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BACKGROUND
Metformin is the regulatory-approved treatment of choice for most youth with type 2 
diabetes early in the disease. However, early loss of glycemic control has been observed 
with metformin monotherapy. Whether liraglutide added to metformin (with or without 
basal insulin treatment) is safe and effective in youth with type 2 diabetes is unknown.

METHODS
Patients who were 10 to less than 17 years of age were randomly assigned, in a 1:1 
ratio, to receive subcutaneous liraglutide (up to 1.8 mg per day) or placebo for a 26-
week double-blind period, followed by a 26-week open-label extension period. Inclu-
sion criteria were a body-mass index greater than the 85th percentile and a glycated 
hemoglobin level between 7.0 and 11.0% if the patients were being treated with diet 
and exercise alone or between 6.5 and 11.0% if they were being treated with metformin 
(with or without insulin). All the patients received metformin during the trial. The 
primary end point was the change from baseline in the glycated hemoglobin level after 
26 weeks. Secondary end points included the change in fasting plasma glucose level. 
Safety was assessed throughout the course of the trial.

RESULTS
Of 135 patients who underwent randomization, 134 received at least one dose of lira-
glutide (66 patients) or placebo (68 patients). Demographic characteristics were similar 
in the two groups (mean age, 14.6 years). At the 26-week analysis of the primary ef-
ficacy end point, the mean glycated hemoglobin level had decreased by 0.64 percentage 
points with liraglutide and increased by 0.42 percentage points with placebo, for an 
estimated treatment difference of −1.06 percentage points (P<0.001); the difference 
increased to −1.30 percentage points by 52 weeks. The fasting plasma glucose level had 
decreased at both time points in the liraglutide group but had increased in the placebo 
group. The number of patients who reported adverse events was similar in the two 
groups (56 [84.8%] with liraglutide and 55 [80.9%] with placebo), but the overall rates 
of adverse events and gastrointestinal adverse events were higher with liraglutide.

CONCLUSIONS
In children and adolescents with type 2 diabetes, liraglutide, at a dose of up to 1.8 mg 
per day (added to metformin, with or without basal insulin), was efficacious in improving 
glycemic control over 52 weeks. This efficacy came at the cost of an increased fre-
quency of gastrointestinal adverse events. (Funded by Novo Nordisk; Ellipse ClinicalTrials 
.gov number, NCT01541215.)
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The incidence of type 2 diabetes in 
children and adolescents is increasing, with 
the increase driven by childhood obesity, 

and type 2 diabetes disproportionately affects dis-
advantaged minorities.1-3 Metformin is the regula-
tory-approved treatment of choice for most youth 
with type 2 diabetes early in the disease.4,5 How-
ever, rapid decline in β-cell function combined 
with severe insulin resistance contributes to early 
loss of glycemic control with metformin mono-
therapy.2,4,6 Insulin is the only drug class approved 
for use in youth who do not have an adequate 
response to metformin monotherapy,4,5 whereas 
a large number of oral and injectable agents of 
different classes are approved for adults.7 This 
discrepancy in available treatments for youth as 
compared with adults persists because of a lack 
of successfully completed trials needed for ap-
proval of new drugs for the treatment of type 2 
diabetes in children since a trial of metformin was 
completed in 1999.8

Regulatory agencies mandate that new drugs 
that have been approved for use in adults with 
type 2 diabetes undergo efficacy and safety trials 
in youth with the disease.9,10 A phase 2 study of 
the glucagon-like peptide-1 analogue liraglutide 
showed that approved adult dose ranges were 
also appropriate for children with type 2 diabe-
tes.11,12 The Evaluation of Liraglutide in Pediatrics 
with Diabetes (Ellipse) phase 3 trial of liraglutide 
was launched in 2012, enrolled patients for a 
period of 4 years and 4 months, and was success-
fully completed in 2018. Here we report the effi-
cacy and safety outcomes of this trial.

Me thods

Trial Design and Oversight

We aimed to confirm the superiority of liraglutide 
to placebo in controlling glycemia in children and 
adolescents when added to treatment with met-
formin with or without insulin. We conducted a 
randomized, parallel-group, placebo-controlled 
trial with a 26-week double-blind period followed 
by a 26-week open-label extension period at 84 
sites in 25 countries. Written informed consent 
was obtained from a legally acceptable represen-
tative of all participants, and assent from all child 
participants was obtained except in Israel, where 
the assent form was not applicable.

The trial protocol and statistical analysis plan 
(available with the full text of this article at 
NEJM.org) were designed by the sponsor (Novo 

Nordisk). The protocol (without the statistical 
analysis plan) was developed in accordance with 
local regulations and was reviewed and approved 
by an independent ethics committee or institu-
tional review board at each site. An independent 
data monitoring committee had access to all un-
blinded data for the purpose of ensuring patient 
safety. Amendments to the protocol are listed 
in the Supplementary Appendix, available at 
NEJM.org. Site investigators gathered the data, 
and the sponsor performed site monitoring, col-
lected the data, and performed the analyses.

All the authors had access to the trial results 
and vouch for the fidelity of the trial to the pro-
tocol. The first author wrote the first draft of the 
manuscript, and the manuscript was subsequent-
ly revised and approved by all the authors, who 
agreed to submit the manuscript for publication. 
The first author also vouches for the accuracy and 
completeness of the data. An independent medi-
cal writer, funded by the sponsor, provided edi-
torial support, with guidance from the authors.

Patients

Eligible patients were 10 to less than 17 years of 
age at the time of randomization, had type 2 dia-
betes, had glycated hemoglobin levels between 
7.0 and 11.0% if they were being treated with diet 
and exercise alone or between 6.5 and 11.0% if 
they were being treated with metformin (with or 
without insulin), and had a body-mass index (BMI) 
greater than the 85th percentile (with an age- 
and sex-matched population as reference).

Patients were excluded if they had type 1 dia-
betes, maturity-onset diabetes of the young, a 
fasting C-peptide level of less than 0.6 ng per 
milliliter, or antibodies against insulinoma-asso-
ciated 2 or glutamic acid decarboxylase. Other 
exclusion criteria were the use of any antidiabetic 
agent other than metformin or basal insulin 
within 90 days before screening; a history of pan-
creatitis; serum calcitonin levels of 50 ng or more 
per liter; a personal or family history of medullary 
thyroid cancer or multiple endocrine neoplasia 
2; an alanine aminotransferase level 2.5 times 
the upper limit of the normal range or higher; 
serum creatinine levels greater than the upper 
limit of the normal range for age; a recent his-
tory of heart disease, proliferative retinopathy or 
maculopathy; and recurrent severe hypoglycemia 
or hypoglycemic unawareness. Complete inclu-
sion and exclusion criteria are listed in the Sup-
plementary Appendix.
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Trial Procedures

All screening variables to determine eligibility were 
assessed within a 2-week period. Eligible patients 
entered an 11-to-12-week run-in period (3 to 4 
weeks during which metformin was increased to 
the maximum tolerated dose between 1000 mg 
and 2000 mg per day, followed by 8 weeks of 
maintenance). Eligibility criteria included a fast-
ing plasma glucose level between 126 mg and 
220 mg per deciliter (between 7.0 mmol and 12.2 
mmol per liter) and a stable metformin dose (in 
most patients, 1000 mg to 2000 mg per day) for 
at least 8 weeks. Patients who were receiving met-
formin at a dose of more than 2000 mg when they 
entered the trial continued receiving that dose. 
Patients who were being treated with basal insu-
lin had to have been on a stable dose for at least 
8 weeks. Diet and exercise counseling was provid-
ed, according to local standards, at several visits.

Eligible patients were randomly assigned, in 
a 1:1 ratio, to receive subcutaneous liraglutide or 
placebo for 26 weeks, in combination with met-
formin, with or without basal insulin, on a back-
ground of a diet and exercise regimen. An inter-
active voice-response or Web-based response 
system randomly assigned the patients and main-
tained blinding until the end of week 26. Ran-
domization was stratified by sex and by age at 
the end of treatment (≤14 years or >14 years).

After randomization, administration of lira-
glutide or placebo by subcutaneous injection 
(with visually identical prefilled pen injectors) 
was initiated at a dose of 0.6 mg per day, and the 
dose was escalated in both groups in increments 
of approximately 0.6 mg each week over the course 
of 2 to 3 weeks. Dose adjustment was based on 
side effects and the efficacy of the lower dose. 
Doses were not increased if the average of three 
fasting plasma glucose measurements during  
3 consecutive days preceding the dose-escalation 
visit was 110 mg per deciliter (6.1 mmol per liter) 
or less. If the average fasting plasma glucose was 
more than 110 mg per deciliter, the dose was in-
creased in 0.6-mg increments to a maximum 
dose of 1.8 mg per day. After the 3-week dose-
escalation period, patients maintained a stable 
dose of liraglutide or placebo. Patients who were 
being treated with basal insulin reduced their 
insulin doses by 20% at the time of randomiza-
tion, but after completion of the dose-escalation 
period of liraglutide or placebo, the basal insulin 
dose could be increased — but to no more than 
the baseline dose.

The treatment assignment (liraglutide or pla-
cebo) was unblinded after the 26-week visit, but 
the trial continued for an additional 26-week 
open-label period. During the open-label period, 
patients assigned to liraglutide continued their 
treatment unchanged, whereas those assigned to 
placebo discontinued the placebo but continued 
metformin (with or without basal insulin).

Prespecified criteria for rescue treatment with 
insulin that were based on fasting plasma glucose 
levels were applied to ensure acceptable glycemic 
control in both treatment groups. Rescue treat-
ment, which was administered in addition to the 
trial product, was prescribed at the investigators’ 
discretion (see the Supplementary Appendix). Basal 
insulin, either alone or in combination with rapid-
acting insulin, was permitted.

End Points

The primary efficacy end point was the change 
from baseline in glycated hemoglobin level at week 
26. Confirmatory secondary efficacy end points 
were the change in fasting plasma glucose levels 
from baseline, the percentage of patients who 
reached a glycated hemoglobin level of less than 
7.0%, and the change from baseline in the BMI 
z score (the z score represents the number of 
standard deviations by which the BMI differs from 
the mean in a reference sex- and age-matched 
population), all at week 26 (also measured at 
week 52). Additional secondary end points in-
cluded the changes from baseline in body weight, 
fasting lipid levels, and systolic and diastolic 
blood pressure.

Adverse events, serious adverse events, and 
medical events of special interest were assessed 
throughout the trial (definitions are provided in 
the Supplementary Appendix). Hypoglycemic epi-
sodes were classified according to the Novo Nor-
disk and American Diabetes Association defini-
tions (see the Supplementary Appendix). Lipase, 
amylase, and calcitonin levels at baseline and dur-
ing the trial were evaluated with standard labora-
tory tests.

Statistical Analyses

The sample size was calculated for the primary 
glycated hemoglobin end point alone; we deter-
mined that a sample size of 47 patients in each 
treatment group would give the study 80% power, 
assuming a mean (±SD) difference of 0.9±1.2 
percentage points between the liraglutide group 
and the placebo group (a difference of 0.7 percent-
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age points after adjustment for a 22% withdrawal 
rate). According to regulatory requirements, at 
least 30% of patients who underwent random-
ization were to be 10 to 14 years of age, at least 
40% were to be female, and at least 30% were to 
be from the European Union or from countries 
with lifestyle and diabetes care similar to those 
in European Union countries. The full analysis 
set (patients as randomly assigned) and the safety 
analysis set (patients as treated) included all pa-
tients who received at least one dose of liraglutide 
or placebo.

For the primary statistical analysis, we used a 
pattern-mixture model, which allowed estimation 
of the treatment difference for all patients in the 
full analysis set, regardless of whether they re-
ceived rescue treatment with insulin. Missing data 

at week 26 were imputed with the use of a re-
gression model that was based on data from pa-
tients in the placebo group who completed week 
26, with missing data for patients in the placebo 
group imputed from data throughout the trial 
and missing data for patients in the liraglutide 
group imputed from baseline data.

Missing data at week 26 were imputed 10,000 
times, and for each of the 10,000 imputed data 
sets, the change in glycated hemoglobin level 
from baseline to week 26 was assessed with an 
analysis of covariance, with treatment and strat-
ification groups (sex and age group) as categori-
cal fixed effects and baseline glycated hemoglo-
bin level as a covariate. The results obtained from 
analyzing the data sets were combined with the 
use of Rubin’s rule to draw inference.13

Figure 1. Screening, Randomization, and Follow-up.

The number of patients who were screened (307) and the number who were randomly assigned to a group (135) 
were higher than anticipated owing to the time that regulatory authorities needed to review and approve a protocol 
amendment. Once the amendment was approved, all screening of patients was stopped. One patient in the placebo 
group who underwent randomization in error did not receive the assigned placebo.

135 Underwent randomization

307 Patients were screened

152 Did not meet eligibility criteria 
20 Withdrew before randomization

56 Completed the trial
 Week 26
   60 Completed treatment
   57 Completed treatment without rescue
        medication
Week 52
 56 Completed treatment
 47 Completed treatment without rescue
      medication

66 Were assigned to liraglutide 
66 Received at least one dose

69 Were assigned to placebo 
68 Received at least one dose

10 Did not complete the trial
     6 Met criteria for withdrawal
     4 Were nonadherent

16 Did not complete the trial
     8 Met criteria for withdrawal
     4 Were nonadherent
     1 Had an adverse event
     3 Had other reasons

66 Were included in the full analysis set and
     the safety analysis set

68 Were included in the full analysis set and
     the safety analysis set

53 Completed the trial
 Week 26
  58 Completed treatment
46 Completed treatment without rescue
     medication

Week 52
  53 Completed treatment
35 Completed treatment without rescue
     medication
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Primary and confirmatory secondary end 
points were analyzed in the order of the hierarchy 
to maintain a family-wise type I error rate of 5% 
in tests of the superiority of liraglutide to pla-
cebo with respect to the change from baseline in 
fasting plasma glucose level, glycated hemoglo-
bin level of less than 7.0%, and BMI z score after 
26 weeks of treatment. To be able to claim supe-

riority for the listed end points, we first needed 
to show superiority with respect to the primary 
end point. A sensitivity analysis (mixed model of 
repeated measurements) in which data after ini-
tiation of rescue treatment were excluded was 
completed for all end points. Details of the 
other sensitivity analyses are provided in the 
Supplementary Appendix. Post hoc analyses of 

Characteristic
Liraglutide 

(N = 66)
Placebo 
(N = 68)

Total 
(N = 134)

Age — yr 14.6±1.7 14.6±1.7 14.6±1.7

Female sex — % 62.1 61.8 61.9

Age of 10 to 14 yr at end of trial — no. (%) 21 (31.8) 19 (27.9) 40 (29.9)

Region — no. (%)

Asia 6 (9.1) 6 (8.8) 12 (9.0)

Europe 24 (36.4) 21 (30.9) 45 (33.6)

North America 28 (42.4) 35 (51.5) 63 (47.0)

Rest of the world 8 (12.1) 6 (8.8) 14 (10.4)

Race or ethnic group — no. (%)†

White 42 (63.6) 45 (66.2) 87 (64.9)

Black 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

Other 3 (4.5) 7 (10.3) 10 (7.5)

Hispanic or Latino ethnic group — no. (%)†

Yes 16 (24.2) 23 (33.8) 39 (29.1)

No 50 (75.8) 45 (66.2) 95 (70.9)

Duration of diabetes — yr 1.9±1.7 1.9±1.3 1.9±1.5

Body weight — kg 93.3±31.0 89.8±22.1 91.5±26.8

BMI‡ 34.55±10.87 33.27±7.36 33.90±9.25

BMI z score 3.03±1.47 2.86±1.11 2.94±1.30

Glycated hemoglobin — % 7.87±1.35 7.69±1.34 7.78±1.34

Fasting plasma glucose — mg/dl 156.8±52.2 146.8±38.3 151.7±45.8

Blood pressure — mm Hg

Systolic 118.4±11.4 115.3±12.0 116.8±11.8

Diastolic 73.2±8.5 71.2±7.6 72.2±8.1

Metformin dose at baseline — mg 1912±286 1877±384 1894±339

Basal insulin use at baseline

No. (%) of patients 15 (22.7) 10 (14.7) 25 (18.7)

Mean dose — U 29.6±19.5 29.6±17.7 29.6±18.4

*	�There were no significant differences between the groups in the characteristics listed. Percentages may not total 100 
because of rounding. To convert the values for plasma glucose to millimoles per liter, multiply by 0.05551.

†	�Race and ethnic group were reported by the patient or the patient’s guardian.
‡	�The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters.

Table 1. Baseline Characteristics of the Patients.*
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the primary end point and two of the confirma-
tory secondary end points were performed with 
data stratified by sex and age group.

Proportions of patients who attained specified 
glycated hemoglobin levels were analyzed with 
the use of logistic regression (with missing data 
imputed as in the primary analysis). We analyzed 
additional secondary end points using a pattern-
mixture model with multiple imputations (as for 
primary analysis). Safety end points were sum-
marized with descriptive statistics.

Testing of the supportive secondary end points 
(all secondary end points other than the end 
points in the hierarchy) and post hoc subgroup 
analyses were not adjusted for multiplicity. Re-
sults are reported as point estimates with 95% 
confidence intervals, and widths of these confi-
dence intervals should not be used to infer de-
finitive treatment effects.

R esult s

Patient Demographics and Clinical 
Characteristics

Enrollment began in November 2012 and was 
completed in May 2018. Of 307 patients screened, 
135 were randomly assigned to a trial group, of 
whom 134 received at least one dose of either 
liraglutide (66 patients) or placebo (68 patients; 
1 patient in this group did not received any dose) 
(Fig. 1, and Table S1 in the Supplementary Ap-
pendix). These 134 patients made up the full and 
safety analysis sets. Among all patients who 
underwent randomization, 118 patients (87.4%) 
— 60 (90.9%) in the liraglutide group and 58 
(84.1%) in the placebo group — completed 26 
weeks of treatment. Subsequently, 109 patients 
(80.7%) completed 52 weeks of treatment — 56 
(84.8%) in the liraglutide group and 53 (76.8%) 
in the placebo group. A total of 86.4% of the pa-
tients in the liraglutide group and 66.7% in the 
placebo group completed the assigned regimen 
until week 26 without rescue medication, and 
71.2% and 50.7%, respectively, completed the 
assigned regimen until week 52 without rescue 
medication. The baseline characteristics were bal-
anced between the two groups (Table 1).

Dose Escalation Period

At the end of week 3, a total of 55.6% of the 
patients in the liraglutide group and 72.7% in 

the placebo group reached the 1.8-mg dose (Fig. 
S1 in the Supplementary Appendix). Throughout 
the remainder of the trial, doses in both groups 
remained relatively stable. Most patients did not 
receive the maximum dose of liraglutide or placebo 
because fasting plasma glucose levels of 110 mg 
or less per deciliter were achieved with the lower 
dose. Only six patients who received liraglutide and 
four who received placebo were unable to increase 
the dose, owing to unacceptable side effects.

Efficacy Outcomes

Mean glycated hemoglobin levels at week 26 (the 
primary efficacy end point) were reduced from 
baseline by 0.64 percentage points in the liraglu-
tide group, whereas the levels increased by 0.42 
percentage points in the placebo group (esti-
mated treatment difference, −1.06 percentage 
points; 95% confidence interval [CI], −1.65 to 
−0.46; P<0.001). This finding showed the supe-
riority of liraglutide to placebo. The estimated 
treatment difference increased at week 52 (−1.30 
percentage points; 95% CI, −1.89 to −0.70) 
(Fig. 2A). All six sensitivity analyses showed treat-
ment differences consistent with the primary 
analysis, and there were no indications of effect 
by sex or age group (Fig. S2 and Table S2 in the 
Supplementary Appendix).

The superiority of liraglutide to placebo in 
reducing fasting plasma glucose levels by 26 
weeks and by 52 weeks was also shown (Fig. 2B). 
Moreover, 63.7% of the patients in the liraglu-
tide group, as compared with 36.5% in the pla-

Figure 2 (facing page). Change from Baseline during 
the 52-Week Trial Period in the Primary and Two  
Secondary End Points.

Shown are the changes from baseline in the mean gly-
cated hemoglobin level (the primary end point; Panel 
A), fasting plasma glucose level (Panel B), and BMI z 
score (Panel C) in the liraglutide group and the place-
bo group. Means are estimated from a mixed model of 
repeated measurements (MMRM) that included treat-
ment, sex, and age group as fixed effects and baseline 
value as a covariate, all nested as interactions accord-
ing to patient visits. Results from a pattern-mixture 
model (PMM) are shown at weeks 26 and 52. In the 
MMRM, data collected after initiation of rescue medi-
cation were handled as missing data. Liraglutide data 
included data from all patients who received liraglutide 
at any dose. I bars indicate standard errors. ETD de-
notes estimated treatment difference.
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cebo group, attained glycated hemoglobin levels 
of less than 7.0% (P<0.001) (Fig. S3 in the Sup-
plementary Appendix). In contrast, the statistical 
superiority of liraglutide to placebo in lowering 
the BMI z score was not shown; the estimated 
treatment difference at week 26 was −0.05 (95% 
CI, −0.15 to 0.06), which subsequently increased 
at week 52 to −0.18 (95% CI, −0.33 to −0.03) 
(Fig. 2C). Similarly, mean body weight decreased 
in both groups at week 26 (−2.3 kg with liraglu-
tide and −0.99 kg with placebo) but was main-
tained only with liraglutide at week 52 (−1.91 kg 
with liraglutide vs. 0.87 kg with placebo).

Very-low-density lipoprotein cholesterol levels 
were decreased more with liraglutide than with 
placebo at week 26 (ratio of change between lir
aglutide and placebo, 0.82; 95% CI, 0.72 to 0.94), 
as were triglyceride levels (ratio of change, 0.83; 
95% CI, 0.72 to 0.95), but no differences were ap-
parent at week 52. No between-group differences 
were seen in systolic and diastolic blood pres-
sure at either time point (Tables S3 and S4 in the 
Supplementary Appendix).

Safety Outcomes

The percentage of patients with adverse events 
with an onset (or increase in severity) on or after 
the first day of exposure to the trial drug and no 
later than 7 days after the last day of receipt of 
the trial drug was similar in the liraglutide and 
placebo groups (Table 2, and Table S5 in the Sup-
plementary Appendix). However, the rate of ad-
verse events per 1 patient-year of exposure was 
higher with liraglutide than with placebo (Ta-
ble 2), primarily owing to a higher incidence of 
gastrointestinal adverse events, especially during 
the initial 8 weeks. Nausea was the most frequent-
ly reported adverse event (Table 2), and the major-
ity of all adverse events were mild in severity, re-
solved, and were considered by the investigators to 
be unrelated to liraglutide or placebo.

A higher percentage of patients in the liraglu-
tide group than in the placebo group had serious 
adverse events and medical events of special in-
terest (Table 2). There was no clustering of serious 
adverse events (Table S6 in the Supplementary 
Appendix). No deaths were reported.

The percentage of patients who had hypogly-
cemic episodes and the incidence of hypoglycemia 
were higher with liraglutide than with placebo 
(Table 2). There were no severe hypoglycemic epi-
sodes with liraglutide, and there was one severe 

episode in the placebo group in an insulin-treated 
patient.

The majority of patients in both treatment 
groups had normal lipase and amylase values, 
and all had normal calcitonin levels overall dur-
ing the 52 weeks (Fig. S4 in the Supplementary 
Appendix). However, lipase levels were higher with 
liraglutide than with placebo at week 26 (treatment 
ratio 1.20; 95% CI, 1.08 to 1.32) and at week 52 
(treatment ratio, 1.11; 95% CI, 1.01 to 1.23), where-
as amylase levels were similar in the two treat-
ment groups at week 26 and week 52.

Discussion

Results from this double-blind, randomized, 
phase 3 trial showed the superiority of liraglutide 
to placebo in improving glycemic control at 26 
weeks in youth with type 2 diabetes who had not 
had an adequate response to metformin, with or 
without insulin. Liraglutide also lowered fasting 
plasma glucose more than placebo, and almost 
twice as many patients in the liraglutide group 
than in the placebo group reached glycated he-
moglobin levels less than 7.0%. Moreover, over 
the course of 52 weeks, a decrease of 0.50 per-
centage points in mean glycated hemoglobin 
levels was observed with liraglutide, whereas an 
increase of 0.80 percentage points was observed 
with placebo — an increase similar to previously 
reported changes in glycated hemoglobin levels 
observed over 12 months in youth with type 2 
diabetes treated with metformin with or without 
insulin.14,15

An unexpected finding of this trial was the 
lack of difference between the groups in BMI z 
score or body weight at week 26, a finding that 
differs from the results of trials in adults.16,17 Al-
though the mean difference in weight loss be-
tween these treatment groups was similar to that 
in trials involving adults,16,17 the relatively small 
number of patients in the current study and the 
fact that some children were probably still grow-
ing may explain the findings. Another explana-
tion may be the fact that only approximately 
50% of the liraglutide group received the full 
dose of 1.8 mg per day during the trial.

As was the case in studies involving adults 
with type 2 diabetes,16,17 mild gastrointestinal 
complaints were the main cause of increased 
rates of adverse events with liraglutide. The ob-
served incidence of hypoglycemia in the liraglu-
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tide group was low as compared with the previ-
ously reported incidence of clinically important 
hypoglycemia in youth with type 1 diabetes,18,19 
and many of the reported hypoglycemic episodes 
were due to low plasma glucose levels, without 
any symptoms.

A potential limitation of this trial is the dose-
escalation schedule that we used, including the 
possibility that the escalation may have been too 
quick, since only approximately 50% of the pa-
tients received the highest dose of liraglutide. The 
fact that approximately half the patients did not 
receive the highest dose may have limited data 
collection related to the safety profile of liraglu-
tide. The trial was also limited by the long re-
cruitment period (owing to problems inherent in 
clinical trials of youth with type 2 diabetes2), 
which necessitated some protocol amendments. 
In addition, because of the somewhat limited 
diversity of the trial population, the results may 
not be generalizable to all other populations.

In summary, the current study showed the 
superiority of liraglutide to placebo, when added 
to metformin, with or without basal insulin, with 
respect to glycemic control in children and ado-
lescents. Gastrointestinal adverse events were more 
common in the liraglutide group.

Supported by Novo Nordisk. U.K. entities, including the U.K. 
Medical Research Council, National Institutes of Health Re-
search (NIHR) Translational Research Collaboration for Rare 
Diseases, and the NIHR Wellcome Clinical Research Facility, 
provided institutional grants to the trial sites, but no financial 
support was given to the patients.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

We thank Gillian Groeger, Ph.D., and Izabel James, M.B., 
B.S., of Watermeadow Medical, an Ashfield company, part of 
UDG Healthcare, for medical writing and editing support, fund-
ed by Novo Nordisk; and T.V.S. Divyalasya, who reviewed an 
earlier version of the manuscript on behalf of Novo Nordisk.

This article is dedicated to the late Heather Millage, vice pres-
ident for liraglutide for type 2 diabetes, Novo Nordisk, for her 
support of the Ellipse trial.

References
1.	 International Diabetes Federation. 
IDF diabetes atlas. 8th ed. 2017 (https://
diabetesatlas​.org/​resources/​2017​-atlas​
.html).
2.	 Nadeau KJ, Anderson BJ, Berg EG, et 
al. Youth-onset type 2 diabetes consensus 
report: current status, challenges, and 
priorities. Diabetes Care 2016;​39:​1635-
42.
3.	 Ng M, Fleming T, Robinson M, et al. 
Global, regional, and national prevalence 
of overweight and obesity in children and 
adults during 1980-2013: a systematic 
analysis for the Global Burden of Disease 
Study 2013. Lancet 2014;​384:​766-81.
4.	 Arslanian S, Bacha F, Grey M, Marcus 
MD, White NH, Zeitler P. Evaluation and 
management of youth-onset type 2 diabe-
tes: a position statement by the American 
Diabetes Association. Diabetes Care 2018;​
41:​2648-68.
5.	 Zeitler P, Arslanian S, Fu J, et al. 
ISPAD clinical practice consensus guide-
lines 2018: type 2 diabetes mellitus in 
youth. Pediatr Diabetes 2018;​19:​Suppl 27:​
28-46.
6.	 TODAY Study Group. A clinical trial 
to maintain glycemic control in youth 
with type 2 diabetes. N Engl J Med 2012;​
366:​2247-56.
7.	 Davies MJ, D’Alessio DA, Fradkin J, et 
al. Management of hyperglycemia in type 
2 diabetes, 2018: a consensus report by 
the American Diabetes Association (ADA) 
and the European Association for the 
Study of Diabetes (EASD). Diabetes Care 
2018;​41:​2669-701.

8.	 Jones KL, Arslanian S, Peterokova VA, 
Park JS, Tomlinson MJ. Effect of metfor-
min in pediatric patients with type 2 dia-
betes: a randomized controlled trial. Dia-
betes Care 2002;​25:​89-94.
9.	 Reflection paper on the use of extrap-
olation in the development of medicines 
for paediatrics (draft). London:​ European 
Medicines Agency, October 9, 2017 
(http://www​.ema​.europa​.eu/​docs/​en_GB/​
document_library/​Scientific_guideline/​
2017/​10/​WC500236640​.pdf).
10.	 Pediatric study plans:​ content of and 
process for submitting initial pediatric 
study plans and amended initial pediatric 
study plans guidance for industry. Draft 
guidance. Rockville, MD:​ Food and Drug 
Administration, March 2016 (https://
www​.fda​.gov/​downloads/​drugs/​ 
guidancecomplianceregulatory 
information/​guidances/​ucm360507​.pdf).
11.	 Klein DJ, Battelino T, Chatterjee DJ, 
Jacobsen LV, Hale PM, Arslanian S. Lira-
glutide’s safety, tolerability, pharmacoki-
netics, and pharmacodynamics in pediatric 
type 2 diabetes: a randomized, double-
blind, placebo-controlled trial. Diabetes 
Technol Ther 2014;​16:​679-87.
12.	 Petri KC, Jacobsen LV, Klein DJ. Com-
parable liraglutide pharmacokinetics in 
pediatric and adult populations with type 
2 diabetes: a population pharmacokinetic 
analysis. Clin Pharmacokinet 2015;​54:​
663-70.
13.	 Little RJA, Rubin DB. Statistical anal-
ysis with missing data. Hoboken, NJ:​ John 
Wiley, 1987.

14.	 Nambam B, Silverstein J, Cheng P, et 
al. A cross-sectional view of the current 
state of treatment of youth with type 2 
diabetes in the USA: enrollment data 
from the Pediatric Diabetes Consortium 
Type 2 Diabetes Registry. Pediatr Diabe-
tes 2017;​18:​222-9.
15.	 Tamborlane WV, Chang P, Kollman C, 
et al. Eligibility for clinical trials is limit-
ed for youth with type 2 diabetes: insights 
from the Pediatric Diabetes Consortium 
T2D Clinic Registry. Pediatr Diabetes 
2018;​19:​1379-84.
16.	 Nauck M, Frid A, Hermansen K, et al. 
Efficacy and safety comparison of liraglu-
tide, glimepiride, and placebo, all in com-
bination with metformin, in type 2 diabe-
tes: the LEAD (Liraglutide Effect and 
Action in Diabetes)-2 study. Diabetes Care 
2009;​32:​84-90.
17.	 Russell-Jones D, Vaag A, Schmitz O, 
et al. Liraglutide vs insulin glargine and 
placebo in combination with metformin 
and sulfonylurea therapy in type 2 diabe-
tes mellitus (LEAD-5 met+SU): a ran-
domised controlled trial. Diabetologia 
2009;​52:​2046-55.
18.	 Beck RW, Tamborlane WV, Bergenstal 
RM, Miller KM, DuBose SN, Hall CA. The 
T1D Exchange clinic registry. J Clin Endo-
crinol Metab 2012;​97:​4383-9.
19.	 Cengiz E, Connor CG, Ruedy KJ, et al. 
Pediatric Diabetes Consortium T1D New 
Onset (NeOn) study: clinical outcomes 
during the first year following diagnosis. 
Pediatr Diabetes 2014;​15:​287-93.
Copyright © 2019 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org by SPYRIDON KARAMAGKIOLIS on February 12, 2022. For personal use only. No other uses without permission. 

 Copyright © 2019 Massachusetts Medical Society. All rights reserved. 


