
Frontiers in Endocrinology

OPEN ACCESS

EDITED BY

Valentino Cherubini,
Azienda Ospedaliero Universitaria
Ospedali Riuniti, Italy

REVIEWED BY

Rui Wang,
Karolinska Institutet (KI), Sweden
Chak Balijepalli,
Pharmalytics Group Inc., Canada

*CORRESPONDENCE

Hongkai Li
lihongkaiyouxiang@163.com
Fuzhong Xue
xuefzh@sdu.edu.cn
Yunxia Liu
yunxialiu@163.com

SPECIALTY SECTION

This article was submitted to
Pediatric Endocrinology,
a section of the journal
Frontiers in Endocrinology

RECEIVED 16 March 2022

ACCEPTED 04 July 2022

PUBLISHED 11 August 2022

CITATION

Wu S, He Y, Wu Y, Ji Y, Hou L, Liu X,
Ge Y, Yu Y, Yu Y, Wei Y, Qian F,
Luo Q, Feng Y, Feng Y, Wang J,
Huo M, Li H, Xue F and Liu Y (2022)
Comparative efficacy and safety of
glucose -lowering drugs in children
and adolescents with type 2
diabetes: A systematic review and
network meta-analysis.
Front. Endocrinol. 13:897776.
doi: 10.3389/fendo.2022.897776

COPYRIGHT

© 2022 Wu, He, Wu, Ji, Hou, Liu, Ge,
Yu, Yu, Wei, Qian, Luo, Feng, Feng,
Wang, Huo, Li, Xue and Liu. This is an
open-access article distributed under
the terms of the Creative Commons
Attribution License (CC BY). The use,
distribution or reproduction in other
forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the
original publication in this journal is
cited, in accordance with accepted
academic practice. No use,
distribution or reproduction is
permitted which does not comply with
these terms.

TYPE Systematic Review
PUBLISHED 11 August 2022

DOI 10.3389/fendo.2022.897776
Comparative efficacy and
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and adolescents with type 2
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and network meta-analysis
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Fengtong Qian1,2, Qingxin Luo1,2, Yue Feng1,2, Yiping Feng1,2,
Jiongjiong Wang1,2, Meiling Huo3, Hongkai Li1,2*,
Fuzhong Xue1,2* and Yunxia Liu1,2*

1Department of Biostatistics, School of Public Health, Cheeloo College of Medicine, Shandong
University, Jinan, China, 2Institute for Medical Dataology, Cheeloo College of Medicine, Shandong
University, Jinan, China, 3Qilu Children’s Hospital of Shandong University, Jinan, China
Objective: Type 2 diabetes is more common in adults, but is becoming the

major concern in children and adolescent recently. This study aimed to provide

additional pharmaceutical management for children and adolescents with type

2 diabetes by assessing the efficacy and safety of several glucose-

lowering drugs.

Methods: Searches were performed in PubMed, Medline, Ovid, Cochrane

Controlled Register of Trials (CENTRAL), and ClinicalTrials.gov that reported

the efficacy and safety of drugs for children and adolescents with type 2

diabetes. Pooled effects were calculated by frequentist fixed effects network

meta-analyses and additive network meta-analyses.

Results: A total of 12 trials assessing eight glucose-lowering drugs were

included, which compose of seven trials with monotherapy and five trials

with combination therapies. Network meta-analysis results showed

compared to placebo, saxagliptin+metformin (mean difference (MD) -1.91%

[-2.85%, -0.97%]), liraglutide+metformin (MD -1.45% [-1.65%, -1.26%]), and

liraglutide (MD -0.90% [-1.35%, -0.45%]) were the top 3 drugs that

significantly reduced hemoglobin A1c (HbA1c). Sitagliptin+metformin,

dapagliflozin, exenatide-2mcg, linagliptin-5mg, metformin, exenatide-5/

10mcg, glimepiride, and sitagliptin also showed significant reduction
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in HbA1c. There were no significant differences between treatments in the

incidence of adverse events, except that liraglutide+metformin had significant

adverse effect such as abdominal pain. In addition, dapagliflozin, sitagliptin

+metformin, and saxagliptin+metformin showed better efficacy compared

with FDA-approved drugs.

Conclusions: The top 10 treatments of type 2 diabetes in children and

ado lescen t s aged 10–17 yea r s were saxag l i p t i n+met fo rmin ,

liraglutide+metformin, liraglutide, dapagliflozin, exenatide–2 mcg,

sitagliptin+metformin, linagliptin–5 mg, linagliptin–1 mg, metformin, and

exenatide–5/10 mcg.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/

display_record.php?RecordID=284897, identifier CRD42021284897.
KEYWORDS

systematic review & meta-analysis, glucose-lowering drugs, frequentist network
meta- analysis, adolescents, glycosylated hemoglobin A1c, type 2 diabetes
1 Introduction

Type 2 diabetes has become a major concern in children and

adolescents recently (1). Family history and genetics, lifestyle

including diet, exercise, and weight management play important

roles in type 2 diabetes development. From 2007 to 2017, the

incidence of type 2 diabetes among children and adolescents

increased significantly, with an overall annual increase of 4.8%

(2, 3). Epidemiological studies have showed that in the US, the

estimated prevalence of diabetes among children and

adolescents increased significantly for type 2 diabetes (4). In

Asian, countries, the incidence of type 2 diabetes in youth is even

higher than that of type 1 diabetes (5). studies indicated that over

85% of children with type 2 diabetes are overweight or obese at

diagnosis (6, 7). More importantly, among people diagnosed

with type 2 diabetes in childhood, the risk of complications

including hyperglycemia, hypertension, and dyslipidemia

increased steadily over time (8, 9).

Management of children and adolescents with type 2

diabetes typically includes healthy lifestyle modification and

pharmaceutical intervention. So far, the US Food and Drug

Administration (FDA) has approved four medications for the

treatment of children and adolescents with type 2 diabetes:

metformin, liraglutide, exenatide, and insulin; however, all of

them have some adverse reactions. Metformin is a first-line

pharmaceutical agent to lower high blood sugar levels for

children and adolescents with type 2 diabetes, especially for

overweight patients (10). Metformin works by lowering the

amount of glucose absorbed from intestines, decreasing how

much glucose is made in the liver and improving insulin
02
sensitivity. Gastrointestinal intolerance, including abdominal

discomfort, nausea, and diarrhea, is the major concern of its

safety (11). Both liraglutide and exenatide are glucagon-like

peptide (GLP-1) analogue agents. Liraglutide, which was

approved by the FDA in 2019, is effective in reducing blood

glucose, while avoiding hypoglycemia and weight gain (12). It

has been demonstrated that the addition of liraglutide to

metformin in adolescents can effectively improve glucose

control (13). Exenatide was approved by the FDA in July 2021

for the treatment alone or in combination with metformin. It is a

once-weekly injection, which has positive effects on glucose

control, weight management, and heart health (14). Similarly,

the most commonly reported adverse events of GLP-1 analogue

agents were notably nausea, vomiting, and diarrhea. Glimepiride

is a potent sulfonylurea and can be used alone, in combination

with other glucose-lowering agents, or with diet and exercise to

improve blood sugar control in patients with type 2 diabetes

(15). It has been demonstrated that glimepiride can reduce

HbA1c similarly to metformin with greater weight gain and

comparable safety (16). It’s worth noting that the last three

drugs, all can be used in combination with metformin and that

the primary purpose of all medications is to lower blood sugar

levels. Therefore, it is urgent to develop pharmaceutical

management options for children and adolescents with type 2

diabetes to better control glucose level, reduce the occurrence of

adverse reactions and prevent long-term and even life-

threatening complications.

Compared to wide optional agents for adults, children and

adolescents have limited options, as previously mentioned.

Given the increasing numbers of children and adolescents with
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type 2 diabetes, more optional pharmaceutical agents for them

will afford more beneficial effects on glucose control, reduce the

occurrence of adverse reactions and prevent the complications

associated with type 2 diabetes. In addition, there are few head-

to-head drug comparation for children and adolescents with

type 2 diabetes. Therefore, this systematic review and network

meta-analysis aimed to show the current ranking of medications

used for the treatment of children and adolescents with type 2

diabetes and provide additional pharmaceutical management by

assessing the efficacy and safety of several glucose-

lowering drugs.
2 Material and methods

2.1 Search strategy

We registered the protocol in PROSPERO (CRD42021284897),

and report our methods and results according to the Preferred

Reporting Items for Systematic Reviews and Meta-analyses

extension statement for network meta-analyses. We searched

PubMed, Medline, Ovid, CENTRAL, and ClinicalTrials.gov from

inception through 15 September 2021 without language restrictions

with CADTH filters. The detailed search strategies are given in the

Supplementary Material S1. Moreover, the reference lists from the

retrieved articles, systematic reviews, and meta-analyses were

checked to search for further releva0nt studies.
2.2 Selection criteria and
eligibility criteria

Inclusion criteria were shown as follows: 1) Study design:

randomized clinical trials (RCTs) were included; 2) Population:

studies were conducted among populations aged less than 17

years with type 2 diabetes, studies including patients with other

chronic diseases were excluded; 3) Intervention: studies

containing two or more different drugs (including placebo)

were eligible for inclusion; 4) Outcomes: studies that reported

both the change of HbA1c and the percentage of patients with

adverse events after intervention compared with the control

group were included. In order to further evaluate the efficacy and

safety of drugs, we also considered the change in fasting plasma

glucose (FPG) from baseline, the percentage of patients

achieving HbA1c goals of ≤ 6.5% and < 7% as secondary

efficacy outcomes, as well as gastrointestinal disorders,

hyperglycemia, and hypoglycemia as secondary safety outcomes.

Records identified in the updated search were screened for

eligibility by two independent reviewers (XL and YG) and any

disagreements were resolved through discussion with another

reviewer (FQ).
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2.3 Data extraction

For each eligible study, two reviewers (Sijia Wu and Yina

He) independently extracted the following variables: study

characteristics (year of publication, country, intervention

duration), study design (RCTs), population characteristics

(setting, sample size, demographic characteristics, diagnostic

criteria for type 2 diabetes), interventions (drug name, dose),

and outcomes (primary outcomes and secondary outcomes).

The reviewers resolved disagreements through discussion or

consultation with a third reviewer (Yutong Wu). Finally, all

extracted information was stored in an excel spreadsheet.
2.4 Risk of bias assessment

Two reviewers (Sijia Wu and Yina He) independently

assessed the risk of bias of included studies using the risk of

bias assessment tool from the Cochrane Collaboration, including

random sequence generation, allocation concealment, blinding,

missing outcome data, and selective reporting of outcomes (17).

Each domain was judged as low, unclear, or high risk of bias.

Any disagreements were adjudicated by a third reviewer

(Yutong Wu).
2.5 Data synthesis

Initially, we explored the transitivity assumption of the

network meta-analysis by comparing the distributions of

potential effect modifiers across treatment comparisons (age,

baseline HbA1c level, baseline weight, and baseline BMI). We

performed frequentist network meta-analysis and calculated the

MD and its 95% confidence interval (CIs) of changes in HbA1c/

FPG levels, as well as the odds ratio (OR) and its 95% CIs of the

dichotomous outcomes. For quantification of heterogeneity,

Cochran’s Q statistic was considered. We decided whether to

use a fixed effects model or a random effects model according to

the Cochran’s Q statistic. We assessed consistency in networks

both locally by comparing the direct with indirect evidence and,

globally, with the design-by-treatment interaction model (18,

19). Treatment ranking was calculated according to P-scores,

which were based solely on the point estimates and standard

errors of the network meta-analysis estimates. These scores

measure the extent of certainty that one treatment is better

than another and are the average of all competitive treatments

(20). The presence of publication bias was assessed by funnel

plots. Additionally, Begg’s and Egger’s regression tests were

performed to detect small study effects (21).

Since most of the interventions or control groups included in

the study were combinations of other treatments or had

common components, we also used an additive network meta-
frontiersin.org
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analysis model in addition to the fixed effect model commonly

used in the past. The additive model assumes that the effect of a

treatment combined of two components A and B is the sum of

the effects of A and B, which implies that in comparisons equal

components cancel out, then the influence of individual

components can be evaluated (22).

We also planned to perform sensitivity analysis and

subgroup analysis. The first sensitivity analysis used only

studies with a low risk of bias. Meanwhile, we also used

Bayesian fixed effects network meta-analysis as another

sensitivity analysis to verify our results. If new problems were

found in subsequent analyses, more sensitivity analyses would be

performed. We found that all of the drugs compared in the study

were monotherapy or monotherapy plus metformin, so in the

subgroup analysis, all treatments were divided into monotherapy

and combination groups and compared the results with previous

results to determine whether they were consistent.
Frontiers in Endocrinology 04
3 Results

3.1 Baseline characteristics

A total of 12 studies (1,237 patients) were included in the

systematic review and network meta-analysis, including eight

published articles (16, 23–29) and four clinical trials. The

detailed selection process was shown in Figure 1. The

characteristics of the included studies are presented in Table 1.

The study period of all studies was less than 6 months. Ten

studies were double-blind, one was single-blind and one was

quadruple. Ten studies provided the mean age of patients,

ranging from 13.6 to 16 years. Seven studies provided HbA1c

levels at baseline of the patients, ranging from 7.5% to 9%. Eight

studies provided the mean weight at baseline of patients ranging

from 79.8 kg to 114.2 kg and the mean BMI at baseline ranging

from 30 kg/m2 to 40 kg/m2. Based on the distribution of
FIGURE 1

Flow Diagram.
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potential effect modifiers (age, baseline HbA1c level, baseline

weight and baseline BMI) in all treatment comparisons, the

levels of potential effect modifiers were consistent in all studies

except for Klein DJ study’s (24) weight and BMI (Figures a1–a4).

Further research would be carried out in the sensitivity analysis.
Frontiers in Endocrinology 05
3.2 Risk of bias assessment

Risk of bias assessment of the included studies was shown in

Supplemental Material S2. One study (26) was judged to have a

high risk of bias in measurement of the outcome. Two studies
TABLE 1 Characteristic of included studies.

Author/NCT
number

Blinding
setting

Study
period
(weeks)

Interventions Sample
N/F/M

Mean age
(years)

BaselineHbA1c
(%)

BaselineWeight
(kg)

BaselineBMI
(kg/m2)

NCT00658021 double blind 28 Exenatide
–5mcg

42/31/11 14 ± 1.91 6.5-10.5 – –

Exenatide–10
mcg

38/22/16 – –

Placebo 42/29/13 – –

NCT01204775 double blind 16 Saxagliptin
+Metformin

4/1/3 10-17 7-10.5 – –

Placebo 4/3/1 – –

NCT01434186 double blind 16 Saxagliptin
+Metformin

4/4/0 10-17 7-10.5 – –

Metformin 2/2/0 – –

NCT01554618 double blind 24 Exenatide–2 mcg 58/31/27 15.1 ± 1.84 6.5-12 – –

Placebo 24/17/7 – –

Jones KL, 2002 (25) double blind 8 Metformin 42/30/12 13.9
± 1.8

8.3
± 1.3

92.8
± 31.8

34.2
± 10.6

Placebo 40/27/13 13.6
± 1.8

9.0
± 1.4

90.3
± 38.1

33.9
± 12.7

Gottschalk M, 2007
(16)

single blind 24 Glimepiride 132/88/44 13.8
± 2.3

8.53
± 1.58

82.60
± 25.60

31.57
± 8.48

Metformin 131/87/44 83.83
± 27.47

31.60
± 8.17

David J Klein, 2014
(24)

double blind 5 Liraglutide 14/9/5 14.4 8.3 112.7 40.0

Placebo 7/5/2 15.6 7.8 114.2 39.9

William V
Tamborlane, 2018
(23)

double blind 12 Linagliptin–1 mg 10/4/6 14.0
± 1.9

7.86
± 0.95

79.8
± 22.2

30.3
± 6.8Linagliptin–5 mg 14/9/5

Placebo 15/8/7

Tamborlane WV,
2019 (26)

double blind 26 Liraglutide
+Metformin

66/41/25 14.57
± 1.72

7.78
± 1.34

91.5
± 26.8

33.9
± 9.25

Metformin 68/42/26

Tamborlane WV,
2022 (29)

double blind 24 Dapagliflozin 39/24/15 16.0
± 3.3

6.5-11 90.7
± 28.5

32.4
± 8.1Placebo 31/19/12

Jalaludin MY, 2022
(27)

quadruple 20 Sitagliptin
+Metformin

62/41/21 14.4
± 1.9

8.0
± 1.1

81.9
± 25.4

31.2
± 8.1

Metformin 62/40/22 79.8
± 24.8

30.6
± 8.5

Sitagliptin
+MetforminXR

45/32/13 81.9
± 25.4

31.2
± 8.1

MetforminXR 51/32/19 79.8
± 24.8

30.6
± 8.5

Shankar RR, 2022
(28)

double blind 20 Sitagliptin 95/54/41 14.0
± 2.0

7.5
± 1.04

89.1
± 25.3

33.3
± 7.7

Placebo 95/61/34 81.9
± 24.8

31.2
± 7.7
Except where indicated, data are presented as mean ± SD or minimum–maximum.
N/F/M, Number Analyzed/Female/Male; BMI, body mass index.
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(16, 29) demonstrated an unclear risk of bias and nine (23–25,

27, 28, NCT01204775, NCT01554618, NCT01434186, and

NCT00658021) showed a low risk of bias.
3.3 Network meta-analysis

We included eight drugs (dapagliflozin, exenatide,

sitagliptin, metformin, saxagliptin, linagliptin, glimepiride, and

liraglutide) and their combinations in our network meta-analysis

(Figure 2). In the study, different doses of the same drug were

separately analyzed (23), however, in NCT00658021, exenatide

(5 mcg) and exenatide (10 mcg) were grouped together when the

results were published. Especially, both NCT01760447

metformin and metforminXR are classified as metformin (30).

Because Cochran’s Q statistic was too small, there was no

evidence of heterogeneity for any outcome (Table S1), so that

fixed effects model was used in all analysis and the random

effects model showed the consistent results with fixed

effects model.

3.3.1 Primary outcomes
The change of HbA1c from baseline was analyzed in 1,273

patients of 12 studies. In fixed effects model, compared to placebo,
Frontiers in Endocrinology 06
the reduction of HbA1c was significantly larger in saxagliptin

+metformin (MD -1.91% [-2.85%, -0.97%]), liraglutide

+metformin (MD -1.45% [-1.65%, -1.26%]), liraglutide (MD

-0.90% [-1.35%, -0.45%]), sitagliptin+metformin (MD -0.89%

[-1.04%, -0.73%]), dapagliflozin (MD -0.87% [-1.18%, -0.56%]),

exenatide–2 mcg (MD -0.85% [-1.07%, -0.63%]), linagliptin–5 mg

(MD -0.64% [-1.08%, -0.20%]), metformin (MD -0.40% [-0.50%,

-0.29%]), exenatide–5/10 mcg (MD -0.27% [-0.45%, -0.09%]),

glimepiride (MD -0.25% [-0.37%, -0.13%]), and sitagliptin (MD

-0.19% [-0.31%, -0.07%]), respectively (Figure 3A). In additive

network meta-analysis, all results were consistent with the fixed

effects model (Figure 3C).

Furthermore, saxagliptin+metformin showed the greatest

potential as the best intervention to improve HbA1c (P-score

= 0.98 in both models), liraglutide+metformin was the second

best (P-score = 0.93 in both models) and liraglutide (P-score =

0.69 in fixed effects model; 0.81 in additive model; Figure 3E,

Table S2).

There was no significant difference versus placebo in the

incidence of adverse events for all treatments in both models

(Figures 3B, D). Furthermore, linagliptin–5 mg (P-score = 0.76

in both model), dapagliflozin (P-score = 0.71 in fixed effects

model; 0.70 in additive model), and exenatide–2 mcg (P-score =

0.65 in both models) showed better effects than placebo

(Figure 3F, Table S3).
FIGURE 2

Meta-analysis networks for change in HbA1c. Each circle indicates a treatment node. Lines connecting 2 nodes represent direct comparisons
between 2 treatments. The size of the nodes is proportional to the number of trials evaluating each treatment. The thickness of the lines is
proportional to the number of trials directly comparing the 2 connected treatments. met, metformin; lira_met, liraglutide+metformin; lira,
liraglutide; lin5, linagliptin-5 mg; lin1, linagliptin-1 mg; glim, glimepiride; exe1, exenatide-2 mcg; exe2, exenatide-5/10 mcg; dap, dapagliflozin;
sita_placebo, sitagliptin+placebo; sita_met, sitagliptin_metformin; sax_met, saxagliptin+metformin.
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3.3.2 Secondary outcomes
3.3.2.1 Efficacy outcomes

Nine studies involving 960 patients reported change in FPG

from baseline. In both models, compared to placebo, liraglutide,

dapagliflozin, exenatide–2 mcg, linagliptin–5 mg, metformin,

exenatide–5/10 mcg, and sitagliptin+metformin all showed
Frontiers in Endocrinology 07
significant reduction in FPG. However, sitagliptin showed

different results from the fixed effects model (MD -4.57 [-5.06,

-4.08] in fixed effects model; MD 1.50 [0.81, 2.19] in additive

model). This might be because the additive model assumed that

the effect of the treatment combination is the sum of the effects

of its components (22). Furthermore, exenatide–2 mcg showed
A B

D

E F

C

FIGURE 3

Results for the primary outcomes compared with placebo. Treatments are presented according to their effect estimate compared with placebo.
Effect sizes are presented as MD or OR with 95% CI's. MD, mean difference; OR, odds ratio. exenatide1, exenatide-2mcg; exenatide2,
exenatide-5/10mcg; linagliptin1, linagliptin-1mg; linagliptin5, linagliptin-5mg. (A) the change in HbA1c from baseline of fixed effects model; (B)
adverse events of patients of fixed effects model; (C) the change in HbA1c from baseline of additive model; (D) adverse events of patients of
additive model; (E) treatment ranking according to HbA1c of both models; (F) treatment ranking according to adverse events of both models.
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the greatest potential as the best intervention to improve FPG

and sitagliptin+metformin was the second best (Figure a6A,

Table S4).

Eight studies involving 1,161 patients reported the

percentage of patients achieving HbA1c goals of less than 7%.

In both models, compared to placebo, liraglutide+metformin,

sitagliptin+metformin, metformin, glimepiride, dapagliflozin,

and exenatide–2 mcg showed significant improvement in the

percentage of HbA1c < 7%. Furthermore, according to P-score,

all treatments in this analysis were better than placebo (Figure

a6B, Table S5).

Three studies involving 392 patients reported the percentage

of patients achieving HbA1c goals of less than 6.5%. In both

models, no treatments showed significant improvement in the

percentage of HbA1 ≤ 6.5%. Furthermore, according to P-score,

all treatments in this analysis were better than placebo (Figure

a6C, Table S6).

3.3.2.2 Safety outcomes

Seven studies involving 998 patients reported the number of

patients with hyperglycemia, five studies involving 794 patients

reported the number of patients with hypoglycemia, eight

studies involving 1,085 patients reported the number of

patients with upper abdominal pain, 10 studies involving 1,147

patients reported the number of patients with diarrhea, nine

studies involving 907 patients reported the number of patients

with vomiting, and seven studies involving 679 patients reported

the number of patients with nausea. For all treatments in both

models, there was no difference versus placebo in the incidence

of these outcomes (Figure a7A–F).

Seven studies involving 979 patients reported the number of

patients with abdominal pain. In additive network meta-

analysis, liraglutide+metformin (OR 7.84 [1.59, 38.67]) showed

significant difference from placebo (Figure a7G). The treatments

ranking according to P-score for every safety outcome was

shown in Tables S7–S13.
3.4 Sensitivity analyses and
subgroup analyses

Results of two sensitivity analyses were both almost similar

to primary outcomes. According to the distribution of potential

effect modifiers, we found significant differences in baseline

weight and BMI between Klein DJ’s study (24) and the others.

Therefore, we performed a third sensitivity analyses of the

remaining seven studies. The treatment ranking included in

the seven studies was consistent with primary outcomes

(Supplemental Material S4). In the subgroup analyses of

studies, results of monotherapy group were similar to those of

the primary outcomes. However, no difference was shown

between treatments and placebo in the combination group, but
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there was a significant difference between treatments and

placebo in the primary outcomes (Supplementary Material S4).
3.5 Publication bias and small
study effect

Since the included drugs could not be compared directly and

indirectly at the same time, the inconsistency analysis could not

be carried out. Through funnel plots, there was no publication

bias in this study (Figure a14). Through Egger’s linear regression

test and Begg’s rank correlation test, there was no small study

bias in this study (Table S14).
4 Discussion

Metformin combined with diet and exercise has been the

first-line clinical treatment for children and adolescents with

type 2 diabetes, and liraglutide and exenatide have been

approved by the FDA in recent years. There are few published

studies on the comparative efficacy and safety of different drugs

therapy in children and adolescents with type 2 diabetes.

This study used both fixed effects and additive network meta-

analysis model to evaluate the relative effects of eight different

drugs on HbA1c level, FPG, patients achieving HbA1c goals of <

7%, patients achieving HbA1c goals of ≤ 6.5% and adverse events

in children and adolescents with type 2 diabetes. In particular, we

considered common adverse reactions to glucose-lowering drugs,

such as hyperglycemia, hypoglycemia, and gastrointestinal

disorders (31). From the 12 studies, our network meta-analysis

indicated that saxagliptin+metformin, liraglutide+metformin,

liraglutide, sitagliptin+metformin, dapagliflozin, exenatide–2

mcg, linagliptin–5 mg, metformin, exenatide–5/10 mcg,

glimepiride, and sitagliptin showed significant reduction in

HbA1c in both models . P-score ranking revealed

saxagliptin+metformin, liraglutide+metformin, and liraglutide

stayed the top three treatments. Moreover, there was no

difference in the incidence of various adverse events versus

placebo, except that the incidence of abdominal pain in

liraglutide+metformin were significantly higher than placebo in

additive model. This might be because the additive model

assumed that the effect of the treatment combination is the sum

of the effects of its components (22). Meanwhile, there were four

unpublished clinical studies (NCT01204775, NCT01554618,

NCT01434186, and NCT00658021) that did not provide specific

baseline information (age, baseline HbA1c level, baseline weight,

and baseline BMI) with participants, two were phase III studies on

exenatide and two were phase III studies on saxagliptin

+metformin. Therefore, although the efficacy and safety of

saxagliptin+metformin were superior to other treatments in our

analysis, further studies were needed to determine whether the
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treatment needed to meet a specific baseline level. We also

performed sensitivity analyses of published studies, which

showed that the ranking of the included treatments was

consistent with the primary outcomes (Supplemental Material

S4). Compared with metformin and exenatide–5/10 mcg,

dapagliflozin, sitagliptin+metformin, and saxagliptin+metformin

showed significant reduction in HbA1c in both models.

Compared with l i rag lut ide and exenat ide–2 mcg ,

saxagliptin+metformin also showed significant reduction in

HbA1c in both models. There was no significant difference in

the safety of the different treatments in any of the comparisons

(Figures a15–a18).

Metformin has been shown to be safe and effective for

treatment of type 2 diabetes in pediatric patients (25). The

most common adverse events associated with metformin are

gastrointestinal disorders, including abdominal pain and

diarrhea (32). For other drugs, Shyangdan D et al. (12)

proposed that liraglutide is a useful addition to options for

treating type 2 diabetes, being effective in reducing blood

glucose, while avoiding hypoglycemia and weight gain.

However, it has been pointed out that the addition of

liraglutide to metformin for children and adolescents increased

frequency of gastrointestinal disorders (15). Gottschalk M et al.

(16) found that glimepiride reduced HbA1c similarly to

metformin with greater weight gain. In comparison with

previous studies, we compared treatments without head-to-

head comparisons by integrating results from RCTs of

different treatments. Through indirect comparison, we found

that the result of liraglutide and its combination with metformin

are in accordance with Shyangdan D et al. However, metformin

showed significant reduction in HbA1c compared with

glimepiride, which was inconsistent with direct comparisons.

In addition, dapagliflozin, sitagliptin+metformin, and

saxagliptin+metformin could significantly reduce HbA1c level

for patients aged 10–17 years besides for the drugs approved by

FDA and the incidence of abdominal pain or diarrhea was not

significantly higher than metformin and liraglutide. These

treatments deserved more extensive clinical trials to ensure

their efficacy and safety, thus, providing better treatment

options for children and adolescents with type 2 diabetes.

Furthermore, we also searched PubMed until September

2021 to identify pertinent analyses in adults with type 2

diabetes. Consistent with our findings in children, those

studies have found that liraglutide combined with metformin

is significantly better than metformin alone in reducing HbA1c,

which is similar to glimepiride (33, 34). List JF et al. (35) showed

that dapagliflozin had a greater ability to reduce HbA1c levels

than metformin, with no significant difference in the incidence

of adverse events. Aschner P et al. (36) demonstrated that

sitagliptin was no significant in improving HbA1c compared

with metformin, but a lower incidence of gastrointestinal

disorders was observed in sitagliptin group. DeFronzo RA

et al. (37) reported that saxagliptin+metformin was generally
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well tolerated and led to statistically significant reduction in

HbA1c versus metformin+placebo. These results are in

accordance with Pfützner A et al. (38), which compared

saxagliptin+metformin with metformin alone.

More and more studies have focused on the effects of

glucose-lowering drugs on cardiovascular function in type 2

diabetes adults. Tsapas A et al. (39) indicated that cardiovascular

risk increased in patients receiving metformin-based

background therapy, conversely, GLP-1 RAs, and SGLT-2

inhibitor have a favorable effect on certain cardiovascular

outcomes. Since gastrointestinal disorders are of greater

concern in adolescents than in adults, our study considered

them as major factors in comparing treatments. Combining all

efficacy outcomes, we found that DPP-4 inhibitor in

combination with metformin (saxagliptin+metformin,

sitagliptin+metformin) and GLP-1 RAs (exenatide and

l iraglut ide) have a favorable effect . According to

gastrointestinal disorders, although saxagliptin+metformin

ranked lowest, there were no significant differences between

treatments. So DPP-4 inhibitor in combination with metformin

and GLP-1 RAs considered to be the better treatments in

our study.

Our analysis did not combine different doses of drugs as a

single treatment, so that we also obtained two comparisons of

the same drugs at different doses, including exenatide and

linagliptin. According to our results, exenatide–2 mcg ranks

higher than exenatide–5/10 mcg in efficacy results. Blevins T

et al. (40) conducted a study to compare effects of exenatide once

weekly (ExQW) and exenatide twice daily (ExBID) on glycemic

control, results indicated that ExQW produced significantly

greater changes from baseline versus ExBID in HbA1c, similar

to our findings. For linagliptin, since the data of different doses

are all from the same study, the results obtained are consistent

with the outcome of the original article (26).

To evaluate the evidence in a specific treatment situation, we

performed subgroup analyses. The results of monotherapy

group were almost similar to those of the primary outcomes.

However, in combination group, there was no difference

between any treatment and placebo. This might be because the

sample size is limited.

Certain limitations should be acknowledged. First, there

were two studies’ intervention duration less than 3 months (12

weeks), one is 5 weeks and the other was 8 weeks. Since HbA1c

reflects the past 3 months’ blood glucose level, the duration of

trials should be longer than 3 months. In order to ensure the

sufficient statistical power, we did not exclude these two studies

from the primary analysis. In addition, since multiple studies

have included combinations, we have analyzed them using an

additive network meta-analysis model, which may introduce

bias due to the different dosing and allocation of

combinations. Accordingly, we divided the study into

monotherapy group and combination group for subgroup

analysis. The results were consistent with the primary
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outcomes. Moreover, our analysis only considered four

indicators to evaluate the efficacy, and some secondary

indicators were missing. Some studies about hypoglycemic

drugs analyzed the change of BMI and weight loss from

baseline as outcomes, so further studies are needed to

corroborate our conclusions. Meanwhile, although the efficacy

and safety of saxagliptin+metformin were superior to other

treatments in our analysis, due to the lack of baseline

information, the treatment population of it needed to be

further explored. Also, we did not compare different

populations and age groups because of limited data. Finally,

due to the limited number of studies and sample size, the

consistency analysis could not be assessed.
5 Conclusions

According to the outcomes, the top 10 treatments of type 2

diabetes in children and adolescents aged 10–17 years were

saxagliptin+metformin, liraglutide+metformin, liraglutide,

dapagliflozin, exenatide–2 mcg, sitagliptin+metformin, linagliptin–

5 mg, linagliptin–1 mg, metformin, and exenatide–5/10 mcg.

Among them, liraglutide+metformin, sitagliptin+metformin,

dapagliflozin, linagliptin–5mg, metformin, glimepiride, and

sitagliptin were effective and safe for patients with BMI of 30–35

kg/m2 and weight of 80–90 kg. Due to the lack of baseline

information, the treatment population targeted by saxagliptin

+metformin needs to be further explored.
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26. Tamborlane WV, Barrientos-Pérez M, Fainberg U, Frimer-Larsen H, Hafez
M, Hale PM, et al. Liraglutide in children and adolescents with type 2 diabetes.
N Engl J Med (2019) 381(7):637–46. doi: 10.1056/NEJMoa1903822

27. Jalaludin MY, Deeb A, Zeitler P, Garcia R, Newfield RS, Samoilova Y, et al.
Efficacy and safety of the addition of sitagliptin to treatment of youth with type 2
diabetes and inadequate glycemic control on metformin without or with insulin.
Pediatr Diabetes (2022) 23(2):183–93. doi: 10.1111/pedi.13282

28. Shankar RR, Zeitler P, Deeb A, Jalaludin MY, Garcia R, Newfield RS, et al. A
randomized clinical trial of the efficacy and safety of sitagliptin as initial oral
therapy in youth with type 2 diabetes. Pediatr Diabetes (2022) 23(2):173–82.
doi: 10.1111/pedi.13279

29. Tamborlane WV, Laffel LM, Shehadeh N, Isganaitis E, Van Name M,
Ratnayake J, et al. Efficacy and safety of dapagliflozin in children and young adults
with type 2 diabetes: a prospective, multicentre, randomised, parallel group, phase
3 study. Lancet Diabetes Endocrinol (2022) 10(5):341–50. doi: 10.1016/S2213-8587
(22)00052-3

30. Derosa G, D'Angelo A, Romano D, Maffioli P. Effects of metformin
extended release compared to immediate release formula on glycemic control
and glycemic variability in patients with type 2 diabetes. Drug Des Devel Ther
(2017) 11:1481–8. doi: 10.2147/DDDT.S131670

31. TODAY Study Group. Safety and tolerability of the treatment of youth-
onset type 2 diabetes: the TODAY experience. Diabetes Care (2013) 36(6):1765–71.
doi: 10.2337/dc12-2390

32. DeFronzo RA, Goodman AM. Efficacy of metformin in patients with non-
insulin-dependent diabetes mellitus. the multicenter metformin study group.
N Engl J Med (1995) 333(9):541–9. doi: 10.1056/NEJM199508313330902

33. Yang W, Chen L, Ji Q, Liu X, Ma J, Tandon N, et al. Liraglutide provides
similar glycaemic control as glimepiride (both in combination with metformin)
and reduces body weight and systolic blood pressure in Asian population with type
2 diabetes from China, south Korea and India: a 16-week, randomized, double-
blind, active control trial(*). Diabetes Obes Metab (2011) 13(1):81–8. doi: 10.1111/
j.1463-1326.2010.01323.x

34. Nauck M, Frid A, Hermansen K, Thomsen AB, During M, Shah N, et al.
Long-term efficacy and safety comparison of liraglutide, glimepiride and placebo,
all in combination with metformin in type 2 diabetes: 2-year results from the
LEAD-2 study. Diabetes Obes Metab (2013) 15(3):204–12. doi: 10.1111/dom.12012

35. List JF, Woo V, Morales E, Tang W, Fiedorek FT. Sodium-glucose
cotransport inhibition with dapagliflozin in type 2 diabetes. Diabetes Care (2009)
32(4):650–7. doi: 10.2337/dc08-1863

36. Aschner P, Katzeff HL, Guo H, Sunga S, Williams-Herman D, Kaufman KD,
et al. Efficacy and safety of monotherapy of sitagliptin compared with metformin in
patients with type 2 diabetes. Diabetes Obes Metab (2010) 12(3):252–61.
doi: 10.1111/j.1463-1326.2009.01187.x

37. DeFronzo RA, Hissa MN, Garber AJ, Luiz Gross J, Yuyan Duan R,
Ravichandran S, et al. The efficacy and safety of saxagliptin when added to
metformin therapy in patients with inadequately controlled type 2 diabetes with
metformin alone. Diabetes Care (2009) 32(9):1649–55. doi: 10.2337/dc08-1984

38. Pfützner A, Paz-Pacheco E, Allen E, Frederich R, Chen RCV181039
Investigator. Initial combination therapy with saxagliptin and metformin
provides sustained glycaemic control and is well tolerated for up to 76 weeks.
Diabetes Obes Metab (2011) 13(6) :567–76. do i : 10 .1111/ j .1463-
1326.2011.01385.x

39. Tsapas A, Avgerinos I, Karagiannis T, Malandris K, Manolopoulos A,
Andreadis P, et al. Comparative effectiveness of glucose-lowering drugs for type
2 diabetes: A systematic review and network meta-analysis. Ann Intern Med (2020)
173(4):278–86. doi: 10.7326/M20-0864

40. Blevins T, Pullman J, Malloy J, Yan P, Taylor K, Schulteis C, et al.
DURATION-exenatide once weekly resulted in greater improvements in
glycemic control compared with exenatide twice daily in patients with type 2
diabetes. J Clin Endocrinol Metab (2011) 96(5):1301–10. doi: 10.1210/jc.2010-2081
frontiersin.org

https://doi.org/10.1016/S2213-8587(17)30186-9
https://doi.org/10.2337/dci17-0031
https://doi.org/10.1001/jama.2014.3201
https://doi.org/10.1001/jama.2021.11165
https://doi.org/10.1038/nrendo.2011.183
https://doi.org/10.1146/annurev-med-042120-012033
https://www.diabetesatlas.org
https://doi.org/10.1056/NEJMoa2100165
https://doi.org/10.3389/fphar.2021.669814
https://doi.org/10.1185/030079904125003278
https://doi.org/10.3310/hta15suppl1/09
https://doi.org/10.3310/hta15suppl1/09
https://doi.org/10.1056/NEJMoa1903822
https://doi.org/10.1056/NEJMoa1903822
https://doi.org/10.1111/jcpt.13225
https://doi.org/10.1345/aph.17360
https://doi.org/10.1345/aph.17360
https://doi.org/10.2337/dc06-1554
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1002/sim.3767
https://doi.org/10.1002/jrsm.1044
https://doi.org/10.1186/s12874-015-0060-8
https://doi.org/10.2188/jea.15.235
https://doi.org/10.2188/jea.15.235
https://doi.org/10.1002/bimj.201800167
https://doi.org/10.1002/bimj.201800167
https://doi.org/10.1111/pedi.12616
https://doi.org/10.1089/dia.2013.0366
https://doi.org/10.2337/diacare.25.1.89
https://doi.org/10.1056/NEJMoa1903822
https://doi.org/10.1111/pedi.13282
https://doi.org/10.1111/pedi.13279
https://doi.org/10.1016/S2213-8587(22)00052-3
https://doi.org/10.1016/S2213-8587(22)00052-3
https://doi.org/10.2147/DDDT.S131670
https://doi.org/10.2337/dc12-2390
https://doi.org/10.1056/NEJM199508313330902
https://doi.org/10.1111/j.1463-1326.2010.01323.x
https://doi.org/10.1111/j.1463-1326.2010.01323.x
https://doi.org/10.1111/dom.12012
https://doi.org/10.2337/dc08-1863
https://doi.org/10.1111/j.1463-1326.2009.01187.x
https://doi.org/10.2337/dc08-1984
https://doi.org/10.1111/j.1463-1326.2011.01385.x
https://doi.org/10.1111/j.1463-1326.2011.01385.x
https://doi.org/10.7326/M20-0864
https://doi.org/10.1210/jc.2010-2081
https://doi.org/10.3389/fendo.2022.897776
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparative efficacy and safety of glucose-lowering&nbsp;drugs in children and adolescents with type 2 diabetes: A systematic review and network meta-analysis
	1 Introduction
	2 Material and methods
	2.1 Search strategy
	2.2 Selection criteria and eligibility criteria
	2.3 Data extraction
	2.4 Risk of bias assessment
	2.5 Data synthesis

	3 Results
	3.1 Baseline characteristics
	3.2 Risk of bias assessment
	3.3 Network meta-analysis
	3.3.1 Primary outcomes
	3.3.2 Secondary outcomes
	3.3.2.1 Efficacy outcomes
	3.3.2.2 Safety outcomes


	3.4 Sensitivity analyses and subgroup analyses
	3.5 Publication bias and small study effect

	4 Discussion
	5 Conclusions
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


