anxiety regarding insulin and difficulties in 
teaching patients of injections. Thus, com-
bining GLP-1RA with insulin may give a 
unique and effective treatment alternative 
for improving glycemic control while re-
ducing the risks of insulin intensification. 

Summary of main findings
The current updated systematic review 

and meta-analysis of RCTs aimed to com-
pare the combination therapy with other in-
jectable therapies in T2DM patients. Com-
pared to placebo/insulin intensification 
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(insulin up-titration)/GLP-1RA alone, the 
combination resulted in a higher decline in 
HbA1c levels, with more patients reaching 
the HbA1c target of 7%, weight loss, and 
a comparable risk of hypoglycemia. More-
over, the combination led to a higher de-
cline in HbA1c, weight loss, lower risk of 
hypoglycemia, and a comparable propor-
tion of patients reaching the HbA1c target 
of 7%. A previous meta-analysis published 
in 2019 showed that compared to placebo, 
insulin up-titration, or GLP-RA alone, the 
combination resulted in a larger HbA1c 
reduction, with more patients reaching the 
HbA1c goal of 7%, a higher risk of hy-
poglycemia, and weight loss, and was as 
effective as insulin regimens, with less hy-
poglycemia and weight loss. 65

In the currently updated meta-analysis, 
in terms of change in HbA1c (%), the com-
bination therapy of insulin and GLP-1RA 
significantly reduced HbA1c (%) than 
the placebo/insulin intensification (insu-
lin up-titration)/GLP-1RA arm (WMD 
-0.693, p <0.001) and basal-plus/basal-bo-
lus arm (WMD -0.105, p =0.027). The 
combination therapy of insulin and GLP-
1RA significantly reduced body weight 
than the placebo/insulin intensification (in-
sulin up-titration)/GLP-1RA arm (WMD 
-1.894, p <0.001) and basal-plus/basal-bo-
lus arm (WMD -3.6, p =0.001). Patients on 
combination therapy of insulin and GLP-

1RA had a higher chance of achieving the 
HbA1c target than placebo/insulin inten-
sification (insulin up-titration)/GLP1 RA 
arm (RR 1.964, p <0.001), but not than ba-
sal-plus/basal-bolus arm (RR 1.037, 95% 
CI 0.971 to 1.103). Regarding the propor-
tion of patients with confirmed hypogly-
cemia, comparable rates were observed 
when compared between combination 
therapy and placebo/insulin intensification 
(insulin up-titration)/GLP-1RA (RR 0.94, 
95% 0.84 - 1.04); however, it was statis-
tically significant when compared combi-
nation therapy and basal-plus/basal-bolus 
(RR 0.63, p <0.001).

Comparison with previous studies and the 
significance of the study findings

HbA1c and body weight decreased by 
0.44% and 3.22 kg in a meta-analysis of 15 
RCTs that compared GLP-1RA plus basal 
insulin with other antidiabetic drugs with-
out increasing hypoglycemia risk. 66 GLP-
1RA and basal insulin, when used togeth-
er, had comparable effects on decreasing 
HbA1c as the basal-bolus insulin regimen, 
with a 33% reduced risk of hypoglycemia 
and 5.66 kg less weight gain. 66 Based on 
data from 26 RCTs, Maiorino and col-
leagues found that basal insulin combined 
with GLP-1RA was more effective than 
other injectable antidiabetics in treating 
T2DM. Compared to other injectable treat-
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ments, GLP-1RA with basal insulin re-
duced HbA1c by 0.47% greater, resulting 
in 1.65-fold higher proportions of patients 
meeting the 7.0% HbA1c criteria. While 
HbA1c reduction was not more remark-
able with the combination treatment than 
basal-bolus insulin regimens, it showed a 
34% reduced risk of hypoglycemia and 4.7 
kg more weight loss. 67

The short-acting GLP-1RA agents pri-
marily affect postprandial glucose due to 
their capacity to decrease stomach empty-
ing, which is closely associated with the 
activation of the GLP-1 receptor. Long-act-
ing GLP-1RA agents, on the other hand, 
have a more prominent insulinotropic ac-
tion, providing glycemic control by lower-
ing fasting glucose and, as a result, hyper-
glycemia throughout the day. 68 The most 
common combination treatment regimen 
consists of basal insulin combined with 
a short-acting GLP-1RA or once-daily li-
raglutide, either as a separate ingredient 
preparation or a fixed ratio combination. 
Other new treatment plans include using a 
GLP-1RA injection once a week in addi-
tion to a single injection of a long-acting 
insulin analogue or numerous injections 
of a short-acting insulin analogue prior to 
meals. 49,52 When basal insulin fails to meet 
the fasting glucose goal, and improve-
ments in fasting and postprandial glucose 
are needed, long-acting GLP1 RAs may be 

especially beneficial. One of the benefits 
of using GLP-1RAs once weekly is that 
additional daily injections beyond basal 
insulin are avoided. Type 2 diabetics who 
need to increase their insulin doses but do 
not want to increase their daily injections 
might benefit from adding a once-weekly 
GLP-1RA to meal-time insulin.49,55

A meta-analysis showed no significant 
differences in HbA1c change, the achieve-
ment of goal HbA1c, hypoglycemia risk, 
or bodyweight change when comparing 
each combination treatment method with 
the up-titration of basal insulin. 69 Moreo-
ver, in a real-world study, the decrease in 
HbA1c levels between free up-titration and 
the fixed-ratio combination was about the 
same. The free-up-titration group, on the 
other hand, used fewer insulin doses at the 
end of the study and lost more weight. In 
this investigation, the risk of hypoglycemia 
was not assessed. 70 A recently published 
article 71 showed that the efficiency of gly-
cemic control was equivalent between free 
up-titration and fixed-ratio combination, 
which supports prior research that com-
pared the two approaches. 69,70

Strength points and limitations
This updated meta-analysis has many 

strength points. We conducted this me-
ta-analysis in strict adherence to the PRIS-
MA checklist, and we only included RCTs. 
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We compared the combination therapy 
with (a) placebo/insulin intensification 
(insulin up-titration)/GLP-1RA and (b) 
basal-plus/basal-bolus. We included a con-
siderable number of the included studies 
through the end of 2021.

However, A few caveats must be taken 
into account, as well. The findings’ gener-
alizability may be limited due to the het-
erogeneity among the included studies 
and evidence of publication bias. Inher-
ent characteristics of the studies includ-
ed in this meta-analysis, such as patient 
characteristics, comparator medications, 
GLP-1RA doses, background treatment, 
and trial design, may explain the signifi-
cant degree of heterogeneity. In addition, 
most studies were funded by industry, had 
short durations, and employed open-label 
designs to evaluate the long-term effects of 
the combination. To further understand the 
long-term effects, tolerance, and develop-
ment of diabetic complications, more re-
search is warranted.

Conclusion

Overall, our findings support the use of 
GLP-1RA in combination with insulin as 
a useful intensification approach for pro-
ducing therapeutic improvement in type 2 
diabetes therapy for individuals who have 
not reached their HbA1c goal. Compared 
to placebo insulin intensification (insulin 

up-titration)/GLP-1RA alone, the com-
bination resulted in a higher decline in 
HbA1c levels, with more patients reaching 
the HbA1c target of 7%, weight loss, and a 
comparable risk of hypoglycemia. Moreo-
ver, the combination led to a higher decline 
in HbA1c, weight loss, lower risk of hypo-
glycemia, and a comparable proportion of 
patients reaching the HbA1c target of 7%. 
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Key Points

•	 GLP-1RA has multiple benefits in patients with T2DM, including improved insulin secretion, reduced food 
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