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Summary

Background: Weight loss in children and adolescents with type 2 diabetes (T2D) is

associated with improved glycaemic control.

Objectives: To assess the effects of liraglutide vs placebo on body mass index (BMI)

and weight parameters in children and adolescents with T2D using data from the

ellipse trial (NCT01541215).

Methods: The ellipse trial randomized participants (10-<17 years old, BMI >85th per-

centile, T2D, glycated haemoglobin [HbA1c] 7.0%-11.0% [if diet- and exercise-

treated] or 6.5% to 11.0% [if treated with metformin, basal insulin or both]) to

liraglutide or placebo. This post-hoc analysis evaluated changes from baseline to

weeks 26 and 52 in absolute BMI, percent change in BMI and other weight-related

parameters. Changes were assessed by liraglutide overall (all doses) and liraglutide by

dose (0.6, 1.2 and 1.8 mg/day) vs placebo using a pattern mixture model of observed

data, with missing observations imputed from each treatment group.

Results: In total, 134 participants were included. There were statistically significant differ-

ences between groups in certain parameters, including absolute BMI (estimated treatment dif-

ference [ETD] –0.89 kg/m2; 95% confidence interval [CI] –1.71,–0.06) and percent change in

BMI (ETD –2.73%; 95% CI –5.15,–0.30) at week 52, but none at week 26. Dose-dependent

effectswere not observed for liraglutide vs placebo for all BMI/weight parameters.

Conclusions: Compared with placebo, liraglutide was associated with statistically sig-

nificant reductions in BMI/weight parameters at week 52, but not week 26, in chil-

dren and adolescents with T2D.
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1 | INTRODUCTION

The incidence of type 2 diabetes (T2D) in children and adolescents in

the United States increased annually by 7% between 2002 and

2012.1 T2D is often a complication of obesity, with the majority of

children and adolescents having obesity at the time of T2D diagnosis.2

Compared with the development of T2D in adulthood, in children and

adolescents, deterioration of β-cell function and complications such as
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kidney disease, dyslipidaemia, retinopathy and hypertension are seen

earlier in the disease course.3,4 Despite ongoing evidence of disease

progression and weight gain with lifestyle management and metfor-

min therapy, metformin and insulin were the only US Food and Drug

Administration (FDA)-approved treatments for children and adoles-

cents with T2D until 2019.5-7 Although weight loss can improve insu-

lin resistance and glycaemic control, as well as delay or prevent the

need to initiate insulin, metformin does not consistently elicit large

weight reductions.8-10 Furthermore, treatment with insulin often leads

to weight gain, which can be perceived by patients as a negative con-

sequence of treatment and, therefore, acts as a barrier to adher-

ence.11 This can lead to poorer glycaemic control and further

increased risk of complications.11 Moreover, insulin-associated weight

gain can worsen insulin resistance, resulting in the escalation of insulin

therapy and, therefore, promote additional weight gain.11

With the 2019 FDA approval of the daily injectable glucagon-like

peptide-1 receptor agonist (GLP-1 RA) liraglutide 1.8 mg/day

(Victoza), there is now another effective treatment, with an acceptable

safety profile, for T2D in children and adolescents aged ≥10 years.12

Liraglutide improves glycaemic control in children and adolescents

with T2D and may lead to weight reduction, as seen in adults.12

Liraglutide has also been indicated at a higher dose of 3.0 mg/day

(Saxenda) for chronic weight management in adults with obesity (body

mass index [BMI] ≥30 kg/m2) or overweight (BMI ≥27 kg/m2) in the

presence of at least one weight-related condition.13 Although no

GLP-1 RA trials to our knowledge have been published in children and

adolescents with T2D with a primary focus on weight reduction,

GLP-1 RAs have been shown to reduce body weight in adults with

obesity, with or without T2D, and in children and adolescents with

obesity but without diabetes, by 0.5-5.0 kg.13-19 A randomized con-

trolled trial demonstrated superiority of liraglutide 3.0 mg/day com-

pared with placebo in reducing BMI SD score (a measure of relative

weight, matched for age and sex) and other BMI- and weight-related

outcomes in children and adolescents aged 12 to <18 years with obe-

sity (estimated treatment difference [ETD] in BMI SD score −0.22;

95% confidence interval [CI] −0.37, −0.08; P = .002).20

The Evaluation of Liraglutide in Pediatrics with Diabetes (ellipse)

trial generated the data that resulted in FDA approval of liraglutide in

children and adolescents with T2D.21 The ellipse trial was a double-

blinded, multinational trial, which randomized participants aged

10-<17 years with T2D to liraglutide or placebo. In this trial, liraglutide

doses up to 1.8 mg/day improved glycaemic control in children and

adolescents with T2D and overweight or obesity compared with pla-

cebo.21 No significant difference in BMI z-score (a confirmatory sec-

ondary endpoint) was observed with liraglutide vs placebo at week

26, but a significant difference was observed with liraglutide vs pla-

cebo at week 52 (ETD −0.18 (95% CI −0.33, −0.03).21 Furthermore,

reductions in mean body weight were maintained only among those

receiving liraglutide at week 52 (−1.91 kg with liraglutide vs +0.87 kg

with placebo).21

A limitation of the BMI z-score (also called BMI SD score) is that

the sample size within age-sex groupings from the Centres for Dis-

ease Control and Prevention (CDC) growth chart data set, from which

the score is derived, is too sparse to estimate higher percentiles with

adequate statistical reliability.22 As such, the BMI z-score scale within

the upper part of the distribution is foreshortened because of how

the BMI distribution is skewed, resulting in the lower centiles being

closer together than the upper centiles.23 Therefore, the BMI z-score

data set yields misleading results when applied to cohorts consisting

of participants with severe obesity, as was the case in ellipse.24-27

The objective of this post hoc, secondary analysis of the ellipse

trial was to evaluate the effects of liraglutide, including its dose

dependency, on BMI and weight parameters in children and adoles-

cents with T2D and either overweight, obesity, or severe obesity.

Some BMI and weight parameters are generally considered to be

more appropriate to use in paediatric populations, as compared with

the BMI z-score,23 and so were included in this analysis. Due to the

implications of insulin use on weight gain, an exploratory aim was to

compare insulin rescue use between liraglutide and placebo groups.

2 | METHODS

2.1 | Design and participants of the ellipse trial

The ellipse trial (NCT01541215 https://clinicaltrials.gov/ct2/show/

NCT01541215) was a phase 3a, randomized, double-blinded, placebo-

controlled, multinational and multicentre trial investigating liraglutide

in children and adolescents with T2D. The full study details have been

reported previously.21 Briefly, the ellipse trial included 84 sites in

25 countries and enrolled participants over a period of 4 years and

4 months. Key inclusion criteria were age 10 to <17 years, BMI >85th

percentile for age and sex, and glycated haemoglobin (HbA1c) 7.0% to

11.0% (53-97 mmol/mol; if diet- and exercise-treated) or 6.5% to

11.0% (48-97 mmol/mol; if treated with metformin, basal insulin

or both).

The ellipse trial protocol was approved by an independent ethics

committee or institutional review board at each site (list of participat-

ing sites can be found in the Supplementary Material of the original

study21). Written informed consent and assent were obtained from all

parents/guardians and participants, respectively, as applicable.21 After

screening, participants who were not already on a stable metformin

dose underwent an 11- to 12-week run-in, during which metformin

was titrated for 3 to 4 weeks to a maximum tolerated dose of up to

2000 mg/day, followed by maintenance for 8 weeks.21 For those who

were treated with basal insulin at randomization, their insulin dose

was reduced by 20%.21 Participants were then randomized 1:1 to sub-

cutaneous liraglutide (1.8 mg/day or maximum tolerated dose) or pla-

cebo, both in combination with metformin (with or without basal

insulin) for a 26-week double-blinded period, followed by a 26-week

open-label extension.21 At week 26 (primary endpoint assessment),

treatment allocation was unblinded. During the 26-week open-label

extension, participants assigned to liraglutide continued their treat-

ment unchanged, whereas those assigned to placebo discontinued the

placebo injections, continued metformin (with or without basal insulin)

treatment and were not started on liraglutide treatment.21
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Participants in the liraglutide group initially received 0.6 mg/day,

and were up-titrated to 1.2 and 1.8 mg/day based on tolerability and

efficacy of the dose (as determined based on whether the participant's

average fasting plasma glucose [FPG] was >6.1 mmol/L [110 mg/dL])

on the three consecutive days preceding the dose-escalation visit.21

The dose was up-titrated at the investigator's discretion within a

3-week period, after which a stable dose was maintained.21 After

completion of liraglutide dose escalation, insulin dose could be

increased within a 4-week period, but not to more than the dose at

randomization.

2.2 | BMI and weight parameters

This post-hoc analysis examined the following BMI and weight

parameters:

• Absolute BMI (kg/m2)

• Percent change in BMI (%)

• Percentage of the 95th percentile for BMI (%BMIp95, %)

• Difference in BMI from 95th percentile BMI (ΔBMIp95, kg/m2)

• Percentage of median (50th percentile) BMI (%)

• Tri-ponderal mass index (TMI, kg/m3)—the ratio of body weight to

height cubed28

• Waist circumference (WC) (cm)

Each of these BMI and weight parameters were assessed for liraglutide

overall and by liraglutide dose (0.6, 1.2 and 1.8 mg/day), all vs placebo.

Participants were categorized according to the dose taken for the lon-

gest time during the maintenance period (double-blind and open-label

periods combined). Weight was measured at site visits at screening, ran-

domization and weeks 6, 10, 14, 20, 26, 30, 36, 42, 48 and 52; height

and WC were measured at site visits at screening, randomization and

weeks 14, 26 and 52. Weight and WC were measured with participants

wearing light clothing, and weight and height were measured with par-

ticipants not wearing shoes. The World Health Organization (WHO)

growth curves were used to determine the BMI percentile.29,30

2.3 | Statistical analyses

Descriptive characteristics were summarized overall, with mean

(SD) for continuous variables and frequency with percentage for cate-

gorical variables. The mean change from baseline to week 52 for each

parameter was compared between placebo group and either liraglutide

group overall or dose-attained group. The primary analysis was a pat-

tern mixture model (PMM) of observed data with missing observations

imputed from each randomized treatment group based on multiple

(×10,000) imputations. Missing data were imputed by selecting a ran-

dom observation from a normal distribution centred at the value

predicted by the regression model and with variance analogous to

predicting a new observation in the regression analysis. We also per-

formed a supporting analysis using a PMM of observed data with

missing observations imputed from the placebo treatment group

(as per the main analysis for the primary outcomes21). This supporting

analysis was considered to be a more conservative approach than the

primary PMM analysis used in this analysis. The data for week 26 and

52 were analysed with an ANCOVA model containing treatment (con-

sisted of four groups: placebo and the three doses of liraglutide), sex

and age group as fixed effects and baseline value as a covariate. ETDs

and CIs were combined using Rubin's formula and CIs and p values

were calculated using model-based SE. Changes in the percentage of

participants using insulin from baseline to week 52 were analysed

using McNemar's test. The significance level was set at 5%. No adjust-

ments were performed for multiple comparisons as these were post

hoc, secondary analyses. Statistical Analysis Software version 9.4 (SAS

Institute, Cary, North Carolina) was used to perform all of the analyses.

3 | RESULTS

3.1 | Participant demographics

In total, 134 participants received at least one dose of liraglutide (n = 66)

or placebo (n = 68),21 and were therefore included in our analysis. All but

eight participants (6%) had severe obesity (BMI ≥120% of the 95th per-

centile) at baseline (Table 1). Patient baseline demographics were gener-

ally well balanced between treatment groups. Within the liraglutide

group, after the dose titrations as described in Section 2, there were

19 participants in the 0.6 mg group, 12 in the 1.2 mg group and 35 in the

1.8 mg group (Table S1, Supporting Information).

3.2 | Changes in BMI and weight parameters with
liraglutide

In the primary analysis, in which missing observations were imputed

from each randomized treatment group, participants in the overall

liraglutide group experienced significant differences in absolute BMI

(ETD −0.89 kg/m2; P = .036), percent change in BMI (ETD –2.73%;

P = .028), %BMIp95 (ETD –4.42%; P = .038), ΔBMIp95 (ETD –

0.88 kg/m2; P = .037) and percentage of median BMI (ETD −5.09%;

P = .038) vs placebo from baseline to week 52 (Figure 1A–E). Changes

in TMI and WC from baseline to week 52 for the overall liraglutide

group compared with the placebo group were not significantly differ-

ent (P > .05 for both) (Figure 1F and G). There were no significant dif-

ferences in liraglutide overall vs placebo for all BMI and weight

parameters from baseline to week 26 (Table S1). No significant dose-

dependent effects were observed when comparing the three doses of

liraglutide (0.6, 1.2 and 1.8 mg/day) with placebo from baseline to

week 26 (Table S1) or week 52 (Figure 1).

The supporting analysis, which used the PMM with missing

observations imputed from the placebo group, showed similar results

to the primary analysis (Table S2). However, while no significant effect

was observed with liraglutide 1.2 mg/day at week 52 in the primary

analysis, the liraglutide 1.2 mg/day dose group differed significantly
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from placebo in the supporting analysis at week 52 for change in

absolute BMI (ETD −1.41 kg/m2; P = .050), percent change in BMI

(ETD –4.15%; P = .048), %BMIp95 change (ETD –7.15; P = .050),

ΔBMIp95 change (ETD –1.42 kg/m2; P = .049) and change in percent-

age of median BMI (ETD –8.24%; P = .049).

3.3 | Insulin rescue use

In the liraglutide group, 15 participants were receiving basal insulin at

baseline21 and 14 (25% of those who completed the trial) were doing

so at week 5231 (P = .76) (Table 2). In the placebo group, the number

of participants receiving basal insulin increased from 10 at baseline21

to 23 (43% who completed the trial) at week 5231 (P = .003) (Table 2).

The mean insulin dose increased from 29.6 U at baseline in both the

liraglutide and placebo groups to 31.0 U (liraglutide group) and 33.6 U

(placebo group) at week 52.

4 | DISCUSSION

Results of our analysis demonstrated statistically significant reduc-

tions in relevant BMI and weight parameters with liraglutide com-

pared with placebo from baseline to week 52, but not at week 26.

TABLE 1 Baseline demographics of participants in the ellipse trial

Liraglutide (n = 66) Placebo (n = 68) Total (n = 134)

Age, years 14.6 (1.7) 14.6 (1.7) 14.6 (1.7)

Sex, n [%]

Male 25 [37.9] 26 [38.2] 51 [38.1]

Race, n [%]

White 42 [63.6] 45 [66.2] 87 [64.9]

Black or African American 9 [13.6] 7 [10.3] 16 [11.9]

Asian 10 [15.2] 8 [11.8] 18 [13.4]

American Indian or Alaska Native 2 [3.0] 1 [1.5] 3 [2.2]

Native Hawaiian or other Pacific Islander 0 [0.0] 0 [0.0] 0 [0.0]

Other 3 [4.5] 7 [10.3] 10 [7.5]

Tanner staging (females), n [%]a

I 1 [2.4] 0 [0.0] -

II 2 [4.9] 0 [0.0] -

III 4 [9.8] 10 [23.8] -

IV 8 [19.5] 9 [21.4] -

V 26 [63.4] 23 [54.8] -

Tanner staging (males), n [%]b

I 2 [8.0] 0 [0.0] -

II 1 [4.0] 3 [11.5] -

III 2 [8.0] 6 [23.1] -

IV 9 [36.0] 11 [42.3] -

V 11 [44.0] 6 [23.1] -

Duration of diabetes, years 1.9 (1.7) 1.9 (1.3) 1.9 (1.5)

BMI, kg/m2 34.6 (10.9) 33.3 (7.4) 33.9 (9.3)

%BMIp95 175.3 (55.4) 168.8 (37.4) 172.0 (47.1)

TMI, kg/m3 21.2 (7.1) 20.3 (4.7) 20.8 (6.0)

Waist circumference, cm 106.1 (20.7) 104.3 (15.0) 105.2 (18.0)

Severe obesityc, n [%]

Yes 61 [92.4] 65 [95.6] 126 [94.0]

HbA1c, % 7.9 [1.4] 7.7 [1.3] 7.8 [1.3]

Note: Data are observed mean (SD) unless otherwise stated.

Abbreviations: %BMIp95, percentage of the 95th percentile for BMI; BMI, body mass index; HbA1c, glycated haemoglobin; n, number of participants; SD,

standard deviation; TMI, tri-ponderal mass index.
aBased on available data for 41 and 42 patients receiving liraglutide and placebo, respectively.
bBased on available data for 25 and 26 patients receiving liraglutide and placebo, respectively.
cSevere obesity is defined as BMI ≥120% of 95th percentile.
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Overall liraglutide
– placebo 

–0.89 (–1.71, –0.06)

–0.66 (–1.91, 0.59)

–1.35 (–2.78, 0.08)

–0.85 (–1.86, 0.16)

0.036

Liraglutide 0.6 mg

– placebo  
0.30

Liraglutide 1.2 mg
– placebo  

0.07

Liraglutide 1.8 mg
– placebo  

Overall liraglutide
– placebo 

Liraglutide 0.6 mg

– placebo  

Liraglutide 1.2 mg
– placebo  

Liraglutide 1.8 mg
– placebo  

Overall liraglutide
– placebo 

Liraglutide 0.6 mg
– placebo  

Liraglutide 1.2 mg
– placebo  

Liraglutide 1.8 mg
– placebo  

Overall liraglutide
– placebo 

Liraglutide 0.6 mg
– placebo  

Liraglutide 1.2 mg
– placebo  

Liraglutide 1.8 mg
– placebo  

Overall liraglutide
– placebo 

Liraglutide 0.6 mg

– placebo  

Liraglutide 1.2 mg
– placebo  

Liraglutide 1.8 mg
– placebo  

Overall liraglutide
– placebo 

Liraglutide 0.6 mg
– placebo  

Liraglutide 1.2 mg
– placebo  

Liraglutide 1.8 mg
– placebo  

0.10

–3 –2 –1 0 1

ETD (95% CI)

Absolute BMI (kg/m2 )IC %59( DTE) p value

–2.73 (–5.15, –0.30)

–2.00 (–5.76, 1.76)

–4.05 (–8.24, 0.14)

–2.67 (–5.59, 0.25)

ETD (95% CI)

0.03

0.30

0.06

0.07

–10 –5 0 5

ETD (95% CI)

Percent change in BMI (%)

(a) (b)

(c) (d)

(e) (f)

(g)

p value

–4.42 (–8.60, –0.25)

–3.28 (–9.57, 3.01)

–6.82 (–14.06, 0.43)

–4.22 (–9.32, 0.88)

p value

0.038

0.31

0.07

0.10

–15 –10 –5 0 5

ETD (95% CI)

)IC %59( DTE59pIMB%

–0.88 (–1.70, –0.05)

–0.65 (–1.90, 0.59)

–1.35 (–2.78, 0.08)

–0.84 (–1.85, 0.17)

p value

0.04

0.30

0.07

0.10

–3 –2 –1 0 1

ETD (95% CI)

ΔBMIp95 ETD (95% CI)

–5.09 (–9.90, –0.28)

–3.78 (–11.02, 3.46)

–7.86 (–16.21, 0.49)

–4.86 (–10.73, 1.02)

p value% of median BMI (%)

0.038

0.31

0.07

0.11

–20 –15 –10 –5 0 5

ETD (95% CI)

ETD (95% CI)

Overall liraglutide
– placebo 

Liraglutide 0.6 mg
– placebo  

Liraglutide 1.2 mg

– placebo  

Liraglutide 1.8 mg
– placebo  

–0.47 (–0.98, 0.05)

–0.37 (–1.14, 0.41)

–0.69 (–1.58, 0.21)

–0.44 (–1.07, 0.19)

p valueTMI (kg/m3)

0.08

0.35

0.13

0.17

–2 –1 0 1

ETD (95% CI)

ETD (95% CI)

–1.42 (–4.31, 1.47)

–0.35 (–4.02, 4.73)

–3.52 (–8.58, 1.55)

–1.71 (–5.25, 1.83)

p valueWC (cm) ETD (95% CI)

0.34

0.88

0.17

0.34

–10 –8 –6 –4 –2 0 2 4 6

ETD (95% CI)

F IGURE 1 Legend on next page.
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Furthermore, comparing each of the three liraglutide doses individu-

ally with placebo, no significant dose-dependent effects were

observed using the primary imputation method. However, in the

supporting analysis using the PMM with missing observations

imputed from the placebo group (a more conservative method), there

were significant differences in BMI and weight parameters observed

between liraglutide 1.2 mg/day and placebo at week 52.

A smaller proportion of the participants in the liraglutide group

compared with the placebo group who completed treatment at week

52 required insulin rescue (addition of basal insulin, alone or in combi-

nation with bolus insulin, to treat hyperglycaemia). This may have

contributed to the greater effect on BMI and weight parameters with

liraglutide compared with placebo, as insulin use is associated

with weight gain.11 Therefore, the potential influence of weight gain

with insulin therapy may have led to an overestimation of the efficacy

estimate of liraglutide on weight parameters because fewer partici-

pants in the liraglutide group required insulin. However, these results

likely offer a reasonable treatment effect with liraglutide that could be

expected in the clinical setting, since insulin therapy is commonly used

in this population.32 Therefore, regardless of the factors contributing

to our findings, the results of this study provide evidence that treat-

ment with liraglutide may result in a reduction in BMI and weight

parameters in addition to improving glycaemic control in children and

adolescents with T2D. These findings are consistent with the growing

body of evidence suggesting that treatment with GLP-1 RAs can

result in significant BMI and weight reduction in children and adoles-

cents with obesity, with or without T2D, as well as in adults with obe-

sity, with or without T2D.13-18,20,21,33

It should be noted that the time course of changes in BMI and

weight parameters observed in this analysis were generally similar to

the BMI z-score results reported in the ellipse trial primary paper,

which showed a significant change in BMI z-score from baseline with

liraglutide compared with placebo at week 52, but no significant differ-

ence at week 26.21 One potential reason for the delayed treatment

effect of liraglutide on BMI and weight parameters could be that only

55.6% of the participants in the liraglutide group reached the maxi-

mum dose of 1.8 mg/day.21 Although 1.8 mg/day is the maximum

dose typically used for T2D in adults, and is currently approved by the

FDA for children and adolescents, liraglutide doses of up to 3.0 mg/day

have been found to be effective for BMI reduction in adolescents with

obesity.13,16,20 We hypothesize that a higher degree of BMI and

weight reduction may have been achieved in the ellipse trial if

liraglutide had been increased to the maximum dose indicated for T2D

(1.8 mg/day) in all participants in the liraglutide group. However, in

some trials demonstrating weight reduction with liraglutide in children

and adolescents, either no or only a small proportion of participants

had T2D, which could limit the generalizability of these results to a

population with T2D.16,20 Additionally, as the participants' dose was

limited by the study design and tolerability in each individual, and some

tolerability issues may be experienced in a real-world setting, it is

unclear whether the hypothesized greater reduction in BMI at

1.8 mg/day would be observed in routine clinical practice.

Reductions in BMI and percent change in BMI with liraglutide

were statistically significant compared with placebo; however,

changes from baseline overall were modest given the patients' base-

line severe obesity (mean BMI 33.9 kg/m2). Understanding the extent

to which BMI must be reduced to positively impact body composition,

metabolic health and cardiovascular disease risk is important to

ensure that treatment interventions are appropriately designed and

evaluated. Previous research has recommended to assess whether

there is a continuous association between BMI and cardiovascular dis-

ease risk parameters, particularly if changes in risk parameters per

BMI unit increase can be established.34 Others have suggested reduc-

tions of 0.2 in BMI z-score might be clinically meaningful in

children,35-37 although additional research has suggested that BMI

and percent change in BMI are better alternatives to measuring adi-

posity.23 Overall, the impact of the reductions in BMI and weight

parameters with liraglutide on broad health parameters among chil-

dren and adolescents with severe obesity and T2D is unknown and

requires additional assessment.

Weight reduction in adolescents with T2D is particularly impor-

tant because previous literature has shown that weight loss, achieved

through lifestyle interventions and/or bariatric surgery, can reduce

insulin resistance and potentially contribute to the remission of

T2D.11,38-41 Currently, recommendations for the management of T2D

in children and adolescents state that patients with new onset T2D

with an HbA1c < 8.5% (69 mmol/mol) without ketosis or acidosis

should be treated with metformin and lifestyle modification therapy

F IGURE 1 Differences in mean change from baseline in BMI and weight parameters between placebo and liraglutide overall and by liraglutide

dose, at week 52 of the ellipse trial. Data analysed using a PMM of observed data with missing observations imputed within each randomized
treatment group based on multiple (×10,000) imputations. Data were then analysed with ANCOVA model containing treatment (consisted of four
groups: placebo and the three doses of liraglutide), sex and age group as fixed effects and baseline value as covariate. ETDs and CIs were
combined using Rubin's formula. Participants categorized by dose taken for the longest time during the maintenance period, which consisted of
the double-blind and open-label parts of the trial. %BMIp95, percentage of the 95th percentile for BMI; ΔBMIp95, difference in BMI from 95th
percentile BMI; BMI, body mass index; CI, confidence interval; ETD, estimated treatment difference from baseline; PMM, pattern mixture model;
TMI, tri-ponderal mass index; WC, waist circumference

TABLE 2 Basal insulin use at baseline and week 52

Baseline Week 52 P value

Liraglutide, n [%] 15 [22.7] 14 [25.0] .76*

Placebo, n [%] 10 [14.7] 23 [43.0] .003*

*P value for the change in percentage of total participants using insulin

from baseline to week 52. P values for the change in mean dose from

baseline to week 52 were not calculated due to the small sample size. n,

number of participants.
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as first-line management.42,43 However, evidence suggests that met-

formin is not associated with meaningful weight reduction,8,9,44,45 and

the Treatment Options for T2D for Adolescents and Youth (TODAY)

study demonstrated that the median time to treatment failure

(defined as HbA1c ≥ 8.0% [64 mmol/mol] over 6 months or persistent

metabolic decompensation3) was approximately 1 year with metfor-

min monotherapy, metformin plus rosiglitazone, or metformin plus

intensive lifestyle modification.4

International and US guidelines also recommend treatment with

insulin if glycaemic goals are not met or if the initial HbA1c is ≥8.5%, or

in the presence of acidosis and/or diabetic ketoacidosis and/or other

metabolic complications.42,43 The most recent guidelines also mention

to consider the addition of liraglutide to metformin, as well as initiating

add-on insulin or continuing insulin therapy, if glycaemic targets are

not met. The addition of liraglutide can be considered if the child is

over 10 years of age and there is no medical or family history of multi-

ple endocrine neoplasia type 2 or medullary thyroid cancer.43

The recommendation to start insulin following metformin failure

in children and adolescents contrasts with guidelines for adults with

T2D, which recommend that other anti-diabetes medications such as

GLP-1 RAs and sodium-glucose co-transporter-2 inhibitors, many

associated with weight loss or weight neutrality, can be started prior

to insulin therapy, if medically appropriate.10,43 These other pharma-

cotherapy options, which are indicated for adults but not for children

and adolescents (with the exception of liraglutide), are recommended

prior to insulin due to the weight gain associated with insulin, and

subsequent increased insulin resistance.10,43 Results from this current

post hoc analysis suggest that liraglutide reduces BMI and weight

parameters in children and adolescents with T2D and obesity. As

ongoing relevant clinical trials are completed, resulting evidence may

support further updates of paediatric clinical practice guidelines to be

more closely aligned with adult guidelines.

This study has several limitations. First, this was a post-hoc analy-

sis, and the ellipse trial was not designed or powered to detect differ-

ences in BMI and weight parameters.21 Furthermore, the primary

ellipse trial was not designed to assess the potential effect of insulin

therapy on BMI and weight parameters in children and adolescents

with T2D.21 Specifically, participants were not randomized to a

liraglutide dose, nor were they necessarily titrated to the maximum

liraglutide dose (1.8 mg/day).21 Liraglutide dose titrations were based

on glycaemic effect and tolerability, which limited assessments of

dose-dependency effects.21 This limitation is readily evident with the

1.2 mg dose, where it appeared to provide the largest treatment

effect. However, as this was based on data from just 12 participants,

no firm conclusions about this can be made.

As with the primary results from the ellipse trial,21 the results may

not be generalizable to all populations due to the somewhat limited

diversity of the trial population. The majority of participants were White,

although T2D among children and adolescents disproportionally affects

Black/African American and Native American races2,46; however, it is

important to note that the ellipse study was multinational and not

powered to determine effects by race/ethnicity. Furthermore, the

impact of treatment unblinding at week 26 on BMI and weight

parameters is unknown. Finally, a common limitation in trials with ado-

lescents is the degree of missing data and suboptimal adherence to

study protocols. However, two different statistical analyses (PMM with

missing data imputed from the treatment group and PMM with missing

data imputed from the placebo group) gave similar results, supporting

the robustness of the data.

Further research is needed to evaluate the effect of liraglutide on

decreasing or discontinuing insulin therapy, the effect of insulin res-

cue on BMI reduction in children and adolescents with T2D, and the

effect of higher doses of liraglutide on BMI in children and adoles-

cents with obesity and diabetes. Further randomized controlled trials

in children and adolescents with T2D, with BMI and weight parame-

ters as primary endpoints, could be useful to add to the growing body

of research on the effect of liraglutide on weight outcomes.

In conclusion, in this post-hoc analysis of the ellipse trial,

liraglutide significantly reduced BMI (absolute and percent), %BMIp95,

ΔBMIp95 and percentage of median BMI vs placebo at week 52, but

not at week 26, with no significant dose-dependency effects observed

in children and adolescents with T2D. Further research is required to

verify the suggested efficacy of liraglutide on BMI and weight param-

eters observed in this post hoc, secondary analysis.
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