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ABSTRACT

We provided an updated systematic review with meta-analysis of randomized controlled
trials (RCTs) assessing the metabolic effects of combination therapy of insulin and GLP-
1RA (combo) in comparison with other injectable therapy. We searched PubMed, Cochrane
Register of Controlled Trials, Scholar, and ClinicalTrials.gov for RCTs evaluating changes in
HbA1lc (primary outcome), proportion of patients at HbAlc target <7%, hypoglycaemia, and
weight change (secondary end-points). We included 36 RCTs involving 14,636 patients.
Compared with comparator therapies (overall analysis), the combo led to a significant
HbA1c reduction (=—0.49%, 95% CI —0.61 to —0.38%, P < 0.001), more patients at HbAlc tar-
get [relative risk, (RR)=1.77, 95% CI, 1.56, 2.01, P <0.001], similar hypoglycaemic events
(RR=1.03, 95% CI, 0.88, 1.19, P=0.728), and reduction in body weight (-2.5 Kg, 95% CI
—3.1to —1.8 kg, P < 0.001), with high heterogeneity in each analysis. The quality of the evi-
dence was low for three of the considered outcomes. Compared with intensified insulin
regimens (basal-plus/basal-bolus) the combo produced similar glycemic control with
reduction of both hypoglycaemia, and body weight. Combination therapy of GLP-1RA and
insulin could represent a valuable treatment strategy to improve glycemic control in the

management of type 2 diabetes.
© 2019 Elsevier B.V. All rights reserved.
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1. Introduction

Type 2 diabetes is a progressive disease which often requires
treatment intensification to maintain adequate glucose con-
trol, due to the gradual decline of beta cells’ function. Insulin
therapy, usually started as a long-acting insulin analog at
bedtime, is frequently needed after the failure of several oral
glucose-lowering medications to reach and maintain HbAlc
targets [1]. However, as emerged from both randomized con-
trolled trials (RCTSs) [2,3] or cohort studies [4,5], a significant
proportion of patients assuming basal insulin therapy fail to
achieve the desired glycemic goals. Recognizing that increas-
ing basal insulin dose up to 0,5 UI/Kg does not result in fur-
ther improvement of glycemic control, but raises the risk of
weight gain and hypoglycemia [6], the American Diabetes
Association’s Standard of Medical Care in Diabetes-2019 suggest
to advance to a combination injectable therapy using a GLP-1
receptor agonist (GLP-1RA) or multiple doses of insulin [1].
The combination therapy of insulin and GLP-1 RAs rests on
a compelling physiologic and clinical rationale, owing to the
synergistic and complementary effects of its components
[7,8]. GLP-1RAs enhance insulin secretion in a glucose-
dependent manner, suppress glucagon, target post-prandial
glucose by slowing gastric emptying, and promote weight
loss, thus conferring glycemic control with a low risk of hypo-
glycaemia and weight gain. Therefore, GLP-1RAs offer an ideal
companion to insulin, that addresses mainly fasting and
post-absorptive glucose control, counterbalancing the
adverse effects typically associated with insulin therapy [7,8].
Previous meta-analyses of RCTs [9,10] have shown that the
insulin/GLP-1RA combination (combo) was associated with a
mean reduction of HbAlc of around 0.45% as compared with
other injectable treatment strategies, with no increased risk
of hypoglycemia and significant reduction in body weight.
These findings are in line with those coming from the

expanding real world use of the combo strategies in type 2
diabetes [11-13].

The recent availability of RCTs that (a) evaluated the effi-
cacy of weekly GLP-1RAs plus insulin, (b) compared the
combo with complex insulin regimen (basal plus or full basal
bolus), and (c) focused on different study populations may
provide clinicians with new indications on safe and effective
injectable treatment regimens to treat type 2 diabetes. We
therefore did a systematic review and meta-analysis includ-
ing RCTs published until March 2019 that compared the
combo with other injectable therapy in patients with type 2
diabetes. In particular we sought to clarify: (1) whether the
combo is similarly effective in reducing HbAlc when com-
pared with its single components or basal plus/basal bolus
insulin regimens; (2) whether the combo with short- and
long- acting GLP-1RAs leads to the same glycemic outcomes;
(3) whether the use of combo may produce additional benefits
in terms of proportion of patients at HbAlc target < 7%, risk of
hypoglycaemia, and weight change.

2. Methods

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Review and Meta-analyses (PRISMA) statement [14]. The
PRISMA checklist and the protocol of this study are reported
in the Supplementary data. All data generated during this
study are included in this published article and in the Supple-
mentary file.

2.1.  Data sources and search strategy

MEDLINE (via Pubmed), Cochrane Central Register of Con-
trolled Trials, Google Scholar, and ClinicalTrials.gov (http:/

www.clinicaltrials.gov) databases were searched from data-
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base inception to March 21, 2019. Our search strategy
included the following keywords “insulin” or “biphasic insu-
lin regimen” or “premixed insulin” or “basal-plus insulin reg-
imen” or “basal-bolus insulin regimen”, or “glargine” or
“detemir” or “degludec” or “neutral protamine lispro” or
“lispro” or “aspart” or “glulisine” and “glucagon-like peptide
1 receptor agonist” or “GLP-1” or “exenatide” or “exenatide
LAR” or “ liraglutide” or “lixisenatide” or “dulaglutide” or “al-
biglutide” or “semaglutide” or “IDeglira” or “IGlarLixi” or
“fixed combination of GLP-1 receptor agonist and insulin”.
The complete PubMed search was described in Supplemen-
tary Table 1. We also did a manual search, using the reference
list of prior reviews and meta-analyses.

2.2.  Study selection

We considered studies eligible for inclusion if they were RCTs
conducted on adults with type 2 diabetes, compared both free
or fixed combo of short- and long-acting GLP-1RAs and insu-
lin with other injectable treatment strategy, had at least a
duration of 8 weeks, and reported changes in HbAlc and/or
the proportion of participants with HbAlc of <7.0% at the
end of the study period or the number of participants with
hypoglycemic events or weight change. Trials performed in
type 2 diabetic patients with comorbidities including cardio-
vascular diseases or renal failure were also included. Two
investigators (M.I.M. and D.G.) independently reviewed arti-
cles for eligibility on the basis of the study titles and abstracts,
and studies that met the inclusion criteria were retrieved for
full-text assessment. All disagreements were resolved by
consensus.

2.3. Data extraction

Data extraction was performed by two investigators using a
standardized tool, and discrepancies were resolved by con-
sensus. For each retrieved study, we extracted the following
data: (1) author identification and year of publication with
trial name; (2) study design; (3) duration of intervention; (4)
investigational drug with number of patients; (5) comparator
drug with number of patients; (6) age and baseline levels of
HbA1lc; (7) background therapy in both study groups; (8) pri-
mary outcome; (9) HbAlc and weight change; (10) safety
(hypoglycemia); (11) study funder; and (12) type of statistical
analysis for the HbAlc outcome.

2.4. Risk of bias assessment

A risk assessment of bias was performed for each included
RCT using the Cochrane Collaboration’s tool [15]. We assessed
risk of bias in random sequence generation and allocation
concealment (selection bias), blinding of participants and per-
sonnel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition bias),
and selective reporting (reporting bias). The risks of bias were
categorized a high, low, and unclear, and represented in a
“Risk-of-Bias” graph. The quality of each RCT was assessed
by one reviewer and verified by another reviewer. Disagree-
ment was resolved by consensus.

2.5. Quality of evidence

We assessed the overall quality of evidence using the GRADE
approach according to the Cochrane Handbook for Systematic
Reviews of Interventions [15]. For each specific outcome, the
quality of evidence was based on 5 factors: (1) limitations of
the study design; (2) consistency of results; (3) directness; (4)
precision and (5) potential for publication bias. We down-
graded a starting rating of “high quality” evidence by one level
for serious concerns (or by two levels for very serious con-
cerns) about risk of bias, inconsistency, indirectness, impreci-
sion or publication bias. The GRADE approach resulted in 4
levels of quality of evidence: high, moderate, low and very
low [16].

2.6. Statistical analysis

The decrease of HbAlc from baseline at the end of treatment
was the primary outcome of this meta-analysis. Secondary
endpoints were proportion of patients at HbAlc target < 7%
(53 mmol/mol), incidence of hypoglycemic events, and weight
change. Changes from baseline in HbAlc and body weight
were analyzed as continuous variables, using weighted mean
differences (WMDs) as summary measure. From each study,
the difference between the two groups of the mean decrease
of the continuous variable and its standard deviation was
extracted. If not reported, standard deviation of the difference
was estimated by standard equations from the reported stan-
dard error, confidence interval, or P value. Risk ratios (RRs)
were used as the meta-analytic measure of association for
patients at HbAlc targets < 7.0% (53 mmol/mol) and for inci-
dence of hypoglycemic events. For each study, proportion of
participants achieving an HbAlc of 7.0% (53 mmol/mol) or
lower and those having any episode of hypoglycemia were
used to calculate RR using 2x2 table. For studies with three
groups and a shared intervention group, to include each
pair-wise comparison separately, the shared group was split
into two groups with sample size halved. Heterogeneity
between studies was assessed by using Q statistic and 2,
which is the proportion of total variance observed between
the trials attributed to the differences between trials rather
than to sampling error. I*<25% was considered as low in
heterogeneity, I? > 75% as high in heterogeneity, a P value of
Q statistic less than 0.10 was considered significant [15]. If
overall heterogeneity was significant, a random-effect model
was used, otherwise a fixed-effect model was used. In a con-
servative way, we considered random-effect analysis the
main focus of our meta-analysis. We did preplanned sub-
group analyses restricted to trials that compared combination
vs placebo/insulin intensification/GLP-1RA; combination vs
basal-plus/basal-bolus; and short- vs long-acting. Publication
bias was assessed visually with funnel plots and with Egger
test [17]; a P value of less than 0.10 was considered significant.
The trim-and-fill method was used to estimate the effect of
publication bias [18]. Sensitivity analyses in which each study
was removed in turn to assess the influence of that study on
the overall effect size were also carried out. For descriptive
purposes, median and interquartile range (IQR) were calcu-
lated for continuous variables in the two groups. Data were
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Fig. 1 - Process of studies’ selection.

analyzed using Stata, version 11.2 (Stata Corp., College Sta-
tion, TX). All statistical tests were two sided, and P val-
ues < 0.05 were regarded significant.

3. Results

3.1.  Search results and study characteristics

The flow diagram documenting the process of study selection
is reported in Fig. 1. The initial search retrieved 7178 records,
of whom 1634 abstracts were selected for review, after remov-
ing duplicates. We then excluded 1589 citations on the basis

of title and abstracts (mostly reviews, observational and
pre-clinical studies). Of the remaining 45 RCTs, 9 were
excluded because they were extension studies (n =3), sub-
group analysis of a RCT included (n=2), not included
insulin-treated patients (n =2), compared two basal insulin
regimen (n = 1), or not reported outcome data (n = 1) (Supple-
mentary Table 2). Finally 36 RCTs [19-54] with 42 comparisons
were included for quantitative synthesis and meta-analysis.

The characteristics of the included RCTs with baseline
patients’ features are presented in Table 1. The trials were
published between 2011 and 2018, with 7 trials [40-42,51-54]
published in 2018. Most RCTs were multinational and



Table 1 — Characteristics of RCTs included in the meta-analysis.

Author, year (trial Study Study Study arms Number of Mean age (SD) Baseline HbAlc  Background therapy Primary outcome
name) design duration patients (year) (SD) (%)
(week)
Buse et al. (2011) DB 30 Exenatide 10 pg 138 59 (9) 8.3 (0.8) Glargine HbA1lc levels at
BID + metformin, week 30
Placebo 123 59 (10) 8.5 (0.9) pioglitazone, or both
DeVries et al. (2012) (0] 26 Detemir 162 56.8 (9.4) 7.6 (0.6) Metformin Change in HbAlc
+ liraglutide to week 26
Continuing 161 57.3 (9.8) 7.6 (0.7)
metformin
+ liraglutide
1.8mg
Li et al. (2012) 0] 12 Liraglutide 42 51.2 (10.5) 8.8 (0.8) Basal insulin or pre- HbA1lc levels at
1.2mg mixed insulin week 12
Insulin up- 42 52.7 (10.8) 8.7 (0.9) + metformin,
titration sulphonilurea,
thiazolidinedion,
glinide, or o -
glucosidase inhibitor
Seino et al. (2012) DB 24 Lixisenatide 154 58.7 (10.2) 8.5 (0.7) Basal insulin Change in HbAlc
(Get-Goal-L-Asia) 20 pug + sulfonylurea to week 24
Placebo 157 58.0 (10.1) 8.5 (0.8)
Riddle et al. (2013) DB 24 Lixisenatide 328 57 (10) 8.4 (0.9) Basal insulin Change in HbAlc
(Get-Goal-L) 20 ug + metformin to week 24
Placebo 167 57 (10) 8.4 (0.8)
Riddle et al. (2013) DB 24 Lixisenatide 223 56 (10) 7.6 (0.5) Glargine plus Change in HbAlc
(GetGoal-Duo 1) 20 ug metformin, + to week 24
Placebo 223 56 (10) 7.6 (0.5) pioglitazone
Buse et al. (2014) DB 26 IDeglira 207 57 (9) 8.7 (0.7) Basal insulin Change in HbAlc
(DUAL 1II) + Metformin + metformin with or  to week 26
Degludec 206 58 (11) 8.8 (0.7) without
+ Metformin sulphonilurea/glinide
titration
de Wit et al. (2014) (0] 26 Liraglutide 26 57 (10) 7.2 (0.6) Basal insulin + bolus ~ Change in body
(ELEGANT) 1.8 mg insulin or metformin, weight to week 26
Intensification 24 59 (8) 7.5 (0.7) sulphonilurea, or
of insulin both
therapy
Gough et al. (2014) (0] 26 IDeglira 834 55.1 (9.9) 8.3 (0.9) Metformin Change in HbAlc
(DUAL-I) + pioglitazone to week 26
Degludec 414 54.9 (9.7) 8.3 (1.0)
Liraglutide 415 55.0 (10.2) 8.3 (0.9)
1.8 mg

(continued in next page)
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Table 1 - (continued)

Author, year Study Study Study arms Number of Mean age (SD) Baseline HbAlc Background therapy  Primary outcome
(trial name) design duration patients (year) (SD) (%)
(week)
Lane et al. (2014) () 24 Liraglutide 21 59 (11.8) 7.8 (0.6) CSII or MDI HbAlc at week 24
1.8 mg + metformin
Insulin up- 16 60.8 (9.7) 7.8 (0.7)
titration
Ahmann et al. (2015) DB 26 Liraglutide 226 59.3 (9.2) 8.2 (0.8) Basal insulin Change in HbAlc
(LIRA-ADD2BASAL) 1.8 mg + metformin to week 26
Placebo 225 57.5 (11.1) 8.3 (0.9)
Lind et al. (2015) (MDI DB 24 Liraglutide 64 63.8 (8.2) 9.0 (1.0) MDI + metformin Change in HbAlc
Liraglutide trial) 1.8 mg to week 24
Placebo 60 63.5 (7.7) 9.0 (1.1)
Aroda et al. (2016) DB 26 Degludec 174 57 (10) 7.6 (0.6) Metformin Change in HbAlc
(BEGIN:ADD TO GLP-1 + liraglutide to week 26
Study) Placebo 172 57.3 (9.4) 7.6 (0.6)
Aroda et al. (2016) (0] 30 IGlarLixi 367 59.6 (9.4) 8.1 (0.7) Glargine + metformin Change in HbAlc
(LixiLan-L) to week 30
Glargine 369 60.3 (8.7) 8.1(0.7)
titration
Lingvay et al. (2016) (0] 26 IDeglira 278 58.4 (9.8) 8.4 (0.9) Glargine + metformin Change in HbAlc
(DUAL V) to week 26
Glargine 279 59.1 (9.3) 8.2 (0.9)
titration
Rosenstock et al. () 24 IGlarLixi 161 56.9 (9.5) 8.1 (0.8) Metformin Change in HbAlc
(2016) to week 24
(Lixilan PoC) Glargine 162 56.6 (9.4) 8.0 (0.8)
titration
Rosenstock et al. (o) 30 IGlarLixi 469 58.2 (9.5) 8.1 (0.7) Metformin Change in HbAlc
(2016) to week 30
(LixiLan-0O) Glargine 467 58.3 (9.4) 8.1 (0.7)
titration
Lixisenatide 234 58.7 (8.7) 8.1 (0.7)
20 ng
Seino et al. (2016) DB 36 Liraglutide 127 61.3 (11) 8.8 (0.9) Basal or premixed or Change in HbAlc
0.9 mg basal bolus therapy to week 16
Placebo 130 59.8 (11.3) 8.8 (0.9)
Vanderheiden et al. DB 24 Liraglutide 35 52.8 (8.1) 9.0 (1.2) High dose insulin Change in HbAlc
(2016) 1.8 mg regimen to week 24
Placebo 36 55.5 (6.6) 8.9 (1.0)
Linjawi et al. (2017) (0] 26 IDeglira 292 58.3 (9.9) 7.8 (0.6) Metformin and/or Change in HbAlc
(DUAL I11) pioglitazone to week 26
Liraglutide or 146 58.4 (8.8) 7.7 (0.6) + sulfonylurea
Exenatide at
their pre-trial
dose
Pozzilli et al. (2017) DB 28 Dulaglutide 150 60.2 (9.5) 8.4 (0.9) Glargine + metformin Change in HbAlc
(AWARD-9) 1.5mg to week 28
Placebo 150 60.6 (10.1) 8.3 (0.8)

901
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Guja et al. (2018)
(DURATION-7)

Rodbard et al. (2018)
(SUSTAIN-5)
Yang et al. (2018)

(GetGoal-L-C)

Diamant et al. (2014)
(4B Study)

Mathieau et al. (2014)
(BEGIN: VICTOZA ADD-ON)

Rosenstock et al. (2014)
(Harmony 6)
Shao et al. (2014)

Blonde et al. (2015)
(AWARD-4)

FLAT-SUGAR investigators (2016)

Rosenstock et al. (2016)
(GetGoal Duo-2)

Tonneijck et al. (2017)

DB

DB

DB

28

30

24

30

26

26

12

52

26

26

Exenatide LAR 2 mg

Placebo
Semaglutide 0.5 mg

Semaglutide 1 mg
Placebo
Lixisenatide 20 pg

Placebo
Exenatide 10 pg BID

Lispro thrice daily
Liraglutide 1.8 mg

Aspart at largest meal

Albiglutide 30 mg
Lispro thrice daily
Exenatide 10 pg BID

Aspart thrice daily
Dulaglutide 1.5 mg

Dulaglutide 0.75 mg

Glargine titration
Exenatide 5-10 pg

Short acting insulin analogs thrice daily

Lixisenatide 20 pg

Glulisine once daily
Glulisine thrice daily

Lixisenatide 20 pg

Glulisine once daily

231

230
132

131
133
224

224
315

312
88

89
282

281
30
30
295
293
296
52
50
298
298
298
17

18

57.8 (9)

57.6 (10.3)
59.1

58.5
58.8
53.9 (9.9)

56.2 (9.1)
59.8 (9.5)

57.4 (8.9)
61.1 (9.5)

60.9 (8.8)
54.8 (9.1)

8.5 (0.9)

8.5 (0.9)
8.4

83

8.4
7.9 (0.6)

7.9 (0.3)
7.8 (0.6)
7.7 (0.6)
7.8 (0.6)
8.3 (0.2)

7.8 (0.2)

Glargine
+ metformin

Basal insulin
+ metformin
Basal insulin

+ metformin

Glargine
+ metformin

Degludec
+ metformin

Glargine
+ metformin,

pioglitazone, or

both
Glargine

Prandial lispro

+ metformin

Glargine
+ metformin

Glargine
+ metformin

Glargine
+ metformin

Change in HbAlc
to week 28

Change in HbAlc
to week 30

Change in HbAlc
to week 24

Change in HbAlc
to week 30

Change in HbAlc
to week 26

Change in HbAlc
to week 26

HbA1lc at week 12

Change in HbAlc
to week 26

Change in glucose
coefficients of
variation to week
26

Change in HbAlc
to week 26

Change in GFR
and ERPF to week
8

(continued in next page)
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Table 1 - (continued)

Author, year Study Study Study arms Number of Mean age (SD) Baseline HbAlc  Background therapy Primary outcome
(trial name) design duration patients (year) (SD) (%)
(week)

Billings et al. (2018) (0] 32 IDeglira 25,2 58.6 (9.0) 8.2 (0.8) Glargine + metformin  Change in HbAlc
(DUAL VII) to week 26

Glargine and 254 58.0 (8.6) 8.2 (0.8)

Insulin Aspart

four or fewer

times daily
Miya et al. (2018) (0] 12 Lixisenatide 11 66 (8.4) 7.1 (0.5) MDI + oral Change in the

20 pg plus hypoglycemic agents  Diabetes

insulin glargine Treatment

Continuing MDI 15 59.6 (12.8) 7.2 (0.9) Satisfaction

Questionnaire
scores to week 12

Tuttle et al. (2018) () 52 Dulaglutide 192 64.7 (8.8) 8.6 (0.9) Prandial lispro HbAlc at
(AWARD-7) 1.5mg 26 weeks

Dulaglutide 190 64.7 (8.6) 8.6 (1.1)

0.75mg

Glargine 194 64.3 (8.4) 8.6 (1.0)

titration
Yamamoto et al. () 24 Liraglutide 13 60.0 (7.8) 7.3 (1.2) Basal bolus insulin Change in HbAlc
(2018) 0.9 mg and therapy to week 24

basal insulin

Continuing 12 61.5 (10.6) 6.9 (0.8)

basal bolus
insulin therapy

CSII, continuous subcutaneous insulin infusion; DB, double blind; ERPF, effective renal plasma flow; GFR, glomerular filtration rate; MDI, multiple daily injections of insulin; NS, not specified; O, open;
RCTs, randomized controlled trials
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HbA1c change =

Author ES (95% CI) Weight
1: Combination VS placebo/insulin intensification/GLP-1RA |
Buse et al, 2011 . -0.69 (-0.92, -0.46)2.36
De Vries et al, 2012 —_— -0.52 (-0.68, -0.38)2.50
Li et al, 2012 e - — -0.14 (-0.41, 0.13) 2.30
Seino et al, 2012 —_—— : -0.88 (-1.11, -0.65)2.37
Riddle et al, 2013 —— -0.40 (-0.60, -0.20)2.43
Riddle et al, 2013 | —— -0.32 (-0.48, -0.18)2.52
Buse et al, 2014 —_— | -1.10 (-1.35, -0.85)2.33
de Wit el al, 2014 —_— 0.74 (-1.07, 0.41)2.16
Lane et al, 2014 —_—— -0.26 (-0.51, -0.01)2.33
Ahmann et al, 2015 —_— 1 -1.20 (-1.40, -1.00)2.43
Lind et al, 2015 —_— 1 -1.13 (-1.45, 0.81)2.18
Arcds et al, 2018 —_— 1 -0.92 (-1.08, -0.75)2.47
Arcda et al, 2016+ —— -0.50 (-0.80, -0.40)2.57
Gough et al, 2014 —_— -0.84 (-0.77. 0.51)2.54
Gough et al, 2014 —_—— -0.47 (-0.60, -0.34)2.54
Lingvay et al, 2018 —0—: -0.59 (-0.73, -0.45)2.52
Rosenstock et al, 2018 . —— -0.17 (-0.30, -0.04)2.53
Rosenstock et al, 20168 —— | -0.80 (-0.92, -0.68)2.56
Rosenstock et al, 2018* | ——— -0.30 (-0.42, -0.18)2.55
Seino et al, 2018 —— -0.81 (-0.99, 0.63)2.47
Vanderheiden et al, 2018 < T -0.90 (-1.44, 0.38)1.65
Linjawi et al, 2017 —— 1 -0.94 (-1.10, -0.78)2.49
Pozzilli et al, 2017 el | 0.77 (-0.97, 0.57)2.42
Guja et al, 2018 s | 0.73 (-0.93, -0.53)2.43
Roébard et al, 2018* —_— ! -1.35 2-1.66. -1.04;2.19
Rodbard et al, 2018 —— f -1.75 (-2.06, -1.44)2.19
Yang et al, 2018 —_— -0.50 (-0.70, -0.30)2.43
Subtotal (l-squared =91.4%, p =0.000) L i) : -0.71 (-0.82, -0.59)84.47
é: Combination VS basal-plus/basal-bolus :
Diamant et al, 2014 y —— -0.03 (-0.16, 0.10) 2.53
Mathieau et al, 2014 —— 0.32 (0.52, -0.12)2.42
Rosenstock et al, 2014 1 ——t .16 (-0.32, -0.00)2.50
Shao et al, 2014 1 — -0.10 (-0.22, 0.02) 2.58
Blonde et al, 2015 | —— 0.25 (-0.44. -0.06)2.45
Blonde et al, 2015 | —— -0.17 (-0.38, 0.02) 2.45
FLAT-SUGAR investigators, 2018 L — -0.10 (-0. 40 0.20) 2.21
Rosenstock et al, 2018° | — 0.11 (-0.22, 0.00) 2.58
Rosenstock et al, 2018* ! —_— 0.20 (0.08, 0.34) 2.53
quneijdc et al, 2017 : —_—— -0.02(-0.26, 0.32) 2.13
Bn]lmgs et al, 2018 X —_— -0.02(-0.16, 0.12) 2.53
Miya et al, 2018 X X _r 0.09 (0.10,0.28) 2.45
Tuttle et al, 2018 | -0.05 (-0.30, 0.20) 2.33
Tuttle et al, 2018 | —-Io-— 0.02(-0.22,0.26) 2.34
Yamamoto et al, 2018 L -0.60 (-1.19, -0.01)1.55
Subtotal (l-squared = 58.7%, p =0.002) 1 -0.08 (-0.15, -0.00)35.53
. 1
Overall (l-squared = 94.2%, p = 0.000) - -0.49 (-0.81, -0.38)100.00

1
NOTE: Weights are from random effects analysis |

| | | | |
-2 -15 -1 -5 0 5

favors combo

favors control

Fig. 2 - Forest plots of meta-analysis for HbA1lc change from baseline in all 42 comparisons. There are 27 comparisons of

combo vs placebo/insulin intensification/GLP-1RA, and 15 comparisons of combo versus basal-plus/basal-bolus. The results
are expressed as WMD (HbA1c decrease in the combo arms minus HbA1c decrease in the comparator arms). Effect size (ES)
< 0 favours combo; ES > 0 favours comparator therapy. For each estimate, the grey shaded area is the weight of the estimate in

proportion to the overall effect.

received industry funding [19-27,29-45,47-52]; six studies
[21,22,36,46,53,54] focused on Asian population. All trials were
of parallel-group design, 14 were double-blind [19,22-25,29-3
1,36-37,39-42] and the remaining utilised an open-label
design. The trials had a duration ranging from 8 to 52 weeks.

Trials’ design were different: 24 trials, with 27 compar-
isons, compared the combo with placebo [19-20,22-24,29-31,
36-37,39-42] or insulin intensification [21,25-28,32-35] or
GLP-1RA alone [38] on a background of basal insulin therapy;

12 trials, with 15 comparisons, compared the combo with a
basal plus insulin regimen (one injection of basal insulin plus
one injection of a rapid acting analog at the largest meal)
[44,49,50] or with a basal bolus insulin regimen (one injection
of basal insulin plus three injections of a rapid acting analog
before meals) [43-49,51-54]. Fourteen trials [19,22-24,32,34,35
,42,43,46,48-50,53], with 16 comparisons, used a short-acting
GLP-1RA (4 exenatide, and 10 lixisenatide), and 22 trials
[20,21,25-31,33,36-41,44,45,47,51,52,54], with 26 comparisons,
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Table 2 - Pre-planned subgroup analysis

Parameter Comparisons Patients Controls Estimate (95% CI) p-value I? p-value
of Q test
HbA1c (%) WMD
Combination therapy of insulin and GLP-1RA
Vs placebo/intensification/GLP-1RA 27 5196 4965 —-0.71 (-0.82, —0.59) <0.001 91.4 <0.001
Vs Basal-plus/Basal-bolus 15 2328 2147 —0.08 (—0.15, —0.01) 0.038 58.7 0.002
Combo with short-acting GLP-1RA 16 2786 3147 —0.29 (—0.44, —0.14) <0.001 93.7 <0.001
Combo with long-acting GLP-1RA 26 4738 3965 —0.63 (-0.78, —0.47) <0.001 93.3 <0.001
All trials 42 7524 7112 —0.49 (-0.61, —0.38) <0.001 94.2 <0.001
HbAlc< 7% RR
Combination therapy of insulin and GLP-1RA
Vs placebo/intensification/GLP-1RA 27 5196 4965 2.23 (1.88, 2.65) <0.001 93.5 <0.001
Vs Basal-plus/Basal-bolus 10 2205 2022 1.07 (0.99, 1.15) 0.077 15.3 0.302
Combo with short-acting GLP-1RA 12 2676 3034 1.57 (1.28, 1.93) <0.001 924 <0.001
Combo with long-acting GLP-1RA 25 4725 3953 1.91 (1.61, 2.27) <0.001 92.1 <0.001
All trials 37 7401 6987 1.77 (1.56, 2.01) <0.001 92.1 <0.001
Hypoglycemia RR
Combination therapy of insulin and GLP-1RA
Vs placebo/intensification/GLP-1RA 25 5111 4889 1.26 (1.06, 1.49) 0.008 82.2 <0.001
Vs Basal-plus/Basal-bolus 10 1628 1735 0.64 (0.52, 0.79) <0.001 82.0 <0.001
Combo with short-acting GLP-1RA 15 2775 3132 1.02 (0.81, 1.28) 0.866 84.8 <0.001
Combo with long-acting GLP-1RA 20 3964 3492 1.04 (0.85, 1.27) 0.733 87.6 <0.001
All trials 35 6739 6624 1.03 (0.88, 1.19) 0.728 86.4 <0.001
Weight (Kg) WMD
Combination therapy of insulin and GLP-1RA
Vs placebo/intensification/GLP-1RA 26 5022 4793 -1.8 (—2.6, —1.1) <0.001 97.1 <0.001
Vs Basal-plus/Basal-bolus 15 2328 2147 —3.6 (—4.5, —2.7) <0.001 92.5 <0.001
Combo with short-acting GLP-1RA 16 2786 3147 -2.2(-3.1, —1.4) <0.001 96.0 <0.001
Combo with long-acting GLP-1RA 25 4564 3793 —2.7 (3.6, —1.7) <0.001 97.2 <0.001
All trials 41 7350 6940 -2.5(-3.1, —1.8) <0.001 96.8 <0.001

RR, relative risk; WMD, weighted mean difference.

used a long-acting GLP-1RA (16 liraglutide, 3 dulaglutide, 1
albiglutide, 1 exenatide LAR, and 1 semaglutide). Eight trials
[25,27,32-35,38,52], with 9 comparisons, used a fixed ratio
combination of GLP-1RA and insulin (5 IDeglira, and the
remaining 3 IGlarLixi). Except for 4 trials [26,48,50,53], the pri-
mary outcome of the included studies was change in HbAlc
to the end of trial.

The participants in all trials were adults (>18 years old)
with type 2 diabetes; only one study [51] included patients
with moderate-severe kidney disease. Mean patients’ age ran-
ged from 42 to 66 years, and mean baseline HbA1lc levels ran-
ged from 6.9% to 9.0%, with a median of 8.3% (IQR 7.8-8.5%) in
the intervention groups and 8.2% (IQR 7.7-8.5%) in the com-
parator groups.

3.2. Intervention

All the RCTs evaluated a total of 14,636 type 2 diabetic
patients for the primary outcome of this meta-analysis
(change in HbA1lc at the end of trial), 7524 in the intervention
groups and 7112 in the comparator groups. Six trials
[19,20,23,36,39,41] tested the superiority of the combo over
placebo, eight trials [22,24,29,30,31,37,40,42] compared the
combo with placebo, three trials [21,26,28] compared the
combo with insulin intensification; four trials [43,47,49,51]
tested the non inferiority of the combo, one trial [54] tested
the superiority, and six trials [44-46,48,50,53] compared the
combo with intensified insulin regimens (basal plus or basal

bolus). Two trials [25,38] tested the superiority, and six trials
[27,32,33,34,35,52] tested the non inferiority of the fixed ratio
combination of GLP-1RA and insulin over basal insulin inten-
sification or GLP-1RA alone or basal bolus therapy.

3.3.  Risk of bias

According to the Cochrane Collaboration’s tool for assessing
risk of bias, selection bias was evaluated as unclear in all tri-
als for allocation concealment; performance bias was evalu-
ated as high in 22 trials for blinding of participants and
personnel; detection bias was evaluated as high in 22 trials
and unclear in 13 trials for blinding of outcome assessment
(Supplementary Fig. 1, Supplementary Table 3).

3.4. Outcomes

In the meta-analysis of 42 comparisons for HbAlc change, the
combo was associated with a significant 0.49% mean reduc-
tion (95% CI —0.61 to —0.38%, P < 0.001) compared with other
injectable therapy, with high heterogeneity between studies
(1= 94.2%, P < 0.001) (Fig. 2, Table 2), and no evidence of pub-
lication bias (Egger test, P=0.078). Based on the GRADE
approach, the quality of the evidence for this outcome was
considered moderate due to the inconsistency of the results
in this analysis (Supplementary Table 5). Pre-planned sub-
group analysis showed that the greatest reduction in HbAlc
levels was obtained when the combo was compared with pla-
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cebo/insulin  intensification/GLP-1RA (27 comparisons,
—0.71%, 95% CI —0.82 to —0.59%, P <0.001) (Fig. 2, Table 2).
The mean reduction of HbAlc ranged from —0.84% in the
comparisons of combo with placebo, to —0.46% in the com-
parisons of combo with insulin intensification; heterogeneity
was high in all subgroup analyses (Supplementary Table 4). In
the 15 comparisons between the combo versus basal-plus/
basal-bolus, the difference for HbAlc was lowest (-0.08%,
95% CI, -0.15% to —0.01, P=0.038), with heterogeneity
(1* =58.7%, P <0.001) (Fig. 2, Table 2). The mean reduction of
HbAlc was —0.29% for combo with short-acting GLP-1RA,
and —0.63% for combo with long-acting GLP1-RA; heterogene-
ity remained high in both subgroup analyses (Table 2).

The overall analysis of 37 comparisons that evaluated the
proportion of patients achieving an HbAlc target < 7% at the
end of intervention showed a 77% higher likelihood of reach-
ing this glycemic goal in patients using the combo, as com-
pared with those using other injectable treatment (RR=1.77,
95% CI 1.56-2.01, P<0.001), with high heterogeneity
(1=92.1%, P < 0.001), and evidence of publication bias (Egger
test, P < 0.001) (Table 2, Supplementary Fig. 2). The trim-and-
fill method indicated that this publication bias minimally
reduced the estimate (1.35, 95%CI 1.18-1.54), without chang-
ing its statistical significance (P < 0.001). Based on the GRADE
approach, the overall quality of evidence was low (due to the
inconsistency of the results, publication bias and some
imprecision of the results) (Supplementary Table 5). The like-
lihood to reach the HbA1lc was highest when the combo was
compared with placebo/insulin intensification/GLP-1RA
(RR=2.23, 95% CI 1.88, 2.65, P < 0.001), whereas no difference
was found between the combo versus basal-plus/basal-bolus
(RR=1.07,95% CI 0.99, 1.15, P = 0.302) (Table 2, Supplementary
Fig. 2). As expected, the RR relative to HbAlc target < 7% was
highest when the combo was compared with placebo
(RR =3.34, 95%CI 2.51, 4.45, P <0.001) and lowest when the
combo was compared to insulin intensification (RR =1.44,
95% CI 1.21, 1.72, P < 0.001); heterogeneity was high in all sub-
group analyses (Supplementary Table 4). Compared with con-
trol subjects, patients using short- or long-acting GLP-1RA
showed a 57% and 91% increase in likelihood of achieving
the HbAlc target, respectively (Table 2). Heterogeneity was
high in all subgroups analysis, except for the 10 comparisons
between the combo versus complex insulin regimen (basal
plus or basal bolus) (Table 2).

The overall analysis of 35 comparisons that assessed the
risk of any hypoglycemic events during treatment showed
no significant difference in the RR of hypoglycemia when
the combo was compared with other injectable treatment
(RR=1.03,95% CI 0.88, 1.19, P = 0.728) (Table 2, Supplementary
Fig. 3), with high heterogeneity (I* = 86.4%, P < 0.001), and evi-
dence of publication bias (Egger test, P = 0.031). At the trim-
and-fill test, this publication bias did not change the statisti-
cal significance of the estimate (0.87, 95% CI 0.74-1.02). Based
on the GRADE approach, the overall quality of evidence was
low (due to the inconsistency of the results, publication bias
and some imprecision of the results) (Supplementary Table 5).
There was a significant 26% increase in the RR of hypo-
glycemia when the combo was compared with placebo/insu-
lin intensification/GLP-1RA (RR 1.26, 95% CI 1.06, 1.49,
P =0.008), which was highest in the comparisons between

the combo and placebo (RR 1.33, 95% CI 1.12, 1.58, P = 0.001)
(Supplementary Table 4), whereas a significant lower risk of
36% was found when the combo was compared with intensi-
fied insulin regimen (RR 0.64, 95% CI 0.52, 0.79, P <0.001)
(Table 2, Supplementary Fig. 3). No significant difference in
the risk of hypoglycaemia was found with the use of short-
or long-GLP-1RA, compared with their respective control
arms. Heterogeneity was high for all subgroup comparisons
(Table 2, Supplementary Fig. 3).

In the overall analysis of 41 comparisons, the combo led to
a greater weight reduction, as compared with control treat-
ment regimens (—2.5 Kg, 95% CI —3.1 to —1.8 Kg, P <0.001)
(Table 2, Supplementary Fig. 4), with high heterogeneity
(1* = 96.8%, P < 0.001), and evidence of publication bias (Egger
test, P =0.001); the trim and fill method indicated that this
publication bias did not change the estimate. Based on the
GRADE approach, the overall quality of evidence was low
(due to the inconsistency of the results and suspected publi-
cation bias) (Supplementary Table 5). The highest decrease
in the mean difference of body weight was observed when
the combo was compared with basal-plus/basal-bolus insulin
regimens (—3.6 kg, 95% CI —4.5 to —2.7 kg, P <0.001), and the
lowest decrease was observed between the combo versus pla-
cebo/insulin intensification/GLP-1RA (—1.8 Kg, 95% CI —2.6 to
—1.1, P<0.001) (Table 2, Supplementary Fig. 4). Compared
with GLP-1RA, the combo led to a mean body weight increase
of 2.4 Kg (P < 0.001) (Supplementary Table S4). Moreover, both
short- and long- GLP-1RAs produced a similar reduction of
body weight (—2.2 kg and —2.7 kg, respectively). Heterogeneity
was high for all subgroup comparison (Table 2).

4, Discussion

To our knowledge, this meta-analysis represents the most
completed and up to date analysis of RCTs involving 14,636
type 2 diabetic patients. The combination therapy of insulin
and GLP-1RA significantly improved glycemic control in terms
of HbAlc reduction and number of patients at target
(HbAlc < 7%), with weight loss and similar hypoglycemic risk
compared with other injectable therapy, although these find-
ings are influenced by a low quality of evidence for most of
the considered outcomes. Specifically, the combo led to a
higher reduction in HbAlc, with more patients at HbAlc tar-
get of 7%, higher risk of hypoglycemia and reduction in
weight when compared to placebo, insulin up-titration or
GLP-RA alone, and was as effective as insulin regimens, with
less hypoglycemia and reduction in weight. In the past two
years, ten new studies comparing the addition of a GLP-1RA
to insulin versus alternative injectable therapy have been
published [38-42,50-54]; among these, five studies evaluated
the effects of the combo in comparison with GLP-1RA alone
[38] or basal insulin up-titration [39-41], or placebo after opti-
mization of basal insulin therapy [42]; the remaining five
studies compared the combo with a basal plus [50] or a basal
bolus insulin regimen [51-54]. The inclusion of these trials in
the qualitative synthesis with additional 3211 patients led to
results similar to those coming from our previous meta-
analysis [10]. However, based on the low quality of the col-
lected evidence, our confidence in the effect estimate is lim-
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ited: the true effect may be substantially different from the
estimate of the effect. The better metabolic effects provided
by the combo in comparison with placebo or the intensifica-
tion of its single components (mainly insulin up-titration)
was not surprising; however, the combo led to a similar level
of glycemic control than that offered by intensified regimens
of insulin therapy (basal plus or basal bolus), with a lower risk
of hypoglycemia (—36%) and weight loss (—3.6 Kg). Globally,
our results support the role of GLP-1RA combined with insulin
as a valuable intensification strategy to produce clinical ben-
efit in the management of type 2 diabetes. Interestingly, the
updated Consensus Report by the American Diabetes Associ-
ation and the European Association for the Study of Diabetes
suggest to intensify treatment with GLP-1RA, among other
drugs including SGLT-2 inhibitors or prandial insulin, in
patients who are unable to maintain glycemic targets on basal
insulin in combination with oral medications [55].

Due to the progressive nature of the disease, many
patients with type 2 diabetes require insulin to reach their
glycemic target. A common approach to start insulin therapy
is a single injection of a basal insulin, eventually up-titrated
to optimize treatment [1]. If needed, further intensification
of insulin therapy to achieve glycemic goals may include the
addition of one or more doses of premeal rapid-acting insulin
analogues to ongoing basal insulin (basal plus or basal bolus,
respectively), or switching to a premixed insulin regimen, in
which there is a fixed amount of intermediate-acting and
short- or rapid-acting insulin. Although these intensified
insulin regimens lead to similar decrease in HbAlc levels
[56,57], some reluctance to intensify insulin therapy often
exists, due to potential adverse effects (i.e., increased hypo-
glycemia and weight gain) and practical concerns (i.e., patient
anxiety about insulin, difficulties in educating patients about
injection therapy). In this context, adding GLP-1RA to insulin
may provide a novel and valid therapeutic option to improve
glycemic control minimizing the adverse events associated
with insulin intensification.

GLP-1RAs that received the U.S. Food and Drug Adminis-
tration approval for use in combination with insulin include
the short-acting exenatide and lixisenatide, and the long-
acting liraglutide, exenatide extended release, albiglutide,
dulaglutide, and semaglutide; except for liraglutide, all the
long-acting GLP-1RAs are administered once weekly due to
their prolonged half-life (from 90 h to several days). Moreover,
there are currently two approved combination products con-
taining fixed doses of long-acting insulins and GLP-1RA
(fixed-ratio combo): IDeglira, a combination of insulin deglu-
dec (IDeg) and the long-acting GLP-1 analog liraglutide, and
iGlarLixi, a combination of insulin glargine (IGlar) and the
short-acting GLP-1RA lixisenatide [58]. The short acting com-
pounds exert their effects predominantly on post-prandial
glucose, according to their ability in slowing gastric emptying,
that is strictly correlated with the phasic activation of the
GLP-1 receptor [59]. On the other hand, long-acting GLP-
1RAs, which activate the GLP-1 receptor continuously, show
a more pronounced insulinotropic effect, providing glycemic
control by reducing fasting glucose and, consequently, hyper-
glycemia during the entire day [59]. In the subgroup analysis
comparing the combo with short-acting GLP-1RAs and long-
acting GLP-1RAs, we observed a 0.29% and 0.63% decrease in

HbAlc with short- and long-acting GLP-1RAs, respectively,
with a similar weight loss (—2.2 Kg and —2.7 Kg). These results
are in line with the expected overall effects provided by both
short- and long-acting GLP-1RAs. Moreover, other variables
influencing glycemic control include difference in baseline
HbA1c levels, previous use of other oral agents, different def-
initions of hypoglycemia, presence or absence of run-in per-
iod, and the different duration of the trials. In an indirect
comparison of the relative treatment effects between IDeglLira
and IGlarLixi in type 2 diabetic patients not well controlled on
basal insulin therapy [60], IDegLira led to a greater reduction
of HbAlc (—0.44%) and body weight (—1.42 Kg) compared with
iGlarLixi, at similar insulin doses. However, there are no head-
to-head trials comparing short- and long-acting GLP-1RAs in
addition to insulin therapy in type 2 diabetes.

The most frequent schedule of combination therapy gen-
erally consists of a basal insulin associated with a short-
acting GLP-1RA or the once daily-administered liraglutide,
as separate preparations of each component (free or flexible
combo) or as a fixed ratio combo. There is evidence from a
recent meta-analysis of 11 RCTs that the two combo strate-
gies (free- and fixed-ratio combo) lead to similar results in
terms of HbA1lc decrease, body weight reduction, and risk of
hypoglycaemia, when compared with up-titration of basal
insulin therapy [61].

Other emerging therapeutic schedules include the use of a
once-weekly GLP-1RA added to a single injection of a long-
acting insulin analog [39-41,45] or to multiple injections of a
short-acting insulin analog before meals [47,51]. The addition
of long-acting GLP-1 RAs could be particularly useful when
fasting glucose target is not achieved with basal insulin, and
improvements of both fasting and post-prandial glucose are
required. In this context, the use of a GLP-1RAs administered
once weekly offers the advantage of avoiding additional daily
injections other than basal insulin. On the other hand, the
addition of a once weekly GLP-1RA to meal-time insulin rep-
resents an effective treatment option for type 2 diabetic
patients who need intensification of therapy, without increas-
ing the number of daily injections [47,51].

Main strengths of our work are related to the comprehen-
sive systematic search that included all the RCTs published
until March 2019, the double-checking of data extraction,
the conduction of pre-planned sub-group analyses, and the
inclusion of a significant number of studies of high quality
(18 out 36).

Some limitations need also to be acknowledged. The high
degree of between-study heterogeneity and the evidence of
publication bias for three outcomes (proportion of patients
at target, risk of hypoglycemia, and weight change) may limit
the generalizability of the results. Using the GRADE approach,
we assessed the certainty of the evidence to be moderate or
low for the outcomes of interest, mainly based on the incon-
sistency of the results, reducing the strength of inference we
can make from the results. The reasons for the high hetero-
geneity may be related to the intrinsic characteristics of the
included studies, namely clinical features of participants in
the studies, the different comparator therapies included, the
GLP-1RA preparations used, the background therapy, and
the trials’ design. Moreover, most studies were sponsored by
industry (31 out 36), had too short duration to assess long-
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term effects of the combo, and used an open-label design (22
out 36).

Combination therapy of GLP-1RA and insulin could repre-
sent a valuable treatment strategy to improve metabolic con-
trol in the management of type 2 diabetes. This combination
presents a higher efficacy associated with a slight increase of
hypoglycemia and weight loss when compared with other
injectable therapy (insulin up-titration or GLP-1RA alone),
and similar efficacy when compared with insulin regimens
(basal-plus or basal-bolus), with low risk of hypoglycemic
events and more weight loss. Further studies with longer
follow-up are needed to assess the durability, tolerability,
and progression to diabetes complications.
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