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Abstract: Obesity is a complex and chronic disease that raises the risk of various complications. Sub-
stantial reduction in body weight improves these risk factors. Lifestyle changes, including physical
activity, reduced caloric ingestion, and behavioral therapy, have been the principal pillars in the
management of obesity. In recent years, pharmacologic interventions have improved remarkably.
The Semaglutide Treatment Effect in People with Obesity (STEP) program is a collection of phase-III
trials geared toward exploring the utility of once-weekly 2.4 mg semaglutide administered subcu-
taneously as a pharmacologic agent for patients with obesity. All the STEP studies included diet
and exercise interventions but at different intensities. This review paper aims to explore the impact
of the behavioral programs on the effect of semaglutide 2.4 mg on weight loss. The results of the
STEP trials supported the efficacy of high-dose, once-weekly 2.4 mg semaglutide on body weight
reduction among patients with obesity with/without diabetes mellitus. Semaglutide was associated
with more gastrointestinal-related side effects compared to placebo but was generally safe and well
tolerated. In all the STEP studies, despite the varying intestines of the behavioral programs, weight
loss was very similar. For the first time, there may be a suggestion that these behavioral programs
might not increase weight reduction beyond the effect of semaglutide. Nevertheless, the importance
of nutritional support during substantial weight loss with pharmacotherapy needs to be re-evaluated.
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1. Introduction

Obesity is a complex and chronic disease and has a wide array of complications,
including hypertension, hypercholesteremia, type 2 diabetes, cardiovascular disease, and
some cancers [1-6]. Lifestyle interventions, comprising physical activity, reduced caloric
ingestion, and behavioral therapy, have been the principal pillars in the management of
obesity supported by pharmacotherapy and bariatric surgery [7-9]. However, weight
loss maintenance has remained challenging [10]. Pharmacotherapy is usually used for
individuals with a body mass index (BMI) >30 kg/m? or >27 kg/m? with >1 coexisting
obesity complication [7-9], but the cost, efficacy, and tolerability curbs its utilization [11].

Only a few obesity medications have received approval by the US Food and Drug Ad-
ministration (FDA), namely naltrexone-bupropion combination, phentermine-topiramate
combination, orlistat, setmelanotide, liraglutide, and semaglutide [12-14]. These medi-
cations, except phentermine-topiramate, are also approved by the European Medicines
Agency (EMA) to be used in Europe [15,16]. The mechanism of actions and the approval
status for these medications are presented in Table 1.
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Table 1. Mechanism of action and approval status of main obesity medications [15,16].

Medication Mechanism of Action Year of FDA Year of EMA
Approval Approval
Reduces energy consumption
Naltrexgne— via potent}al synerglstlc' effects 2014 2015
bupropion on pro-opiomelanocortin
neurons.
Phentermine is an
amphetamine-like appetite
suppressant working through
inhibition of noradrenaline
Phgntermlne— reuPtake in the hypothalamus, 2012 Not approved
topiramate while topiramate is an

anticonvulsant, which has
some weight-loss effects, but
its mechanism of action is not
fully understood.

Decreases fat absorption by
Orlistat inhibiting the gastric and 1999 1998
pancreatic lipases.

Melanocortin 4 (MC4) receptor
agonist, works by restoring
Setmelanotide impaired MC4 receptor 2020 2021
pathway activity caused by
genetic deficits.

Glucagon-like peptide-1
(GLP-1) receptor agonist that

Liraglutide reduces hunger. Additionally, 2014 2015
increases satiety.
Glucagon-like peptide-1

Semaglutide (GLP-1) receptor agonist that 2021 2022

reduces hunger. Additionally,
increases satiety.

Semaglutide belongs to the family of glucagon-like peptide-1 analogs. Mechanistically,
semaglutide is an incretin, which blocks glucagon release, postpones gastric clearing,
reduces energy intake, stimulates satiety, and reduces hunger and appetite via peripheral
and central nervous system actions [17]. Semaglutide was initially approved for the
management of type 2 diabetes mellitus [18]. The observation that the GLP-1 analogs
reduce body weight prompted the exploration of this class of medications as drugs to
treat obesity [19-21].

The Semaglutide Treatment Effect in People with Obesity (STEP) program is a collec-
tion of 15 multi-institutional, phase-III, randomized, double-blind, placebo-controlled trials
geared toward the authorization of once-weekly 2.4 mg semaglutide administered subcuta-
neously as an obesity medication. Each trial was designed to investigate the efficacy and
safety of 2.4 mg semaglutide in people with overweight or obesity, taking in consideration
patients’ ethnicities, certain comorbidities, different age groups, or the parallel control arm
interventions. Six of the program trials (STEP 1-4, 6, and 8) were published; the STEP 5
trial has been completed but not yet published, and the remining trials, including STEP
7, have not been completed yet. Herein, we document a narrative review focused on the
clinical summary of the STEP trials, highlight limitations, and outline future directions,
with a specific focus on the potential future role of lifestyle changes in obesity management
involving such effective medications.



Nutrients 2022, 14, 2217

3of 14

2. The STEP 1 Trial

The STEP 1 trial (ClinicalTrials.gov identifier: NCT03548935) included adults with
obesity or overweight (BMI > 27 kg/ m?) with at least one obesity complication [22]. Major
exclusion criteria included diabetes mellitus, HbAlc > 6.5%, or the use of anti-obesity
medications in the past 12 weeks. In a 2:1 ratio, the trial randomized 1961 adults to either
semaglutide or placebo. Semaglutide was administered in a dose-escalated fashion: the
initial once-weekly dose of 0.25 mg was sustained for four weeks; the dose was then
titrated to 0.5 mg, 1 mg, 1.7 mg, and 2.4 mg every four weeks. The 2.4 mg once-weekly dose
was then maintained for 54 weeks. Overall, the duration of the study was 75 weeks; the
treatment (semaglutide or placebo) lasted for 68 weeks, trailed by a follow-up interval of
7 weeks with no medication. The protocol included an unsupervised lifestyle intervention
administered to all participants, consisting of a daily 500 kcal deficit diet and weekly
150 min of physical activity. The average age and BMI of the participants were 46 years
and 37.9 kg/m?, respectively. The majority of the participants were females (74.1%) and of
White ethnicity (75.1%). Less than half of the participants had prediabetes (43.7%).

Semaglutide with lifestyle intervention resulted in more weight loss over 68 weeks
compared to placebo with lifestyle intervention (mean difference (MD) = -12.4%, 95%
confidence interval (CI): —13.4, —11.5). Moreover, the proportions of participants treated
with semaglutide achieving >5%, >10%, and >15% weight loss at week 68 were 86.4%,
69.1%, and 50.5%, respectively. In addition, the semaglutide arm had substantial improve-
ments in various anthropometric (BMI and waist circumference), inflammatory (C-reactive
protein), blood pressure (diastolic and systolic), glycemic (HbAlc and fasting plasma glu-
cose), and lipid (total cholesterol, triglycerides, and low-density lipoprotein cholesterol)
parameters in contrast to the placebo arm. Semaglutide also substantially improved phys-
ical function scores compared to the placebo assessed by the 36-item Short Form Health
Survey (SF-36) and the Impact of Weight on Quality of Life-Lite Clinical Trials Version
(IWQOL-Lite-CT) questionnaire.

The rate of any reported side effect was higher with semaglutide contrasted with
placebo (89.7% vs. 86.4%, respectively). The number of reported serious side effects
was greater in the semaglutide arm compared to the placebo arm. The rate of drug
termination was also greater in the semaglutide arm (7.0% vs. 3.1%), mostly due to
gastrointestinal-related symptoms (4.5% vs. 0.8%). Gallbladder-related symptoms occurred
in 2.6% of patients in the semaglutide arm and 1.2% in the placebo arm. The most commonly
documented side effects in >10% of the semaglutide vs. placebo patients were nausea
(44.2% vs. 17.4%), diarrhea (31.5% vs. 15.9%), vomiting (24.8% vs. 6.6%), constipation
(23.4% vs. 9.5%), and nasopharyngitis (21.5% vs. 20.3%). The rates of hypoglycemia, acute
pancreatitis, and injection site reactions were infrequent in the participants who received
semaglutide (0.6%, 0.2%, and 5%, respectively).

In summary, among patients with BMI > 27 kg/m?, the STEP 1 trial concluded that
once-weekly 2.4 mg semaglutide plus usual lifestyle adjustment was more beneficial than
lifestyle interventions alone in reducing body weight and other cardiometabolic risk factors.

3. The STEP 2 Trial

The STEP 2 trial (ClinicalTrials.gov identifier: NCT03552757) included adults with
BMI > 27 kg/m? and HbAlc ranging from 7% to 10%; all participants were diagnosed
with type 2 diabetes mellitus >6 months prior to study screening [23]. In a 1:1:1 ratio, the
trial randomized 1210 participants to 2.4 mg semaglutide, 1.0 mg semaglutide, or placebo.
All the participants in this study had the same lifestyle intervention as the STEP 1 trial.
Semaglutide was administered in a dose-escalated fashion until reaching the targeted
maintenance doses. Overall, the study duration was 75 weeks; the treatment (semaglutide
or placebo) lasted for 68 weeks, trailed by a follow-up period of 7 weeks with no medication.
Participants’ average age and BMI were 55 years and 35.7 kg/m?, respectively. The average
HbAlc and interval of type 2 diabetes mellitus were 8.1% and 8 years. Slightly more than
half of the participants were females (50.9%) and of White ethnicity (62.1%).
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The 2.4 mg semaglutide with lifestyle intervention reduced body weight more than
placebo and lifestyle intervention during the 68 weeks (MD = -6.2%, 95% CI: —7.3, —5.2).
Moreover, the proportions of participants who had >5%, >10%, and >15% weight loss at
week 68 were 68.8%, 45.6%, and 25.8%, respectively. Semaglutide also improved systolic
blood pressure, HbAlc, waist circumference, and physical function scores. In addition,
the analysis of exploratory secondary endpoints revealed beneficial reductions in lipid
(triglycerides, very-low-density lipoprotein cholesterol, and free fatty acids), glycemic
(HbA1c, fasting serum insulin, and fasting plasma glucose), inflammatory (C-reactive
protein), and blood pressure (diastolic) profiles in support of the semaglutide 2.4 mg arm
compared to the placebo arm.

The rate of any reported side effect was greater in the 2.4 mg semaglutide arm con-
trasted with the placebo arm (87.6% vs. 76.9%). Moreover, the number of reported serious
side effects was comparable between both treatment arms. Additionally, the rate of drug
termination was higher in the semaglutide 2.4 mg arm (6.2% vs. 3.5%), mostly secondary to
gastrointestinal-related symptoms (4.2% vs. 1.0%). Gallbladder-related symptoms occurred
in only 0.2% and 0.7% of the semaglutide 2.4 mg and placebo arms, respectively. In contrast
with the placebo arm, the most commonly documented side effects in >10% of the semaglu-
tide 2.4 mg patients included nausea (33.7% vs. 9.2%), diarrhea (21.3% vs. 11.9%), vomiting
(21.8% vs. 2.7%), constipation (17.4% vs. 5.5%), and nasopharyngitis (16.9% vs. 14.7%). The
rates of hypoglycemia, acute pancreatitis, and injection site reactions were infrequent in the
semaglutide 2.4 mg arm (5.7%, 0.2%, and 3.0%, respectively).

In summary, among adults with type 2 diabetes mellitus and BMI > 27 kg/m?, the
STEP 2 trial concluded that once-weekly 2.4 mg semaglutide plus lifestyle modification
was better than lifestyle modification alone for weight loss and other cardiometabolic
risk factors.

4. The STEP 3 Trial

The STEP 3 trial (ClinicalTrials.gov identifier: NCT03611582) included adults with
the same inclusion and exclusion criteria as the STEP 1 trial [22,24]. In a 1:1 ratio, the trial
randomized 611 participants to either semaglutide combined with very intensive behavior
therapy or placebo with very intensive behavior therapy. The intensive behavior therapy
was the major difference between STEP 3 compared to STEP 1 and STEP 2 trials [22,23].
It comprised a low-calorie diet during the opening 8 weeks, in addition to concentrated
behavioral therapy sessions and physical exercise during the 68 weeks.

The participants were provided with a low-calorie diet (1000-1200 kcal/day) served
as meal replacements for the first 8 weeks. Then, they were gradually transferred to hypo-
caloric diet (1200-1800 kcal/day) of conventional food for the remainder of the trial. After
eight weeks, the calorie intake was calculated based on randomization body weight unless
the participant’s BMI reached <22.5 kg/m?. The recommended caloric intake was then
re-calculated with no energy deficit until the end of the trial.

Physical activity was prescribed from randomization and was tailored to achieve a goal
of 100 min of physical activity/week. Participants were counseled to incorporate moderate-
intensity activities within the exercises and were requested to increase their weekly physical
activity target by 25 min every four weeks to reach 200 min/week. Furthermore, a total of
30 counseling sessions of intensive behavioral therapy were provided over the 68 weeks,
covering various topics related to dietary changes, physical activities, and behavioral
strategies to ensure the appropriate implementation and compliance with the intervention.

Similar to the STEP 1 and STEP 2 trials [22,23], semaglutide was administered in a
dose-escalated fashion until reaching the targeted maintenance dose. The duration of the
study was 75 weeks; the treatment (semaglutide with very intensive behavior therapy or
placebo with very intensive behavior therapy) lasted for 68 weeks, trailed by a follow-up
period of 7 weeks with no medication. The average age and BMI of participants were
46 years and 38 kg/m?, respectively. The majority of the research participants were females
(81.0%) and of White ethnicity (76.1%).
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Semaglutide with very intensive behavior therapy resulted in a more significant weight
loss from baseline to week 68 compared to placebo with very intensive behavior therapy
(MD =-10.3%, 95% CI: —12.0, —8.6). Moreover, the proportions of research participants
who achieved >5%, >10%, and >15% body weight loss at week 68 were 86.6%, 75.3%,
and 55.8%, respectively. The placebo with intensive behavior therapy was also effective,
albeit less so than semaglutide with intensive behavior, in causing >5%, >10%, and >15%
weight loss at 68 weeks in 46.7%, 27.0%, and 13.2% of patients, respectively. Semaglutide
had significant improvements in systolic blood pressure and waist circumference but was
not different in the physical functioning scores compared to the placebo arm. Similar to the
previous STEP trials, the analysis of exploratory secondary endpoints revealed beneficial
reductions in various lipid, glycemic, inflammatory, and blood pressure (diastolic) profiles
in support of the semaglutide arm compared to the placebo arm.

The rate of >1 reported side effect was comparable between the semaglutide and
placebo arms (95.8% vs. 96.1%). Moreover, the number of reported serious side effects was
greater in the semaglutide arm contrasted with the placebo arm (9.1% vs. 2.9%). Addi-
tionally, the rate of drug termination was higher with semaglutide (5.9% vs. 2.9%), mostly
secondary to gastrointestinal-related symptoms (3.4% vs. 0.0%). Gallbladder-related symp-
toms took place in only 4.9% and 1.5% of the semaglutide and placebo arms, respectively.
In contrast with the placebo arm, the most common side effects in >10% of the semaglu-
tide arm included nausea (58.2% vs. 22.1%), constipation (36.9% vs. 24.5%), diarrhoea
(36.1% vs. 22.1%), vomiting (27.3% vs. 10.8%), and nasopharyngitis (22.1% vs. 24.0%). The
rates of hypoglycemia, acute pancreatitis, and injection site reactions were infrequent among
individuals who received the semaglutide therapy (0.5%, 0%, and 5.4%, respectively).

In summary, the STEP 3 trial concluded that semaglutide plus intensive behavior
therapy, including an initial low-calorie intake and rigorous behavioral therapy, culminated
in clinically meaningful improvements in body weight and other cardiometabolic risk
factors compared with the placebo treatment.

5. The STEP 4 Trial

The STEP 4 trial (ClinicalTrials.gov identifier: NCT03548987) [25] included adults
with the same inclusion and exclusion criteria as the STEP 1 and STEP 3 trials [22,24].
For all research participants (1 = 902), semaglutide was administered in a dose-escalated
fashion for a 20-week run-in period (16 weeks of dose intensification starting with 0.25 mg
until reaching 2.4 mg, trailed by 4 weeks of maintenance dose 2.4 mg). Only patients
who were able to tolerate semaglutide 2.4 mg were included in the randomization period,
thus excluding those who could not achieve the top dose of the medication. Overall, the
duration of the study was 75 weeks; the run-in period lasted for 20 weeks, trailed by a
randomization in 2:1 ratio (1 = 803) to either 2.4 mg semaglutide or placebo and followed by
a follow-up period of 7 weeks with no medication. The lifestyle intervention was a 500 kcal
deficit diet and 150 min of exercise per week, similar to STEP 1, but less intensive than
STEP 3 [22,24]. The average age and BMI of participants were 46 years and 38.4 kg/m?,
respectively. The majority of the research participants were females (79.0%) and of White
ethnicity (83.7%).

After the 20-week run-in interval, the average weight loss was 10.6%, and several
improvements were witnessed in blood pressure (systolic and diastolic), HbAlc, lipid
parameters, and waist circumference. Between week 20 to week 68, participants random-
ized to ongoing semaglutide continued to lose weight as opposed to those randomized
to the placebo arm who gained weight during the same period (MD = -14.8%, 95% CI:
—16.0, —13.5). Moreover, the continued semaglutide arm achieved significant decreases in
systolic blood pressure (MD = -3.9 mmHg, 95% CI: —5.8, —2.0) and waist circumference
(MD = —9.7 cm, 95% CI: —10.9, —8.5). Furthermore, the physical function scores were
significantly better with continued semaglutide. Similar, to the earlier STEP trials [22-24],
the analysis of exploratory secondary endpoints revealed beneficial reductions in various
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lipid and glycemic profiles in support of the continued semaglutide arm contrasted with
the switched placebo arm.

The rate of any adverse event was greater in the continued semaglutide arm than the
switched placebo arm (81.3% vs. 75.0%). The number of serious side effects was higher in
the continued semaglutide arm contrasted with the switched placebo arm (7.7% vs. 5.6%).
However, the rate of drug termination was comparable between both arms (2.4% vs. 2.2%).
Gastrointestinal and gallbladder-related symptoms took place in 41.9% and 2.8% of the
continued semaglutide arm and in 26.1% and 3.7% of the switched placebo arm. In
contrast with the switched placebo arm, the most commonly documented side effects
in >5% of the continued semaglutide arm included diarrhoea (14.4% vs. 7.1%), nausea
(14.0% vs. 4.9%), constipation (11.6% vs. 6.3%), nasopharyngitis (10.8% vs. 14.6%), and
vomiting (10.3% vs. 3.0%). The rates of hypoglycemia, acute pancreatitis, and injection
site reactions were infrequent in the continued semaglutide arm (0.6%, 0%, and 2.6%,
respectively).

In summary, the STEP 4 trial concluded that once-weekly continued 2.4 mg semaglu-
tide after a 20-week run-in interval plus standard lifestyle modifications led to sustained
body weight loss over the next 48 weeks contrasted with individuals who switched to
placebo who started regaining weight.

6. The STEP 5 Trial

The STEP 5 trial (ClinicalTrials.gov identifier: NCT03693430) included adults with the
same inclusion and exclusion criteria as the STEP 1, STEP 3, and STEP 4 trials [22,24-26].
In a 1:1 ratio, the trial randomized 304 participants to either semaglutide with standard
lifestyle modifications of a 500 kcal deficit diet and 150 min of exercise per week or placebo
with standard lifestyle modifications of a 500 kcal deficit diet and 150 min of exercise per
week. Semaglutide was administered in a dose-escalated fashion until reaching the targeted
maintenance dose of 2.4 mg (end of week 20), which was continued until week 104. The
study continued for 111 weeks; the treatment (semaglutide or placebo) lasted for 104 weeks,
trailed by a follow-up period of 7 weeks with no medication. The average age and BMI
of participants were 47 years and 38.5 kg/m?, respectively. The majority of the research
participants were females (78.0%) and of White ethnicity (93.1%).

Semaglutide with standard lifestyle modifications achieved more weight loss from base-
line to week 104 contrasted with placebo with standard lifestyle modifications (MD = —12.6%,
95% CIL: —15.3, —9.8). Moreover, the proportions of research participants with >5%, >10%,
>15%, and >20% weight loss at week 104 with semaglutide were 77.1%, 61.8%, 52.1%, and
36.1%, respectively. In addition, the semaglutide arm had significant improvements in various
cardiovascular risk factors, such as systolic blood pressure (MD = —4.2 mmHg, 95% CI: —7.3,
—1.0), diastolic blood pressure (MD = —3.7 mmHg, 95% CI: —6.1, —2.1), C-reactive protein
(MD = —53.1%, 95% CI: —63.2, —40.0), and waist circumference (MD = —9.2 cm, 95% CI:
—12.2, —6.2). The semaglutide arm also had significant improvements in various metabolic
risk factors, such as HbAlc (MD = —0.33%, 95% CI: —0.41, —0.25), fasting plasma glucose
(MD = —9.2mg/dL, 95% CI: —12.0, —6.5), fasting serum insulin (MD = —27.4%, 95% CI: —39.3,
—13.3), and triglycerides (MD = —22.0%, 95% CI: —29.8, —13.2).

The rate of any adverse event was greater after semaglutide compared to placebo
(96.1% vs. 89.5%). The number of reported serious side effects was unexpectedly lower
in the semaglutide arm contrasted with the placebo arm (7.9% vs. 11.8%). The rate
of drug termination was similar in the semaglutide and placebo arms (5.9% vs. 4.6%).
Gastrointestinal and gallbladder-related symptoms took place in 82.2% and 2.6% of the
semaglutide arm. In contrast, gastrointestinal and gallbladder-related symptoms took place
in 53.9% and 1.3% of the placebo arm. The rates of hypoglycemia, acute pancreatitis, and
injection site reactions were rare in the semaglutide arm (2.6%, 0%, and 6.6%, respectively).

In summary, the STEP 5 trial concluded that once-weekly semaglutide dose (plus
lifestyle modifications) led to sustained body after two years of treatment, improved
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cardiovascular and metabolic risk factors, and depicted satisfactory safety profile compared
with placebo.

7. The STEP 6 Trial

The STEP 6 trial (ClinicalTrials.gov identifier: NCT03811574) included east Asian
adults, with or without type 2 diabetes, who reported a failed weight loss dietary attempt
and had a BMI > 27 kg/ m? with two or more weight-related medical problems or a
BMI > 35 kg/m? with at least one weight-related medical problem [27]. The main exclu-
sion criteria were previous or planned anti-obesity treatment or surgery and bodyweight
changes of 5 kg or more in the past 3 months before screening. The Asian ethnicity was the
major difference between STEP 6 compared to the previous STEP trials (the majority were
White) [22-26]. In a 4:1:2:1 ratio, the trial randomized 401 participants to either semaglutide
2.4 mg or placebo, or semaglutide 1.7 mg or placebo. The dose was administered in an
escalated fashion until reaching the targeted doses. All the participants were advised to
follow the standard lifestyle modifications similar to STEP 5 trial. Overall, the duration of
the study was 75 weeks; the treatment lasted for 68 weeks, trailed by a follow-up interval
of 7 weeks with no medication. The average age and BMI of participants were 51 years and
31.9 kg/m?, respectively. All the research participants were Asian (100%), and the majority
were males (63%).

The semaglutide with lifestyle intervention in both doses (2.4 mg and 1.7 mg) re-
duced body weight more than placebo with lifestyle intervention during the 68 weeks
(MD = —11.06%, 95% CI: —12.88, —9.24 and MD = —7.52%, 95% CI: —9.62, —5.43, re-
spectively). Moreover, the proportions of participants who had >5%, >10%, and >15%
weight loss at week 68 with semaglutide 2.4 mg were 83%, 61%, and 41%, respectively.
The treatment arm also showed significant reductions in waist circumference, systolic
blood pressure, and HbAlc. In addition, the analysis of exploratory secondary endpoints
revealed favorable reductions among semaglutide groups in BMI, fasting plasma glucose,
C-reactive protein, and plasminogen activator inhibitor-1, lipid profile (except for high-
density lipoprotein cholesterol). An improvement in the physical function score was noted
in the semaglutide 2.4 mg group. From baseline to week 68, greater reductions in abdominal
visceral fat area were observed in the semaglutide 2.4 mg (—40%) and 1.7 mg (—22.2%)
groups than the placebo group (—6.9%).

The rate of reported adverse events was 86% in the semaglutide 2.4 mg group, 82% in
the semaglutide 1.7 mg group, and 79% in the placebo group. Unexpectedly, the percentage
of serious adverse events was lower in the semaglutide 2.4 mg arm (5%) contrasted with
semaglutide 1.7 mg and placebo arms (7% each). The rate of drug termination was higher
in semaglutide groups (3%) compared to placebo (1%). Gallbladder-related symptoms
took place in only 1% in all groups. Gastrointestinal-related symptoms, which were
mostly mild to moderate, were more common in semaglutide 1.7 mg group (64%) than
semaglutide 2.4 mg group (59%) or placebo group (30%). The rates of hypoglycemia and
acute pancreatitis were 0% in all arms. Injection site reactions were reported in only four
participants in the semaglutide 2.4 mg arm.

In summary, among east Asian patients with BMI > 27 kg/m?, with or without type
2 diabetes, the STEP 6 trial concluded that once-weekly 2.4 mg semaglutide plus lifestyle
adjustment led to significant reductions in body weight, abdominal visceral fat, and other
cardiometabolic risk factors compared with placebo in this population.

8. The STEP 8 Trial

The STEP 8 trial (ClinicalTrials.gov identifier: NCT04074161) was an open label with
treatment arms and double-blinded against matched placebo arms [28]. It included adults
with the same inclusion and exclusion criteria as the STEP 1 trial. In a 3:1:3:1 ratio, the trial
randomized 338 participants to either once-weekly semaglutide (dose-escalation to 2.4 mg
over 16 weeks), or matching placebo, or once-daily liraglutide (dose escalation to 3.0 mg
over 4 weeks), or matching placebo. Both semaglutide and liraglutide are long-acting



Nutrients 2022, 14, 2217

8 of 14

GLP-1 analogs. As a result of the substitution of amino acids that prevents the degeneration
of dipeptidyl peptidase 4 and addition of C18 fatty acids, semaglutide has a half-life of
165 h, whereas liraglutide’s half-life is about 13 h [26]. All the participants in this trial had
the same lifestyle intervention as the STEP 1 trial. The study continued for 75 weeks; the
treatments lasted for 68 weeks, trailed by a 7-week follow-up period with no medications.
The mean age and BMI of participants were 49 years and 37.5 kg/m?, respectively. The
majority of the research participants were females (78.4%) and of White ethnicity (73.7%).

Semaglutide with lifestyle modifications resulted in a more significant weight loss
from baseline to week 68 compared to liraglutide with lifestyle modifications (MD = —9.4%,
95% CI: —12.0, —6.8). Furthermore, the proportions of the semaglutide patients who
achieved >5%, >10%, >15%, and >20% body weight loss at week 68 were 87.2%, 70.9%,
55.6%, and 38.5%, respectively. Liraglutide was also effective, albeit less than semaglutide,
in causing >5%, >10%, >15%, and >20% weight loss at 68 weeks in 58.1%, 25.6%, 12%,
and 6% of participants, respectively. At week 68, reductions in BMI, waist circumference,
blood pressure, HbAlc, fasting plasma glucose, triglyceride, total cholesterol, very-low-
density lipoprotein cholesterol, and C-reactive protein levels were significantly greater with
semaglutide compared to liraglutide.

The rate of any reported adverse events was 95.2% with semaglutide, 96.1% with
liraglutide, and 95.3% with placebo. The number of reported serious side effects was higher
with liraglutide (11%) compared to semaglutide (7.9%) or placebo (7.1%). Moreover, drug
termination was more common in the liraglutide arm (12.6%) vs. semaglutide (3.2%) and
placebo (3.5%). Gastrointestinal- and gallbladder-related symptoms were reported in 84.1%
and 0.8% with semaglutide, 82.7% and 3.1% with liraglutide, and 55.3% and 1.2% with
placebo. Hypoglycemia and acute pancreatitis were reported only with the liraglutide
group (0.8% both). The injection site reactions were observed with liraglutide (11%) and
placebo (5.9%) but not with semaglutide (0%).

In summary, the STEP 8 trial concluded that once-weekly semaglutide with lifestyle
modifications was significantly superior to once-daily liraglutide with lifestyle modifica-
tions in body weight reduction and other cardiometabolic risk factors improvement.

9. Discussion

The STEP program demonstrated that once-weekly semaglutide with various intensity
of lifestyle modifications was superior to placebo or once-daily liraglutide with lifestyle
modifications in body weight reduction and other cardiometabolic risk factors improve-
ment. The main secondary efficacy endpoints are summarized in Table 2. The STEP 2 trial
included individuals with type 2 diabetes mellitus and obesity [23]. In the STEP 6 trial,
only 25% of the patients had diabetes [27]. Conversely, the STEP 1, 3, 4, 5, and 8 trials
did not include patients with type 2 diabetes mellitus [22,24-26,28], which may explain
the superior weight loss in STEP 1, 3-6, and 8. The purpose of the STEP trials was for
semaglutide 2.4 mg to gain regulatory approval and, as such, the two primary efficacy
outcomes were percentage weight loss and the proportion of individuals achieving >5%
weight loss at the endpoint.

In a recent meta-analysis of randomized controlled trials comparing the efficacy of
different obesity medications, it showed that the percentage of bodyweight reduction from
baseline with phentermine-topiramate was 7.97%, naltrexone-bupropion was 4.11%, orlistat
was 3.16%, and liraglutide was 4.68%. Phentermine-topiramate and naltrexone-bupropion
combinations were associated with the most adverse events. Their findings suggested that
semaglutide might be the most effective among all the different obesity medications [15].



Nutrients 2022, 14,2217 9of 14

Table 2. Change in the main efficacy endpoints from baseline to end of treatment for STEP 1-6 and 8 [22-28].

STEP 1 STEP 2 STEP 3 STEP4 P STEP 5 STEP 6 STEP 8
Parameter Semaglutid| Semaglutid Semaglutide 1 Semaglutid Semaglutid| Semaglutid Semaglutid| Semaglutid Semaglutid| Liraglutide 3
emaglutide Placebo emaglutide emaglutide Placebo emaglutide Placebo emaglutide Placebo emaglutide Placebo emaglutide emaglutide Placebo emaglutide iraglutide
24mg 2.4 mg mg 2.4 mg 24mg 2.4 mg 2.4 mg 1.7 mg 24 mg mg
Body weight -149 24 96 -7.0 34 -16 5.7 79 69 -152 26 -132 96 21 -15.8 6.4
change (%)

Participants
with >5% 86.4 315 68.8 57.1 28.5 86.6 47.6 88.7 47.6 77.1 34.4 83 72 21 87.2 58.1
weight loss (%)

Participants
with >10% 69.1 12.0 45.6 287 8.2 75.3 75.3 79.0 204 61.8 13.3 61 42 5 709 25.6
weight loss (%)

Participants
with >15% 50.5 49 258 13.7 32 55.8 132 63.7 9.2 521 7.0 41 24 3 55.6 12.0
weight loss (%)

WC (cm) -13.54 413 94 -6.7 45 -14.6 6.3 —64 33 -144 52 -11.1 7.7 -18 -132 6.6
BMI (kg/m?2) -5.54 -0.92 35 25 -13 -6.0 22 -26 22 NA NA 43 3.1 -06 NA NA
CRP?

047 0.85 051 0.58 0.83 -59.6 -22.9 NA NA -56.7 -7.8 0.39 0.64 0.92 -52.6 245
(mg/dL)
SBP

-6.16 -1.06 -39 29 -05 -63 -16 05 44 -57 -16 -11.0 -12.0 -5.0 57 29
(mmHg)
DBP

-2.83 042 -16 -06 0.9 3.0 -08 03 09 45 -0.8 -5 -5 3 -5.0 -05
(mmHg)
(,,H"b)mc 045 -0.15 -16 -15 04 -0.51 -0.27 0.1 0.1 -0.43 -0.10 -1.0 -0.9 0.0 0.2 -0.1
FPG -

-8.35 -0.48 2.1 -18 -0.1 -6.73 -0.65 0.8 6.7 76 16 -19.3 -183 17 -83 43
(mg/dL)
TC2 0.97 1.00 0.99 0.98 0.99 338 2.1 5 11 NA NA 091 0.93 1.00 7.1 -0.1
LDL? 0.97 1.01 1.00 0.99 1.00 47 26 1 8 NA NA 0.86 0.90 0.95 65 09
G2 0.78 0.93 078 0.83 091 225 -65 -6 15 -19.0 3.7 0.79 078 1.05 -20.7 -11.0

2 The data were presented as ratios of end of treatment to baseline for STEP 1, 2, and 6 and change % for STEP 3-5 and 8; ? Change from week 20 (run-in period) to end of treatment.
Abbreviations: WC, waist circumference; BMI, body mass index; CRP, C-reactive protein; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, hemoglobin Alc; FPG,
fasting plasma glucose; TC, total cholesterol; LDL, low-density lipoprotein; TG, triglyceride; NA, not available.
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The STEP 4 trial (a withdrawal study) appraised the cessation of semaglutide therapy
after a 20-week run-in interval. STEP 4 showed that individuals who continued semaglutide
therapy had sustained a significant body weight loss contrasted with those who switched to
placebo who started regaining weight [25]. Six of the STEP trials employed a semaglutide
dose of 2.4 mg, except for the STEP 2 and STEP 6 trials, which also had an arm using
semaglutide 1.0 mg and 1.7 mg, respectively. STEP 2 and 6 demonstrated that the higher
semaglutide dose resulted in more body weight loss but also had fewer adverse effects,
reflecting a dose-response effect. The STEP 5 trial had the longest duration of all STEP
trials (104 weeks on medication) and explored the long-term effect of 2.4 mg semaglutide
contrasted with placebo on body weight and various cardiometabolic risk factors over
a two-year period. In the STEP 8 trial, the reduction in body weight was significantly
greater with weekly semaglutide injection when compared to daily liraglutide injection,
accompanied by significant improvements in various cardiometabolic risk factors. The
analysis of exploratory secondary endpoints in all the STEP trials revealed beneficial effects
on blood pressure, glycemic, lipid, inflammatory, and anthropometric parameters.

Overall, semaglutide had a good safety profile without any new safety signals not pre-
viously detected in other GLP-1 analogs. The rate of serious adverse events and proportion
of side effects leading to drug termination was generally similar to other GLP-1 analogs.
The tolerability profile and main adverse events for STEP 1-6 and 8 are presented in Table 3.
The vast majority of the drug-associated adverse events were mild gastrointestinal-related
symptoms. The rates of hypoglycemia, acute pancreatitis, gallbladder-related symptom:s,
and injection site reactions were low in the semaglutide groups and often comparable
with the placebo groups. These will, however, need to be monitored in post-market-
surveillance schemes.

The STEP trials have several strengths, including the scientifically robust method-
ologies, as reflected by the phase-III, large-sized, multicentric, double-blind, and placebo-
controlled study designs. Limitations include the unintentional biased gender and ethnicity,
as the vast majority of the recruited research participants were White females. Patients
were recruited from routine clinical services where the usual demographic is reflected in
the trials with a preponderance of females. These sociodemographic factors could have
introduced a bias in the pooled outcomes. However, in the STEP 6 trial, all participants
were east Asian, and the majority were males, and the outcomes were almost similar to
the other STEP trials. Another limitation includes the short-term follow-up interval of
roughly 68 weeks. This limitation was partly addressed in the STEP 5 trial, which provided
a much longer follow-up of two years. However, obesity is a chronic disease and will
require chronic treatment.

All STEP trials included a lifestyle intervention. However, only the STEP 3 trial incorporated
very intensive lifestyle modifications, which included a low-calorie intake during the opening
8 weeks and then an additional 30 weeks of intensive behavioral therapy sessions with registered
dieticians [24]. As a consequence, the patients in the placebo arm lost almost double the amount
of weight recorded in the placebo arms of STEP 1, 2, 5, and 6 [22,23,26,27]. The placebo arm in
STEP 3 lost 5.7% of weight, while the placebo arm in STEP 1 lost 2.4%, STEP 2 lost 3.4%, STEP
5 lost 2.6%, and STEP 6 lost 2.1%. Weight loss in the placebo arm of STEP 4 was 5%, but these
patients were busy regaining weight after being treated with semaglutide for 20 weeks before
being switched to only receiving standard lifestyle modifications. However, the approach of
short-term drug treatment followed by standard lifestyle modifications in STEP 4 appeared as
effective as very intensive lifestyle modification with placebo treatment. It was striking that the
total weight loss achieved at the end of the treatment period in the semaglutide arms for STEP 1
was 14.9%, STEP 3 was 16%, STEP 4 was 17.4%, STEP 5 was 15.2%, STEP 6 was 13.2%, and STEP
8 was 15.8%. Only STEP 3 had very intensive lifestyle modifications, and it was expected that,
similar to SCALE intensive behavior therapy, the addition of the intensive lifestyle modifications
to semaglutide 2.4 mg would have added significantly more weight loss than when semaglutide
24 mg was combined with standard lifestyle modifications [29,30]. This raises the question of
whether semaglutide 2.4 mg requires any lifestyle modification to be effective.
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Table 3. Tolerability profile and main adverse events for STEP 1-6 and 8 [22-28].

STEP 1 STEP 2 STEP 3 STEP42 STEP 5 STEP 6 STEP 8
Parameter, n (%) Semaglutide Placeb Semaglutide Semaglutide Placeb: Semaglutide Placeb Semaglutide Placeb Semaglutide Placeb. Semaglutide Semaglutide Placeb Semaglutide Liraglutide

24mg acebo 2.4 mg 1mg acebo 2.4 mg acebo 24mg acebo 2.4 mg acebo 2.4 mg 1.7 mg acebo 24mg 3mg
Any adverse event 1171 (89.7) 566 (86.4) 353 (87-6) 329 (81-8) 309 (76-9) 390 (95.8) 196 (96.1) 435 (81.3) 201 (75.0) NA (96.1) NA (89.5) 171 (86) 82(82) 80 (79) 120 (95.2) 122 (96.1)
Serious adverse event 128 (9.8) 42 (6.4) 40 (9.9) 31(7.70) 37(9.2) 37(9.1) 6(29) 41(7.7) 15(5.6) NA (7.9) NA (11.8) 10 (5) 7(7) 7(7) 10(7.9) 14 (11.0)
;\iﬁsf;‘igi‘l:z‘i;ﬁ“’ trial 9 (7.0) 20@.1) 25 (6.2) 20 (5.0) 14(35) 24(5.9) 24(5.9) 13 24) 6022) NA (5.9) NA (4.6) 50) 30) 0 1(32) 16 (12.6)
Gastrointestinal disorders 969 (74.2) 314 (47.9) 256 (63.5) 231 (57.5) 138 (34.3) 337 (82.8) 129 (63.2) 224 (41.9) 70 (26.1) 125 (82.2) 82(53.9) 118 (59) 64 (64) 30 (30) 106 (84.1) 105 (82.7)
Gallbladder-related disorders 34(2.6) 8(1.2) 1(0.2) 4(1.0) 3(0.7) 20 (4.9) 3(1.5) 15 (2.8) 10 3.7) 4(2.6) 2(1.3) 2(1) 1(1) 1(1) 1(0.8) 4(3.1)
Hypoglycemia 8(0.6) 5(0.8) 23(5.7) 22(5.5) 12 (3.0) 2(0.5) 0 3(0.6) 3(1.1) 4(2.6) 0 0 0 0 0 1(0.8)
Acute pancreatitis 3(0.2) 0 1(0.2) 0 1(0.2) 0 0 0 0 0 0 0 0 0 0 1(0.8)
Injection site reactions 65 (5.0) 44 (6.7) 12 (3.0) 6(15) 10 (2.5) 22 (5.4) 12 (5.9) 14 (2.6) 6(2.2) 10 (6.6) 15 (9.9) 4(2) 0 0 0 14 (11.0)
Diarrhoea 412 (31.5) 104 (15.9) 86 (21.3) 89 (22.1) 48 (11.9) 147 (36.1) 45 (22.1) 77 (14.4) 19 (7.1) NA NA 32 (16) 22 (22) 6(6) 35 (27.8) 23 (18.1)
Constipation 306 (23.4) 62(9.5) 70 (17.4) 51(12.7) 22 (5.5) 150 (36.9) 50 (24.5) 62 (11.6) 17 (6.3) NA NA 52 (26) 19 (19) 3(3) 49 (38.9) 40 (31.5)
Nausea 577 (44.2) 114 (17.4) 136 (33.7) 129 (32.1) 37(9.2) 237 (58.2) 45(22.1) 75 (14.0) 13 (4.9) NA NA 35 (18) 18 (18) 4(4) 77 (61.1) 75 (59.1)
Vomiting 324 (24.8) 43 (6.6) 88 (21.8) 54 (13.4) 11(2.7) 111 (27.3) 22(10.8) 55(10.3) 8(3.0) NA NA 19 (9) 10 (10) 2(2) 32(254) 32(254)
Nasopharyngitis 281 (21.5) 133 (20.3) 68 (16.9) 47 (11.7) 59 (14.7) 90 (22.1) 90 (22.1) 58 (10.8) 39 (14.6) NA NA 53 (27) 24 (24) 18 (18) 10(7.9) 11(8.7)

2 Data from week 20 (run-in period) to end of treatment.
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Other successful obesity treatments, such as bariatric surgery, do not appear to require
lifestyle modifications to provide any more weight loss within the first year after surgery [31,32].
This may be due to the subject’s obesity being effectively treated with surgery. The changes
in food intake behavior after successful obesity treatment may not be amplified by giving the
patient a more stringent diet or exercise regimen. If this is true, then the cost of providing effective
obesity care will significantly reduce in the first year because it is often the requirement for
lifestyle modifications, which makes it difficult for practitioners to prescribe obesity treatments.
This does not mean that lifestyle modifications may not be helpful in the longer term because, as
the STEP trials have shown, there are also non-responders and partial responders to semaglutide.
The addition of lifestyle modification may provide additional weight loss to those who only
partially respond to the medication and thus result in substantial additional health gain; for
example, in STEP 3 trial, 75.3% of patients achieved >10% weight loss compared to 69.1%
in STEP 1.

Another major unexplored consequence of >15% weight loss with semaglutide may
be the inevitable lean muscle mass loss. This is also evident after liraglutide and bariatric
surgery [32-35]. The challenge is that patients who consume so few calories because of
the effective medication cannot consume enough protein in their daily intake to stop them
from becoming catabolic and losing muscle. Exercising these patients further may only
result in them becoming more catabolic and losing even more muscle mass [36]. Thus,
nutritional therapies once patients are in a steep negative energy balance may have to focus
on optimizing protein intake to prevent muscle mass loss. This may further improve the
functional gains made by patients if they can achieve 15% weight loss and maintain most
of the lean muscle mass [31,37]. These hypotheses, however, require further testing, as our
suggestions are purely speculation based on the similarities between trials, which used
intensive or less intensive lifestyle changes.

10. Conclusions

In summary, the results of the STEP trials supported the efficacy of high-dose, once-
weekly 2.4 mg semaglutide on body weight reduction among individuals with obesity.
While semaglutide resulted in more gastrointestinal-related side effects, the medication
appeared generally safe and well tolerated. The drug may be so effective that the role
of nutritional therapy may have to be redefined, and a shift away from using nutritional
therapy to achieve more weight loss to rather using nutritional therapy to achieve more
health gain may be required.

Author Contributions: Conceptualization, C.W.1R. and K.A.; Methodology, K.A., W.A.-N., and
C.W.IR,; Resources, K.A.; Writing—Original Draft Preparation, K.A.; Writing—Review and Editing,
W.A.-N. and CW.LR,; Supervision, C.W.LR.; All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: C.W.LR. reports grants from the Irish Research Council, Science Foundation
Ireland, Anabio, and the Health Research Board. He serves on the advisory boards of Novo Nordisk,
Herbalife, GI Dynamics, Eli Lilly, Johnson & Johnson, Sanofi Aventis, AstraZeneca, Janssen, Bristol-
Myers Squibb, Glia, and Boehringer Ingelheim. C.W.LR. is a member of the Irish Society for Nutrition
and Metabolism outside the area of work commented on here. He has been the chief medical
officer and director of the Medical Device Division of Keyron since January 2011. Both of these are
unremunerated positions. C.W.LR. was a previous investor in Keyron, which develops endoscopically
implantable medical devices intended to mimic the surgical procedures of sleeve gastrectomy and
gastric bypass. He continues to provide scientific advice to Keyron for no remuneration. The other
authors declare no conflict of interest.



Nutrients 2022, 14, 2217 13 0of 14

References

1. Bliither, M. Obesity: Global epidemiology and pathogenesis. Nat. Rev. Endocrinol. 2019, 15, 288-298. [CrossRef]

2. Neeland, L].; Poirier, P; Després, ].P. Cardiovascular and Metabolic Heterogeneity of Obesity: Clinical Challenges and Implications
for Management. Circulation 2018, 137, 1391-1406. [CrossRef] [PubMed]

3. Fruh, SM. Obesity: Risk factors, complications, and strategies for sustainable long-term weight management. J. Am. Assoc. Nurse
Pract. 2017, 29, S3-S14. [CrossRef]

4. Parker, E.D.; Folsom, A.R. Intentional weight loss and incidence of obesity-related cancers: The lowa Women’s Health Study. Int.
J. Obes. Relat. Metab. Disord. 2003, 27, 1447-1452. [CrossRef] [PubMed]

5. Sharma, V.; Coleman, S.; Nixon, J.; Sharples, L.; Hamilton-Shield, J.; Rutter, H.; Bryant, M. A systematic review and meta-
analysis estimating the population prevalence of comorbidities in children and adolescents aged 5 to 18 years. Obes. Rev.
2019, 20, 1341-1349. [CrossRef] [PubMed]

6.  Guh, D.P; Zhang, W.; Bansback, N.; Amarsi, Z.; Birmingham, C.L.; Anis, A.H. The incidence of co-morbidities related to obesity
and overweight: A systematic review and meta-analysis. BMC Public Health 2009, 9, 88. [CrossRef] [PubMed]

7. Garvey, W.T.; Mechanick, ].I; Brett, E.M.; Garber, A.].; Hurley, D.L.; Jastreboff, A.M.; Nadolsky, K.; Pessah-Pollack, R.; Plodkowski,
R. American association of clinical endocrinologists and American college of endocrinology comprehensive clinical practice
guidelines for medical care of patients with obesity. Endocr. Pract. 2016, 22 (Suppl. 3), 1-203. [CrossRef] [PubMed]

8. Yumuk, V.; Tsigos, C.; Fried, M.; Schindler, K.; Busetto, L.; Micic, D.; Toplak, H. European Guidelines for Obesity Management in
Adults. Obes. Facts 2015, 8, 402—-424. [CrossRef]

9. Wharton, S.; Lau, D.C.W,; Vallis, M.; Sharma, A.M.; Biertho, L.; Campbell-Scherer, D.; Adamo, K.; Alberga, A.; Bell, R.; Boulé, N.;
et al. Obesity in adults: A clinical practice guideline. Cmaj 2020, 192, E875-E891. [CrossRef]

10. Sumithran, P; Prendergast, L.A.; Delbridge, E.; Purcell, K.; Shulkes, A.; Kriketos, A.; Proietto, J. Long-term persistence of
hormonal adaptations to weight loss. N. Engl. J. Med. 2011, 365, 1597-1604. [CrossRef]

11. Bessesen, D.H.; Van Gaal, L.F. Progress and challenges in anti-obesity pharmacotherapy. Lancet Diabetes Endocrinol. 2018,
6,237-248. [CrossRef]

12.  Singh, G.; Krauthamer, M.; Bjalme-Evans, M. Wegovy (semaglutide): A new weight loss drug for chronic weight management. J.
Investig. Med. 2021, 70, 5-13. [CrossRef] [PubMed]

13.  Khera, R.; Murad, M.H.; Chandar, A K.; Dulai, P.S.; Wang, Z.; Prokop, L.J.; Loomba, R.; Camilleri, M.; Singh, S. Association of
Pharmacological Treatments for Obesity With Weight Loss and Adverse Events: A Systematic Review and Meta-analysis. JAMA
2016, 315, 2424-2434. [CrossRef] [PubMed]

14. Markham, A. Setmelanotide: First Approval. Drugs 2021, 81, 397—403. [CrossRef]

15.  Shi, Q.; Wang, Y.; Hao, Q.; Vandvik, PO.; Guyatt, G.; Li, J.; Chen, Z.; Xu, S.; Shen, Y.; Ge, L.; et al. Pharmacotherapy for adults
with overweight and obesity: A systematic review and network meta-analysis of randomised controlled trials. Lancet 2022,
399, 259-269. [CrossRef]

16. Burcelin, R.; Gourdy, P. Harnessing glucagon-like peptide-1 receptor agonists for the pharmacological treatment of overweight
and obesity. Obes. Rev. 2017, 18, 86-98. [CrossRef]

17. Isaacs, D.; Prasad-Reddy, L.; Srivastava, S.B. Role of glucagon-like peptide 1 receptor agonists in management of obesity. Am. J.
Health Syst. Pharm. 2016, 73, 1493-1507. [CrossRef]

18.  Avgerinos, I.; Michailidis, T.; Liakos, A.; Karagiannis, T.; Matthews, D.R.; Tsapas, A.; Bekiari, E. Oral semaglutide for type 2
diabetes: A systematic review and meta-analysis. Diabetes Obes. Metab. 2020, 22, 335-345. [CrossRef]

19. Kinzig, K.P; D’Alessio, D.A.; Seeley, R.J. The diverse roles of specific GLP-1 receptors in the control of food intake and the
response to visceral illness. J. Neurosci. 2002, 22, 10470-10476. [CrossRef]

20. Schick, R.R.;; Zimmermann, J.P.; vorm Walde, T.; Schusdziarra, V. Peptides that regulate food intake: Glucagon-like peptide
1-(7-36) amide acts at lateral and medial hypothalamic sites to suppress feeding in rats. Am. J. Physiol. Regul. Integr. Comp. Physiol.
2003, 284, R1427-R1435. [CrossRef]

21.  Alruwaili, H.; Dehestani, B.; le Roux, C.W. Clinical Impact of Liraglutide as a Treatment of Obesity. Clin. Pharmacol. 2021,
13, 53-60. [CrossRef]

22.  Wilding, ] PH.; Batterham, R.L.; Calanna, S.; Davies, M.; Van Gaal, L.F; Lingvay, I.; McGowan, B.M.; Rosenstock, J.; Tran, M.T.D.;
Wadden, T.A.; et al. Once-Weekly Semaglutide in Adults with Overweight or Obesity. N. Engl. ]. Med. 2021, 384, 989. [CrossRef]

23. Davies, M.; Feerch, L.; Jeppesen, O.K.; Pakseresht, A.; Pedersen, S.D.; Perreault, L.; Rosenstock, J.; Shimomura, I.; Viljoen, A.;
Wadden, T.A,; et al. Semaglutide 2-4 mg once a week in adults with overweight or obesity, and type 2 diabetes (STEP 2): A
randomised, double-blind, double-dummy, placebo-controlled, phase 3 trial. Lancet 2021, 397, 971-984. [CrossRef]

24. Wadden, T.A; Bailey, T.S.; Billings, L.K.; Davies, M.; Frias, ].P,; Koroleva, A.; Lingvay, I.; O’'Neil, PM.; Rubino, D.M.; Skovgaard,
D.; et al. Effect of Subcutaneous Semaglutide vs Placebo as an Adjunct to Intensive Behavioral Therapy on Body Weight in Adults
With Overweight or Obesity: The STEP 3 Randomized Clinical Trial. JAMA 2021, 325, 1403-1413. [CrossRef]

25.  Rubino, D.; Abrahamsson, N.; Davies, M.; Hesse, D.; Greenway, F.L.; Jensen, C.; Lingvay, I.; Mosenzon, O.; Rosenstock, J.; Rubio,

M.A.; et al. Effect of Continued Weekly Subcutaneous Semaglutide vs. Placebo on Weight Loss Maintenance in Adults with
Overweight or Obesity: The STEP 4 Randomized Clinical Trial. JAMA 2021, 325, 1414-1425. [CrossRef]


http://doi.org/10.1038/s41574-019-0176-8
http://doi.org/10.1161/CIRCULATIONAHA.117.029617
http://www.ncbi.nlm.nih.gov/pubmed/29581366
http://doi.org/10.1002/2327-6924.12510
http://doi.org/10.1038/sj.ijo.0802437
http://www.ncbi.nlm.nih.gov/pubmed/14634673
http://doi.org/10.1111/obr.12904
http://www.ncbi.nlm.nih.gov/pubmed/31342672
http://doi.org/10.1186/1471-2458-9-88
http://www.ncbi.nlm.nih.gov/pubmed/19320986
http://doi.org/10.4158/EP161365.GL
http://www.ncbi.nlm.nih.gov/pubmed/27219496
http://doi.org/10.1159/000442721
http://doi.org/10.1503/cmaj.191707
http://doi.org/10.1056/NEJMoa1105816
http://doi.org/10.1016/S2213-8587(17)30236-X
http://doi.org/10.1136/jim-2021-001952
http://www.ncbi.nlm.nih.gov/pubmed/34706925
http://doi.org/10.1001/jama.2016.7602
http://www.ncbi.nlm.nih.gov/pubmed/27299618
http://doi.org/10.1007/s40265-021-01470-9
http://doi.org/10.1016/S0140-6736(21)01640-8
http://doi.org/10.1111/obr.12465
http://doi.org/10.2146/ajhp150990
http://doi.org/10.1111/dom.13899
http://doi.org/10.1523/JNEUROSCI.22-23-10470.2002
http://doi.org/10.1152/ajpregu.00479.2002
http://doi.org/10.2147/CPAA.S276085
http://doi.org/10.1056/NEJMoa2032183
http://doi.org/10.1016/S0140-6736(21)00213-0
http://doi.org/10.1001/jama.2021.1831
http://doi.org/10.1001/jama.2021.3224

Nutrients 2022, 14, 2217 14 of 14

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Garvey, W.T.; Batterham, R.L.; Bhatta, M.; Buscemi, S.; Christensen, L.N.; Frias, ].P; Jédar, E.; Kandler, K.; Rigas, G.; Wadden, T.A ;
et al. Two year Effect of Semaglutide 2.4 mg vs. Placebo in Adults with Overweight or Obesity: STEP 5. In Proceedings of the
39th Annual Meeting of The Obesity Society (TOS), ObesityWeek, 1-5 November 2021.

Kadowaki, T.; Isendahl, J.; Khalid, U.; Lee, S.Y.; Nishida, T.; Ogawa, W.; Tobe, K.; Yamauchi, T.; Lim, S. Semaglutide once a
week in adults with overweight or obesity, with or without type 2 diabetes in an east Asian population (STEP 6): A randomised,
double-blind, double-dummy, placebo-controlled, phase 3a trial. Lancet Diabetes Endocrinol. 2022, 10, 193-206. [CrossRef]
Rubino, D.M.; Greenway, F.L.; Khalid, U.; O’'Neil, PM.; Rosenstock, J.; Serrig, R.; Wadden, T.A.; Wizert, A.; Garvey, W.T,;
Investigators, S. Effect of Weekly Subcutaneous Semaglutide vs. Daily Liraglutide on Body Weight in Adults with Overweight or
Obesity without Diabetes: The STEP 8 Randomized Clinical Trial. JAMA 2022, 327, 138-150. [CrossRef]

Wadden, T.A.; Tronieri, J.S.; Sugimoto, D.; Lund, M.T.; Auerbach, P,; Jensen, C.; Rubino, D. Liraglutide 3.0 mg and Intensive
Behavioral Therapy (IBT) for Obesity in Primary Care: The SCALE IBT Randomized Controlled Trial. Obesity 2020, 28, 529-536.
[CrossRef]

Pi-Sunyer, X.; Astrup, A.; Fujioka, K.; Greenway, F.; Halpern, A.; Krempf, M.; Lau, D.C.W,; le Roux, C.W.,; Violante Ortiz, R,;
Jensen, C.B.; et al. A Randomized, Controlled Trial of 3.0 mg of Liraglutide in Weight Management. N. Engl. ]. Med. 2015, 373,
11-22. [CrossRef]

Tabesh, M.R.; Maleklou, E; Ejtehadi, F.; Alizadeh, Z. Nutrition, Physical Activity, and Prescription of Supplements in Pre- and
Post-bariatric Surgery Patients: A Practical Guideline. Obes. Surg. 2019, 29, 3385-3400. [CrossRef]

Nuijten, M.A.H.; Eijsvogels, TM.H.; Monpellier, V.M.; Janssen, LM.C.; Hazebroek, E.J.; Hopman, M.T.E. The magnitude and
progress of lean body mass, fat-free mass, and skeletal muscle mass loss following bariatric surgery: A systematic review and
meta-analysis. Obes. Rev. 2022, 23, €13370. [CrossRef] [PubMed]

Colquitt, J.L.; Pickett, K.; Loveman, E.; Frampton, G.K. Surgery for weight loss in adults. Cochrane Database Syst. Rev. 2014,
8, CD003641. [CrossRef] [PubMed]

Astrup, A.; Carraro, R.; Finer, N.; Harper, A.; Kunesova, M.; Lean, M.E.].; Niskanen, L.; Rasmussen, M.E; Rissanen, A.; Rossner,
S.; et al. Safety, tolerability and sustained weight loss over 2 years with the once-daily human GLP-1 analog, liraglutide. Int. J.
Obes. 2012, 36, 843-854. [CrossRef] [PubMed]

Park, J.S.; Kwon, J.; Choi, H.J.; Lee, C. Clinical effectiveness of liraglutide on weight loss in South Koreans: First real-world
retrospective data on Saxenda in Asia. Medicine 2021, 100, €23780. [CrossRef]

King, W.C.; Bond, D.S. The importance of preoperative and postoperative physical activity counseling in bariatric surgery. Exerc.
Sport Sci. Rev. 2013, 41, 26-35. [CrossRef]

Sherf Dagan, S.; Goldenshluger, A.; Globus, I.; Schweiger, C.; Kessler, Y.; Kowen Sandbank, G.; Ben-Porat, T.; Sinai, T. Nutritional
Recommendations for Adult Bariatric Surgery Patients: Clinical Practice. Adv. Nutr. 2017, 8, 382-394. [CrossRef]


http://doi.org/10.1016/S2213-8587(22)00008-0
http://doi.org/10.1001/jama.2021.23619
http://doi.org/10.1002/oby.22726
http://doi.org/10.1056/NEJMoa1411892
http://doi.org/10.1007/s11695-019-04112-y
http://doi.org/10.1111/obr.13370
http://www.ncbi.nlm.nih.gov/pubmed/34664391
http://doi.org/10.1002/14651858.CD003641.pub4
http://www.ncbi.nlm.nih.gov/pubmed/25105982
http://doi.org/10.1038/ijo.2011.158
http://www.ncbi.nlm.nih.gov/pubmed/21844879
http://doi.org/10.1097/MD.0000000000023780
http://doi.org/10.1097/JES.0b013e31826444e0
http://doi.org/10.3945/an.116.014258

	Introduction 
	The STEP 1 Trial 
	The STEP 2 Trial 
	The STEP 3 Trial 
	The STEP 4 Trial 
	The STEP 5 Trial 
	The STEP 6 Trial 
	The STEP 8 Trial 
	Discussion 
	Conclusions 
	References

