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ARTICLE HIGHLIGHTS

• Why did we undertake this study?
Semaglutide is an approved weight management treatment for adolescents with obesity. However, its effects on insulin sensitivity, glycemia, and
cardiometabolic risk factors remain unknown and need elucidation.

• What is the specific question(s) we wanted to answer?
How does once-weekly subcutaneous semaglutide 2.4 mg versus placebo affect insulin sensitivity, glycemic measures, and cardiometabolic risk
factors in adolescents living with obesity?

• What did we find?
Participants treated with semaglutide 2.4 mg had significantly greater improvements in insulin sensitivity, glycemic measures, and cardiometabolic
risk factors compared with placebo.

• What are the implications of our findings?
These novel data support that semaglutide 2.4 mg, in addition to providing efficacious weight reduction, improves health by reducing
obesity-related cardiometabolic risk factors in adolescents with obesity.
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OBJECTIVE

This secondary analysis of the Semaglutide Treatment Effect in People with obe
sity (STEP) TEENS (NCT04102189) study investigated the effect of semaglutide 
2.4 mg versus placebo on insulin sensitivity and cardiometabolic risk factors.

RESEARCH DESIGN AND METHODS

The STEP TEENS phase 3a randomized study in adolescents (aged 12 to <18 years) with 
obesity demonstrated that once-weekly subcutaneous semaglutide 2.4 mg provided a 
significantly greater percentage reduction in BMI than placebo at week 68 (estimated 
difference −16.7 percentage points; P = 0.0001). This analysis investigated changes in 
insulin sensitivity and cardiometabolic risk factors from baseline to week 68.

RESULTS

Overall, 193 participants without type 2 diabetes were included in the analysis. 
Participants receiving semaglutide 2.4 mg (n = 129) compared with those receiv
ing placebo (n = 64) had greater reductions from baseline in fasting serum insulin 
(−33.6% vs. −10.1%; P = 0.0012), homeostatic model assessment for insulin re
sistance (HOMA-IR) score (−35.0% vs. −5.3%; P = 0.0002), glycemic measures 
(glycated hemoglobin: P < 0.0001; fasting plasma glucose: P = 0.0181), alanine 
aminotransferase (ALT; −17.9% vs. −3.3%; P = 0.0232), waist-to-height ratio 
(P < 0.0001), triglycerides (P < 0.0001), LDL cholesterol (P = 0.0105), and total cho
lesterol (P < 0.0001). Moreover, greater improvements in insulin sensitivity, glyce
mic measures, and cardiometabolic risk factors were seen in semaglutide 2.4 mg 
recipients with BMI reductions of ≥20% versus <20%.

CONCLUSIONS

These novel data support semaglutide 2.4 mg as an efficacious obesity treatment 
in adolescents with obesity and advance its application by showing associated 
improvements in insulin sensitivity, glycemic measures, ALT, and other cardiome
tabolic risk factors.

Obesity in children and adolescents is defined as abnormal or excessive body fat 
accumulation that presents a risk to health (1). In 2020, globally, ∼430 million chil
dren and adolescents aged 5–19 years were estimated to have obesity, a figure 
which is projected to increase to 770 million by 2035 (2). Early childhood is a criti
cal time in the development of obesity; once manifested, obesity tracks into adoles
cence and adulthood (3). Excessive body fat accumulation during childhood is 
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associated with the development of 
serious chronic diseases, such as type 2 di
abetes, dyslipidemia, hypertension, meta
bolic dysfunction–associated steatotic liver 
disease (MASLD), obstructive sleep apnea, 
cardiovascular disease, and premature 
death (4–8).

Current evidence suggests that the in
creasing prevalence of youth-onset type 2 
diabetes is driven by an increase in child
hood obesity (9), and severe adolescent 
obesity substantially increases the risk of 
type 2 diabetes in early adulthood in both 
sexes (10), with the first signs of metabolic 
deterioration already present at a young 
age in children with obesity (11). Addition
ally, type 2 diabetes in adolescents exhibits 
an aggressive clinical course characterized 
by rapid deterioration in β-cell function, 
early onset and rapid progression of com
plications, and inferior treatment response 
compared with adult type 2 diabetes 
(12–14). Therefore, prevention of type 2 
diabetes is of paramount importance.

Obesity and type 2 diabetes, whether 
in adults or adolescents, share insulin re
sistance as a common pathophysiological 
mechanism (15). However, insulin resis
tance in adolescents is worse than in 
adults. Adolescents with obesity and 
impaired glucose tolerance matched to 
adults for BMI, sex, and race had ∼53% 
lower hepatic insulin sensitivity, ∼42% 
lower peripheral insulin sensitivity, and 
twofold higher fasting serum insulin de
spite having a similar body fat percentage 
(15). Similar results were demonstrated 
by the RISE Consortium, which reported 
∼46% lower clamp-measured peripheral 
insulin sensitivity and ∼50% lower 1/fast
ing serum insulin, a surrogate for insulin 
sensitivity (16,17). A substantial body of 
evidence has accumulated regarding the 
issue of obesity-related cardiovascular risk 
in childhood (18), notably the number of 
identified risk factors escalates in propor
tion to the severity of childhood obesity 
(19). Therefore, not only is the early treat
ment of childhood obesity of paramount 
importance (9,20,21), but alleviation of 
the characteristics of severe insulin resis
tance and reduction of cardiometabolic 
risk are essential in adolescents with 
obesity.

Between 2003 and 2022, five obesity 
pharmacotherapies were approved by the 
U.S. Food and Drug Administration for ado
lescents: liraglutide, semaglutide, orlistat, 
and phentermine/topiramate extended- 
release capsules (for those aged ≥12 years), 

and phentermine for short-term use (for 
those aged >16 years), two of which 
(liraglutide and semaglutide) are also 
approved by the European Medicines 
Agency (for those aged ≥12 years) 
(6,7,22–26). Setmelanotide is also ap
proved by both agencies for use in peo
ple with rare monogenetic obesity (for 
those aged ≥2 years) (27,28).

Semaglutide 2.4 mg is a long-acting 
glucagon-like peptide 1 (GLP-1) analog 
approved for once-weekly subcutaneous 
injection for chronic weight management 
in adolescents (aged ≥12 years) with 
obesity (25,26). The Semaglutide Treat
ment Effect in People with obesity (STEP) 
TEENS study (ClinicalTrials.gov reg. no. 
NCT04102189) demonstrated that once- 
weekly semaglutide 2.4 mg was superior to 
placebo in terms of mean percentage re
duction in BMI from baseline to week 68, 
with an estimated difference of −16.7 per
centage points for the treatment policy es
timand (P < 0.0001) (29). Furthermore, a 
secondary analysis of the STEP TEENS 
study demonstrated that treatment with 
semaglutide 2.4 mg resulted in 44.9% of 
participants achieving a BMI below the 
obesity threshold, compared with 12.1% 
of participants in the placebo group (30). 
To further probe the insulin-sensitizing 
and cardiometabolic benefits of once- 
weekly subcutaneous semaglutide 2.4 mg 
in adolescents with obesity, the present 
secondary analysis was conducted.

The objective of this secondary analysis 
was to evaluate insulin sensitivity, glucose 
metabolism, and cardiometabolic risk fac
tors in participants with obesity from the 
STEP TEENS study. This analysis also eval
uated cardiometabolic risk factors by BMI 
reduction from baseline to week 68.

RESEARCH DESIGN AND METHODS

Study Design and Participants
STEP TEENS was a 68-week, double-blind, 
randomized, placebo-controlled, phase 3a 
clinical study conducted at 37 sites across 
eight countries from October 2019 through 
March 2022; the full methodology has 
previously been published (29).

The study included adolescents aged 
12 to <18 years, with a BMI ≥95th per
centile or a BMI ≥85th percentile with 
≥1 comorbidity who had at least one 
self-reported unsuccessful dietary 
effort to lose weight. Exclusion crite
ria were weight change >5 kg or obe
sity medication use ≤90 days before 

screening, prior bariatric surgery, uncon
trolled thyroid disease, presence of sec
ondary obesity causes, major depressive 
disorder ≤2 years before screening, per
sonal or family history of multiple endo
crine neoplasia type 2 or medullary 
thyroid carcinoma, history of type 1 dia
betes, diagnosis of severe psychiatric 
disorder or bulimia nervosa, and history 
of suicide attempt. For the present anal
ysis, participants with type 2 diabetes (n 
= 8) were excluded to ensure homoge
neity among the participants included.

Efficacy Outcomes and Analyses
The primary end point of the STEP 
TEENS study was the percentage change 
in BMI from baseline (time of randomi
zation) to week 68 (29). In this second
ary analysis, the following prespecified 
supportive secondary and exploratory end 
points from the STEP TEENS study were as
sessed from baseline (week 0) to week 68: 
body weight (kg and percentage); waist 
circumference (cm); systolic and diastolic 
blood pressure (mmHg); glycated hemoglo
bin (HbA1c) at screening only for partici
pants without type 2 diabetes who are 
part of the present analysis (percentage 
and mmol/mol); fasting plasma glucose 
(FPG; mmol/L and mg/dL); fasting serum 
insulin (pmol/L and mU/L); homeostatic 
model assessment for insulin resistance 
(HOMA-IR; score); liver enzyme ALT 
(units/L); and fasting lipids (mmol/L and 
mg/dL), which included total choles
terol, HDL cholesterol, LDL cholesterol, 
VLDL cholesterol, and triglycerides. Ad
ditional exploratory end points included 
changes from baseline (week 0) to week 68 
in waist-to-height ratio and estimated glo
merular filtration rate (eGFR), and the 
proportion of participants with prediabe
tes at baseline achieving normoglycemia 
at week 68. Additionally, the proportion 
of participants with cardiometabolic risk 
factors was assessed. Hypertriglyceride
mia, low HDL, elevated systolic and 
diastolic blood pressure, FPG, and ALT at 
week 68 were assessed. Thresholds for risk 
were defined as follows: hypertrigly
ceridemia as serum triglyceride levels 
≥1.7 mmol/L (≥150 mg/dL); low HDL 
cholesterol as ≤1.0 mmol/L (≤40 mg/dL); 
high systolic and diastolic blood pressure 
were ≥130 and ≥80 mmHg, respectively; 
high FPG ≥5.6 mmol/L; and elevated ALT 
>25.8 and >22.1 units/L in male and 
female participants, respectively.
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All end points were also assessed ac
cording to stratification of BMI reduction 
in participants receiving semaglutide 2.4 mg 
only (<5% [this group includes those 
whose BMI increased], ≥5% to <20%, 
and ≥20% BMI reduction). An analysis 
comparing semaglutide 2.4 mg versus 
placebo responder subgroups was not 
performed, because differences in their 
respective trajectories could not be ex
plained as a result of unknown underly
ing differences in semaglutide 2.4 mg 
versus placebo recipients.

Laboratory testing was conducted cen
trally by ICON Laboratory Services, Inc. 
(all standard laboratory assessments for 
efficacy and safety) in STEP TEENS and 
all global phase 3a STEP studies. Assess
ments were reported with pediatric refer
ence ranges (age- and sex-specific cutoffs) 
for the lower and upper limit of normal, 
specifically for assays and methods used.

Statistical Analyses
The analysis model for all end points 
was a linear regression model (ANCOVA) 
with randomized treatment and stratifi
cation factor (sex, Tanner stage [2–3 vs. 
4–5], and their interaction) as factors 
and baseline value as covariates. A multi
ple imputation approach was used for 
missing data (31). The resulting estimated 
treatment differences (ETDs) were re
ported with 95% CIs and corresponding 
P values. These analyses addressed a 
treatment policy estimand, in which all 
data collected during the study were in
cluded for all randomized participants 
regardless of adherence to treatment or 
initiation of other antiobesity therapies 
(32). P values <0.05 were considered 
statistically significant. Statistical analy
ses were not adjusted for multiplicity. 
Statistical analyses were carried out for 
change from baseline to week 68 in 
HbA1c, fasting serum insulin, HOMA-IR, 
cardiometabolic risk factors (including 
serum lipids and ALT), for semaglutide 
2.4 mg versus placebo in the entire 
study population (excluding those with 
type 2 diabetes). For change from base
line to week 68 in various end points 
in the semaglutide 2.4 mg group by 
BMI reduction, descriptive statistics are 
presented. Statistical analyses were per
formed with the use of SAS software 
(version 9.4; SAS Institute).

Data and Resource Availability
Data will be shared with bona fide re
searchers who submit a research proposal 
approved by the independent review 
board. Individual participant data will 
be shared in data sets in a deidentified 
and anonymized format. Information about 
data access request proposals can be 
found at novonordisk-trials.com.

RESULTS

Participants and Treatment
In the STEP TEENS study, 201 partici
pants were randomized to receive sem
aglutide 2.4 mg (n = 134) or placebo 
(n = 67). For the present secondary anal
ysis, eight participants with type 2 dia
betes at baseline were excluded, leaving 
129 participants in the semaglutide 2.4 mg 
group and 64 in the placebo group. A total 
of 127 (98.4%) participants in the semaglu
tide 2.4 mg group and 61 (95.3%) in the 
placebo group completed the study (at
tended week 75 visit). At week 68, 116 
(89.9%) participants were receiving sema
glutide 2.4 mg and 57 (89.1%) participants 
were receiving placebo (Supplementary 
Fig. 1). The mean age of participants was 
15.4 years, with a mean weight of 107.7 kg 
and a mean BMI of 37.1 kg/m2 (Table 1). 
Baseline and clinical characteristics by 
treatment group and BMI reduction in 
the semaglutide 2.4 mg group are listed 
in Table 1 and Supplementary Table 1, 
respectively.

Changes in Insulin Sensitivity and 
Glycemic Measures
Semaglutide 2.4 mg, compared with 
placebo, was associated with significant 
improvements in insulin sensitivity and 
glycemic measures (Fig. 1). Specifically, 
from baseline to week 68, there were 
significantly greater reductions with sem
aglutide 2.4 mg compared with placebo 
in fasting serum insulin (−33.6 vs. −10.1 
percentage points; ETD −26.2; 95% CI 
−38.6, −11.3; P = 0.0012) (Fig. 1A), 
HOMA-IR (−35.0 vs. −5.3 percentage 
points; ETD −31.4; 95% CI −43.9, −16.1; 
P = 0.0002) (Fig. 1B), FPG (−0.2 vs. 
−0.02 mmol/L; ETD −0.2; 95% CI −0.31, 
−0.03; P = 0.0181) (Fig. 1C), and HbA1c 

(−0.4 vs. −0.1 percentage points; ETD 
−0.2; 95% CI −0.29, −0.14; P < 0.0001) 
(Fig. 1D). Among the 27 participants with 
prediabetes at baseline, the proportion
achieving normoglycemia by week 68

was similar between groups (38.9% 
and 37.5% of participants in the sema
glutide 2.4 mg and placebo groups, re
spectively) (Supplementary Fig. 2).

Changes in Liver Enzyme ALT
Semaglutide 2.4 mg was associated with 
significant improvements in ALT compared 
with placebo. The estimated percentage 
reduction from baseline to week 68 was 
greater with semaglutide 2.4 mg (−17.9%) 
versus placebo (−3.3%; ETD −15.1 per
centage points; 95% CI −26.3, −2.2; 
P = 0.0232) (Fig. 1E).

Changes in Cardiometabolic Risk 
Factors
For participants receiving semaglutide 
2.4 mg versus placebo, significantly greater 
reductions from baseline to week 68 
were observed in total cholesterol (ETD 
−7.3 percentage points; 95% CI −10.9,
−3.7; P = 0.0001), LDL cholesterol (ETD
−6.8 percentage points; 95% CI −11.6,
−1.6; P = 0.0105), VLDL cholesterol
(ETD −29.5 percentage points; 95% CI 
−37.5, −20.6; P < 0.0001), and triglycer
ides (ETD −30.2 percentage points; 95%
CI −38.2, −21.3; P < 0.0001) (Fig. 2). A 
greater proportion of participants treated 
with semaglutide 2.4 mg experienced a 
change from hypertriglyceridemia to nor
mal triglyceride levels from baseline to 
week 68 compared with the placebo 
group (19.4– vs. 3.1–percentage-point re
duction in the semaglutide 2.4 mg vs. pla
cebo group, respectively) (Supplementary 
Fig. 3A). Moreover, participants treated 
with semaglutide 2.4 mg had significantly 
greater reductions from baseline to week 
68 in waist-to-height ratio compared with 
those receiving placebo (ETD −0.07; 95%
CI −0.09, −0.05; P < 0.0001) (Fig. 2). Pro
portions of participants achieving improve
ments in the remaining cardiometabolic 
risk factors, including blood pressure, were 
similar between groups (Supplementary 
Fig. 3). Supplementary Fig. 4 shows the as
sociations between changes from baseline 
to week 68 in HOMA-IR and HbA1c (sema
glutide 2.4 mg: R2 = 0.1811; placebo:
R2 = 0.1298), ALT (semaglutide 2.4 mg: 
R2 = 0.0546; placebo: R2 = 0.0085), and
triglycerides (semaglutide 2.4 mg: R2 =
0.1751; placebo: R2 = 0.1187).
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Table 1—Baseline demographics and clinical characteristics by treatment group (excluding participants with type 2 
diabetes)

Characteristic
Semaglutide 2.4 mg  

(n  = 129)
Placebo  

(n  =  64)
Total  

(N = 193)

Sex, n (%) - - -
Male 49 (38.0) 25 (39.1) 74 (38.3)
Female 80 (62.0) 39 (60.9) 119 (61.7)

Age, years 15.5 (1.5) 15.3 (1.6) 15.4 (1.5)

Tanner stage, n (%)* - - -
2 3 (2.3) 5 (7.8) 8 (4.1)
3 10 (7.8) 3 (4.7) 13 (6.7)
4 39 (30.2) 14 (21.9) 53 (27.5)
5 77 (59.7) 42 (65.6) 119 (61.7)

Body weight, kg 110.2 (25.5) 102.7 (22.1) 107.7 (24.6)

BMI, kg/m2 37.7 (6.7) 35.9 (5.4) 37.1 (6.3)

Waist circumference, cm 111.8 (17.0) 106.9 (13.1) 110.2 (16.0)

FPG, mmol/L 5.0 (0.5) 5.0 (0.6) 5.0 (0.5)
Proportion of participants with elevated FPG, n (%) 11 (8.5) 7 (10.9) 18 (9.3)

HOMA-IR, score 4.77 (57.3) 4.03 (71.9) 4.51 (62.9)

FSI, pmol/L, geometric mean (CV) 152.3 (52.2) 130.9 (65.8) 144.8 (57.3)

HbA1c, % 5.5 (0.3) 5.4 (0.3) 5.4 (0.3)

Glycemic category, n (%)† - - -
Normoglycemia 110 (85.3) 56 (87.5) 166 (86.0)
Prediabetes 19 (14.7) 8 (12.5) 27 (14.0)
Type 2 diabetes 0 0 0

SBP, mmHg 120 (11) 120 (12) 120 (11)
Proportion of participants with elevated SBP, n (%) 28 (21.7) 16 (25.0) 44 (22.8)

DBP, mmHg 73 (9) 73 (9) 73 (9)
Proportion of participants with elevated DBP, n (%) 15 (11.6) 9 (14.1) 24 (12.4)

Lipids, mmol/L, geometric mean (CV) - - -
Total cholesterol 4.1 (19.3) 4.2 (18.9) 4.1 (19.1)
HDL cholesterol 1.1 (23.1) 1.1 (22.2) 1.1 (22.8)

Proportion of participants with low HDL cholesterol, n (%) 36 (27.9) 20 (31.3) 56 (29.0)
LDL cholesterol 2.3 (29.8) 2.4 (26.9) 2.3 (28.8)
VLDL cholesterol 0.6 (47.8) 0.6 (48.5) 0.6 (47.9)
Triglycerides 1.3 (47.5) 1.2 (48.7) 1.2 (47.8)

Proportion of participants with hypertriglyceridemia, n (%) 37 (28.7) 13 (20.3) 50 (25.9)

ALT, units/L, geometric mean (CV) 23 (69.9) 20 (70.8) 22 (70.7)
Proportion of participants with elevated ALT, n (%) 51 (39.5) 17 (26.6) 68 (35.2)

All data are given as mean (SD) unless otherwise stated. CV, coefficient of variation; DBP, diastolic blood pressure; FSI, fasting serum insulin; 
SBP, systolic blood pressure. *Tanner stages 2 and 3 indicate early puberty, stage 4 indicates late puberty, and stage 5 indicates adult-level 
maturity (29). †Glycemic category was determined from HbA1c assessments per American Diabetes Association HbA1c criteria. Normoglycemia 
was defined as HbA1c <5.7% (39 mmol/mol), prediabetes as HbA1c 5.7–6.4% (39–47 mmol/mol), and type 2 diabetes as HbA1c ≥6.5% 
(48 mmol/mol) (46). Thresholds for risk were defined as follows: hypertriglyceridemia as serum triglyceride levels ≥1.7 mmol/L (≥150 mg/dL); 
low HDL as ≤1.0 mmol/L (≤40 mg/dL); elevated SBP and DBP as ≥130 and ≥80 mmHg, respectively; elevated FPG as ≥5.6 mmol/L; and 
elevated ALT as >25.8 and >22.1 units/L in male and female participants, respectively.

Changes in Glycemic Measures, 
Insulin Sensitivity, and Cardiometabolic 
Risk Factors by BMI Reduction

In the semaglutide 2.4 mg group, changes 
in HbA1c, FPG, fasting insulin, and HOMA-IR 
from baseline to week 68 were greater 
in participants with ≥20% BMI reduction 
compared with those with ≥5% to <20% 
or <5% BMI reduction (Fig. 3). Similarly, 

the mean percentage changes from 
baseline to week 68 in fasting lipids 
were also greater in participants with 
≥20% BMI reduction compared with 
those with ≥5% to <20% or <5% BMI 
reduction (Fig. 3). Additionally, changes 
in waist circumference and systolic blood 
pressure were greater in participants 
with ≥20% BMI reduction compared 

with those with ≥5% to <20% or <5% 
BMI reduction (Supplementary Table 2).

CONCLUSIONS

Results from this secondary analysis of 
the STEP TEENS study showed that sema
glutide 2.4 mg  compared with placebo 
was associated with significantly greater 
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improvements from baseline to week 68 
in insulin sensitivity, glycemic measures, 
HOMA-IR, and cardiometabolic risk fac
tors (e.g., serum lipids and ALT) in adoles
cents with obesity. Additionally, greater 
improvements in insulin sensitivity, gly
cemic measures, and cardiometabolic 
risk factors were observed in semaglu
tide 2.4 mg recipients with ≥20% versus 
≥5% to <20% or <5% BMI reduction. 
Data are not presented for the placebo 
group because of the low number of 
participants achieving these weight loss 
thresholds, as described in the STEP 
TEENS primary publication (29). Consid
ering that obesity is a chronic disease 
associated with cardiometabolic compli
cations, with insulin resistance being a 
major contributing factor that can lead 
to obesity-associated complications, includ
ing type 2 diabetes, metabolic syndrome, 

and cardiovascular disease (33), any thera
peutic approach that can alleviate insulin 
resistance and its consequences will have 
wide-scale clinical applications. The pre
sent results not only corroborate the 
noteworthy weight-reducing benefits of 
once-weekly semaglutide 2.4 mg for 
adolescents living with obesity, but also 
advance its application by demonstrat
ing significant improvements in insulin 
sensitivity and cardiometabolic compli
cations in this population.

Figure 1—Mean changes from baseline in fasting serum insulin (A), HOMA-IR (B), fasting plasma glucose (C), HbA1c (D), and ALT (E) for semaglutide 
2.4 mg versus placebo. Observed mean change for participants in the full analysis set during the in-trial observation period over time (error bars 
indicate ±95% CI of the mean). ETDs are for the treatment policy estimand at week 68. Fasting serum insulin, HOMA-IR, and ALT were analyzed as 
ratio to baseline, with ETD in percentage change calculated as (estimated treatment ratio − 1) * 100. 

The reductions in selected glycemic 
measures from baseline to week 68 with 
semaglutide 2.4 mg were substantially 
greater than those reported in adoles
cents treated with other GLP-1 receptor 
agonists (34). In this secondary analysis 
of STEP TEENS, the placebo-corrected re
ductions in FPG and HbA1c at week 68 
were 0.20 mmol/L and 0.22%, compared 

with 0.10 mmol/L and 0.06% at week 56, 
respectively, in the phase 3 study of once- 
daily liraglutide 3.0 mg in adolescents 
(34). A 3-month randomized clinical study 
investigating the effects of the GLP-1 re
ceptor agonist exenatide on BMI and car
diometabolic risk factors in adolescents 
with severe obesity reported a placebo- 
corrected reduction in HbA1c of 0.11 per
centage points (35).

Treatment with semaglutide 2.4 mg 
also resulted in a significantly greater 
mean reduction in HOMA-IR (placebo- 
corrected reduction of 31.4 percentage 
points), which was more pronounced in 
participants with ≥20% BMI reduction 
compared with those with <20% reduc
tion, in addition to a reduction in fasting 
serum insulin (placebo-corrected re
duction of 26.2%) at week 68. In contrast, 
a 56-week randomized study investigating 
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phentermine/topiramate treatment for 
weight management in adolescents with 
obesity reported no significant difference 
between phentermine/topiramate and 
placebo in insulin sensitivity or glycemic 
measures (36). Additionally, a 54-week 
randomized study investigating the effect 
of orlistat on BMI and cardiometabolic 
risk factors in adolescents with obesity re
ported no significant difference between 
orlistat and placebo on insulin sensitivity 
or glycemic measures (37). To date, no 
obesity medication has proven similar 
weight reduction and health benefits to 
semaglutide 2.4 mg in adolescents. In the 
Teen-LABS (Teen-Longitudinal Assessment 
of Bariatric Surgery) study, which investi
gated the 3-year outcomes of various 
bariatric surgical methods (Roux-en-Y 
gastric bypass, vertical sleeve gastrec
tomy, or adjustable gastric banding) in 
adolescents, cardiovascular risk factors 
improved postsurgery, with increased 
weight loss predicting a higher probabil
ity of improvement of risk factors (38). 
These improvements were similar to 
those observed in the present analysis 
for the group with >20% BMI reduction 
(38), suggesting that some of the bene
fits observed in this study could be 
driven by the magnitude of body weight 

and BMI reduction achieved with sema
glutide 2.4 mg treatment.

Figure 2—Changes in cardiometabolic risk factors from baseline to week 68 for the semaglutide 2.4 mg versus placebo groups. Data are mean 
change from baseline unless otherwise stated. Observed data are for the in-trial observation period. ETDs are for the treatment policy estimand at 
week 68. 

When considering the findings from 
these studies, it should be noted that 
these are not head-to-head comparisons; 
therefore, results must be interpreted 
with caution because of differences in 
participant populations and treatment 
durations and secular trends, such as 
the COVID-19 pandemic.

The magnitude of improvement in in
sulin sensitivity of ∼30% with semaglu
tide 2.4 mg has translational value, 
considering that despite having similar 
adiposity, insulin resistance is worse in 
adolescents than in adults. Insulin sen
sitivity is ∼50% lower in adolescents 
compared with adults with obesity and 
dysglycemia (15–17). Therefore, a 30% al
leviation in insulin resistance early in the 
course of obesity in adolescents may 
help to delay the progression and wors
ening of insulin resistance consequent to 
sustained obesity and its effect on overall 
health.

Additionally, semaglutide 2.4 mg led 
to a significant reduction in ALT of 
−15.1 percentage points (95% CI −26.3, 
−2.2; P = 0.0232) compared with pla
cebo. This finding is important in light 
of data showing that MASLD is not only 

a risk factor but also a predictor of de
teriorating glucose metabolism (39). In 
contrast, another study investigating the 
effect of exenatide on BMI and liver pa
rameters in adolescents with obesity re
ported that exenatide had no significant 
effect on liver parameters versus pla
cebo (40). While this suggests that sem
aglutide 2.4 mg may be a beneficial 
treatment option for lowering ALT in 
adolescents with obesity, additional stud
ies are needed, specifically testing the ef
fect of semaglutide 2.4 mg on MASLD in 
the pediatric population.

Finally, greater reductions in cardio
metabolic risk factors were observed 
with semaglutide 2.4 mg compared 
with placebo. The associations seen 
between changes in HOMA-IR and changes 
in any of the cardiometabolic risk factors 
were low. This may be partially explained 
by the low percentage of adolescents with 
elevated risk factors at baseline, because 
the study population consisted predomi
nantly of non-Hispanic White adoles
cents who are at much lower risk of 
cardiometabolic consequences of obe
sity (41). Furthermore, the STEP TEENS 
study population had fewer participants 
compared with similar studies in adults. 
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Figure 3—Changes in glucose metabolism parameters and serum lipids from baseline to week 68 by BMI reduction in the semaglutide 2.4 mg 
group: HbA1c (A), FPG (B), fasting serum insulin (C), HOMA-IR (D), triglycerides (E), total cholesterol (F), LDL cholesterol (G), VLDL cholesterol (H), 
and HDL cholesterol (I). Data are percentage change from baseline for participants in the full analysis set during the in-trial observation period. 
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Additionally, besides body weight reduc
tion, improvements in HOMA-IR may 
be in part mediated by other potential 
effects of GLP-1 receptor agonist treat
ment, such as improvement in β-cell 
function and suppression of glucagon 
(42,43). Therefore, changes in HOMA-IR 
may not be clearly associated with im
provements in ALT and serum triglycerides.

Except for hypertriglyceridemia and ALT, 
the proportion of participants achieving re
duction thresholds for cardiometabolic risk 
factors was similar between groups. Al
though greater improvements in those 
treated with semaglutide 2.4 mg with 
≥20% BMI reduction versus ≥5% to 
<20% or <5% BMI reduction were ob
served, indicating that participants with 
a greater BMI reduction may experience 
greater cardiometabolic benefits with 
semaglutide 2.4 mg compared with 
those with less BMI reduction. How
ever, BMI reduction may not be the sole 
contributor to cardiometabolic benefits, 
because participants with little to no 
BMI reduction still experienced some im
provement in cardiometabolic risk fac
tors. This suggests that the improvement 
in cardiometabolic risk factors may be 
partly independent of weight loss. In line 
with such a theory, the SELECT (Semaglu
tide Effects on Heart Disease and Stroke 
in Patients With Overweight or Obesity) 
study, although in an adult population, 
found that glycemic benefits were still 
observed in participants receiving sema
glutide 2.4 mg who experienced <2% 
body weight reduction or those with 
weight gain (42). It should be noted 
that the analyses by BMI reduction 
category in the present study were 
descriptive and therefore do not test a 
formal hypothesis and should be inter
preted with caution. There was no sig
nificant improvement observed in blood 
pressure according to BMI reduction 
category; however, this is expected, be
cause in the overall results of the STEP 
TEENS study (29), semaglutide 2.4 mg 
did not have an effect.

Numerical improvements in blood 
pressure were seen in the semaglutide 
2.4 mg group, though these were not 
significant compared with placebo. In 
STEP TEENS, the mean baseline blood 
pressure in adolescents was lower 
than in the adults included in the STEP 
1 study (29,43); this aligns with findings 

from a real-world study of adolescents 
and adult patients (44). Achieving 
such improvements may be more diffi
cult if starting at a lower baseline blood 
pressure, and the present study was 
not powered to show any difference. 
However, a numerically greater reduc
tion in blood pressure was observed in 
participants treated with semaglutide 
2.4 mg with ≥20% versus <5% BMI 
reduction; this corresponds to findings 
that changes in blood pressure are often 
strongly related to changes in BMI (45).

A strength of this secondary analysis 
is that it provides novel data regarding 
the important health benefits of sema
glutide 2.4 mg with regard to insulin 
sensitivity, glycemic measures, and car
diometabolic risk factors including liver 
ALT. However, the study was not de
signed to identify parameters related to 
treatment response, and any inferences 
should be treated with caution and 
viewed through a hypothesis-generating 
lens.

Semaglutide 2.4 mg compared with 
placebo provided not only provided im
portant reductions in weight and BMI 
(29) but also resulted in significant and 
clinically relevant improvements in insu
lin sensitivity, glycemic measures, serum 
lipids, and liver parameters in adoles
cents with obesity. These data support 
semaglutide 2.4 mg as an efficacious 
weight management treatment for ado
lescents living with obesity with the 
added benefit of improvements in insu
lin sensitivity, glycemic measures, and 
cardiometabolic risk factors, all contrib
uting to improved patient health within 
clinical practice.
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