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Purpose: Semaglutide has demonstrated safe and effective weight loss for overweight and obesity, including participants with 
concomitant type 2 diabetes mellitus (T2DM), in randomized placebo-controlled trials (RCTs). We conducted a systematic literature 
review (SLR) and network meta-analyses (NMA) to compare weekly semaglutide 2.4 mg with pharmacological comparators for 
weight management in overweight or obesity.
Methods: The SLR was performed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA) checklist. NMAs were performed to compare weight change for semaglutide 2.4 mg with comparators using data identified 
in the SLR. The populations of interest were total population, normal glucose tolerance, non-T2DM, pre-diabetes, and T2DM. 
Included outcomes were weight change from baseline (CFB, %) at 52 weeks and proportion of participants losing ≥5% baseline fasting 
body weight at 12 weeks (at full therapeutic dose).
Results: The SLR identified 108 RCTs examining non-surgical interventions, of which 41 were considered for inclusion in the NMAs. 
In all populations, semaglutide 2.4 mg was associated with a greater percentage weight CFB with 52 weeks of treatment versus all 
available comparators. In all populations, semaglutide was associated with a higher likelihood of participants losing ≥5% of baseline 
fasting body weight at 12 weeks versus all available comparators.
Conclusion: In NMA, semaglutide 2.4 mg demonstrated effective weight loss (≥5%) in the total population and all subpopulations of 
glucose tolerance versus active comparators. Semaglutide is an effective treatment that may address unmet need in the management of 
overweight and obesity.
Keywords: network meta-analysis, obesity, semaglutide, systematic literature review

Introduction
Obesity is a major global public health issue; the World Health Organisation estimated that in 2016 there were almost 2 
billion adults worldwide with overweight and 650 million with obesity.1 Obesity is associated with the development of 
serious comorbidities, including type 2 diabetes mellitus (T2DM), cardiovascular disease, obstructive sleep apnea, and 
osteoarthritis.2–4

Lifestyle interventions, such as improved diet and increased physical activity, are the cornerstone of obesity 
management.5 However, lifestyle intervention alone may not be a durable management method for overweight and 
obesity as it does not appear to have a long-term impact on morbidity or mortality, as found in the Look AHEAD 
study.6,7 Pharmacological options for obesity include orlistat (lipase inhibitor), liraglutide (glucagon-like peptide 1 [GLP- 
1] agonist), naltrexone/bupropion (opioid antagonist/dual norepinephrine and dopamine reuptake inhibitor), and phen
termine/topiramate (adrenergic agonist/gamma-aminobutyric acid receptor modulator). However, despite the substantial 
burden of obesity, pharmacological therapy has not been widely adopted as a management approach.8 This may be 
because these therapies only result in modest additional weight loss when used in conjunction with lifestyle intervention.8 
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In addition, there are safety concerns with some pharmacological weight loss therapies, such as phentermine/topiramate, 
that have led to negative opinions from regulatory agencies.9 Therefore, newer, more effective, and safer pharmacolo
gical interventions are needed to augment lifestyle interventions in overweight and obesity. Newer pharmacological 
interventions include tirzepatide (glucose-dependent insulinotropic polypeptide and GLP-1 agonist), which has demon
strated efficacy in people with T2DM in the SURPASS-2 trial,10 as well as sodium glucose cotransporter 2 (SGLT-2) 
inhibitors (eg, dapagliflozin, canagliflozin) that are used to manage T2DM but can also induce clinically significant 
weight loss.11

Another newer intervention is semaglutide, a long-acting GLP-1 analogue that mimics the effects of native GLP-1, 
which regulates appetite and blood sugar levels.12,13 Weight loss with semaglutide occurs through a reduction in energy 
intake, increased satiety and satiation, and reduced hunger, in conjunction with enhanced glycemic control; the latter 
occurs through semaglutide’s action on GLP-1, which stimulates insulin secretion and suppresses glucagon secretion 
when blood glucose levels are high.12–14 The safety and efficacy of semaglutide in overweight and obesity has been 
demonstrated in the Semaglutide Treatment Effect in People with obesity (STEP) clinical trial program. The STEP 
program (currently comprising STEP 1 to STEP 8) is a collection of Phase 3 trials of 2.4 mg semaglutide administered 
subcutaneously once weekly in conjunction with different intensities of lifestyle interventions. The STEP study 
participants have overweight or obesity, with or without T2DM. Compared with placebo, semaglutide 2.4 mg conferred 
a significantly greater reduction in body weight and a higher proportion of participants achieved ≥5% weight reduction in 
STEP 1 and STEP 2.12,15 Weight loss with semaglutide 2.4 mg was accompanied by greater improvements in 
cardiometabolic risk factors (eg, waist circumference, blood pressure, and lipid levels) and physical functioning than 
placebo.12,15 The most common adverse events with semaglutide were gastrointestinal (nausea, diarrhea) but these were 
generally mild-to-moderate and transient.12,15

Until the results of STEP 8 (weekly semaglutide 2.4 mg versus daily liraglutide 3.0 mg) were published in 2022,16 all 
randomized controlled trials (RCTs) in the STEP program have compared semaglutide with placebo; therefore, to 
compare semaglutide with other active comparators, indirect treatment comparison is required. The objective of this 
systematic literature review (SLR) and meta-analysis was to compare RCT evidence for weekly semaglutide 2.4 mg with 
that of relevant pharmacological comparators for weight management in people who have overweight or obesity. The 
outcomes of interest were weight change from baseline (CFB, %) at 52 weeks and proportion of participants losing ≥5% 
baseline fasting body weight at 12 weeks at full therapeutic dose (ie, as per the stopping rule for certain weight loss 
drugs, such as orlistat and liraglutide, when participants fail to achieve ≥5% baseline fasting body weight at 12 weeks at 
full therapeutic dose).

Materials and Methods
Systematic Literature Review
A systematic literature review was performed in accordance with the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses (PRISMA) checklist.17

To identify RCTs reporting on semaglutide 2.4 mg and comparators (to include pharmacological agents, surgical 
intervention, and diet) in people with overweight or obesity, searches of Medline®, Medline® Epub Ahead of Print (In- 
Process & Other Non-Indexed Citations), Embase, and EBM Reviews were performed via Ovid on 8th September 2020. 
The search strategy used to interrogate the EMBASE database is provided in Supplementary Table 1. Additional searches 
of conference proceedings (from the last 3 years), health technology assessment (HTA) body websites, clinical trial 
registries (ClinicalTrials.gov and World Health Organization International Clinical Trials Registry Platform), and 
reference lists of included studies were performed to identify other relevant evidence. Eligibility criteria included 
RCTs, SLR, and meta-analysis publications reporting efficacy and safety data for semaglutide 2.4 mg and relevant 
comparators. Full eligibility criteria are presented in Table 1.

Citations of interest were identified by a member of the team (authors EH or SM) and verified by an independent 
reviewer (authors SB or SM), based on title and abstract. Full publications were obtained for all citations of interest and 
were assessed by one reviewer and verified by a second reviewer. Any uncertainties were resolved through discussion. 
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Table 1 Eligibility Criteria for the Systematic Literature Review

Criteria Include

Population Adults with:  
● BMI ≥27 kg/m2 and one weight-related co-morbidity  

● BMI ≥30 kg/m2 (with weight-related co-morbidities)  

● BMI ≥30 kg/m2 (without weight-related co-morbidities) 
Populations of interest for the meta-analysis included:  

● Full population (full population in terms of BMI categories) (principal population of interest)  

● Normal glucose tolerance (full population in terms of BMI categories)  
● Non-T2DM (full population in terms of BMI categories)  

● High CVD risk† (full population in terms of BMI categories)  

● Pre-diabetic (full population in terms of BMI categories)  
● Pre-diabetic and high CVD risk (full population in terms of BMI categories)  

● Pre-diabetic and BMI ≥35 kg/m2  

● Pre-diabetic and BMI ≥35 kg/m2 and high CVD risk  
● T2DM (full population in terms of BMI categories)  

● Subjects eligible for bariatric surgery in the following subpopulations [only population to consider bariatric surgery as a comparator]   

o BMI ≥35 kg/m2 (with weight-related co-morbidities)   
o BMI ≥40 kg/m2 (with or without weight-related co-morbidities)

Intervention & 

comparators

Intervention of interest: semaglutide 2.4 mg 

Comparators of interest to include:  

● No treatment (placebo)  
● Diet and exercise (to include behavioural therapy components)  

● Liraglutide, 3.0 mg  

● Orlistat (any dose)  
● Naltrexone/bupropion (any dose)  

● Phentermine/topiramate (Qsymia) (any dose)  

● Phentermine (Adipex P, Suprenza), 15–37.5 mg/daily  
● Bariatric surgery (no restriction on surgery type and for eligible subpopulation only)

Outcomes Efficacy outcomes  
● Proportion of subjects losing at least 5, 10 and 15% of baseline fasting body weight  

● CFB weight change in kg  

● CFB weight change in %  
● CFB SBP in mmHg  

● CFB total cholesterol in mg/dL (log-transformed scale as per the STEP trials)  

● CFB HDL in mg/dL (log-transformed scale as per the STEP trials)  
● CFB HbA1c in %  

● Incidence of patients reverting from prediabetes to normal glucose tolerance  

● Incidence of patients reducing antihypertensive treatment  
● Incidence of patients reducing glucose lowering drugs  

● CFB waist circumference in cm 

Safety outcomes  
● Incidence of hypoglycaemia  

● Incidence of SAEs  

● Discontinuations due to AEs

Study design ● Randomised controlled trials  

● SLR and meta-analysis publications

Geography No restriction

(Continued)
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Data were extracted into an Excel spreadsheet by one reviewer and checked against the original publication by a second 
reviewer.

Quality Assessment
Quality (risk of bias) assessment of eligible RCTs was conducted using the criteria provided in the National Institute for 
Health and Care Excellence (NICE) single technology appraisal user guide.18 This approach is in line with guidance 
provided by the Centre for Reviews and Dissemination for assessing the quality of studies in SLRs.19

Network Meta-Analysis
A network meta-analysis (NMA) was performed to compare weight change for semaglutide 2.4 mg with comparators. 
Relevant data were analyzed from publications identified in the SLR (considering total trial population data or subgroup 
data). The populations of interest were total population, normal glucose tolerance (NGT), non-T2DM, pre-diabetes, and 
T2DM; separate NMA analyses were conducted for each of these populations.

The outcomes of interest were weight CFB (%) at 52 weeks and proportion of participants losing ≥5% baseline 
fasting body weight after 12 weeks at full therapeutic dose. The latter outcome included 16-week data for liraglutide, 
naltrexone/bupropion and phentermine/topiramate (4 weeks titration and 12 weeks at full dose), 12-week data for orlistat 
(no titration), and 28-week data for semaglutide (16 weeks titration and 12 weeks full dose).

Bayesian framework and Markov Chain Monte Carlo (MCMC) simulation were used for modelling, with the 
inclusion of vague prior distributions in line with guidance on evidence synthesis from the NICE Decision Support 
Unit.20–22 All NMA models were fitted using WinBUGS software (MRC Biostatistics Unit, Cambridge, UK); normal 
likelihood, identity link (CFB weight) and binomial, logit link (proportion of participants losing ≥5% baseline fasting 
body weight). The models were run with three chains for a burn-in of 50,000 iterations and inferences were based on a 
further 20,000 iterations. The point estimate of the results represented the median of the posterior distribution with 
associated 95% credible intervals (CrIs). As there are no closed loops of evidence within the current evidence base (other 
than loops of evidence comprised multi-arm trials) it was not necessary to assess inconsistency in the networks.

Both fixed effect (FE) and random effect (RE) models were conducted, and model fit compared in terms of deviance 
information criterion (DIC) and residual deviance; the model with the lowest DIC and residual deviance closest to the 
number of data points was selected as the model of choice.

Results
Systematic Literature Review
The electronic database searches identified a total of 13,287 publications. Following deduplication, 11,352 publications 
were screened by title and abstract. Of these, 318 articles were deemed potentially relevant and were screened based on 
the full publication. A further 112 publications were excluded at this stage. Handsearching yielded an additional seven 
citations, giving a total of 213 publications covering 130 unique studies for inclusion. The flow of studies through the 
review is summarized in the Preferred Reporting Items for Systematic Reviews and Meta-analysis flow diagram 
(PRISMA) in the Supplementary Figure 1.

Table 1 (Continued). 

Criteria Include

Date of 

publication

No restriction

Language No restriction. The primary focus will be English language publications or non-English language publications with an English abstract.

Notes: †High risk of CVD defined as: (i) total cholesterol >5 mmol/L, or (ii) SBP >140 mmHg, or (iii) HDL <1.0 mmol/L for men and <1.3 mmol/L for women, or (iv) any 
other definition applied in the publication. 
Abbreviations: AE, adverse event; BMI, body mass index; CFB, change from baseline; CVD, cardiovascular disease; HbA1c, hemoglobin A1cl; HDL, high density lipoprotein; SAE, 
serious adverse event; SBP, systolic blood pressure; SLR, systematic literature review; STEP, Semaglutide Treatment Effect in People with obesity; T2DM, type 2 diabetes mellitus.
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Non-surgical interventions were of primary interest for the NMAs. The potential inclusion of bariatric surgery in the 
NMA was explored but was not deemed appropriate because the populations included in the bariatric surgery trials 
(comparing surgery with medical treatment or diet) were highly selective in comparison with the studies investigating 
pharmacological agents. For example, populations in the surgical RCTs had a higher mean body mass index (BMI), 
included participants with comorbidities, often required weight loss of ≥5% prior to enrolment, included small numbers 
of participants, and had issues associated with participant retention. These factors may have biased the trial results in 
favor of bariatric surgery. Of the trials included in the SLR, 108 RCTs (164 publications) investigated non-surgical 
interventions. Of these, 67 RCTs (115 publications) were not considered for the meta-analysis for the following reasons: 
trial duration <9 months (STEP trials reported outcome data at a minimum of 9 months’ follow-up and therefore a trial 
duration of <9 months did not align with the STEP program and the outcomes considered in the analyses); no appropriate 
comparator for inclusion in evidence network; no relevant data reported; and subpopulation not of interest. The 
remaining 41 RCTs (49 publications) were considered for the NMAs (Table 2). Table 3 shows the active comparators 
with available data for each outcome-specific network (placebo/control was the common comparator across all networks) 
and the evidence networks are presented in Supplementary Figure 1 and Supplementary Figure 2. For the percent weight 
CFB to 52 weeks, data were available for all comparators in the total, non-T2DM, and T2DM populations. Liraglutide 
was the only comparator with available data in the NGT population. In the pre-diabetic population, data were available 
for liraglutide and phentermine/topiramate.

For the proportion of participants losing ≥5% baseline fasting body weight at 12 weeks of full therapeutic dose, no 
comparisons were feasible for semaglutide 2.4 mg versus phentermine/topiramate or naltrexone/bupropion. Data on 
liraglutide and orlistat were available for the total and non-T2DM populations, while liraglutide was the only comparator 
for the NGT, pre-diabetic and T2DM populations.

Variability was noted across the trials in terms of the study design and populations (eg, age, sex, weight, and BMI); 
however, the studies in the evidence networks were considered sufficiently homogenous to combine in NMAs. Potential 
outlier studies included the Light study, which enrolled women aged ≥50 years and men aged >45 years and included a 
population with a higher mean age than other trials. The EQUIP trial enrolled people with BMI ≥35 kg/m2 and therefore 
the study population had a higher mean BMI than other trials. There were also differences in the proportion of 
participants with comorbidities, particularly T2DM. A total of 13 studies included in the SLR exclusively enrolled 
people with T2DM23–31 or a proportion of participants with T2DM.32–34 As relative treatment effects may be different in 
people with or without T2DM, the current analysis considered subpopulations according to glucose tolerance to account 
for any differences conferred by T2DM.

Intensive behavioral therapy (IBT) is a form of obesity management that aims to change eating and exercise habits.35 

Inclusion of IBT as an adjunctive treatment in studies may be disadvantageous to pharmacological therapies; the relative 
treatment effects versus control may be lower in trials that include IBT than in those that exclude IBT.36 Five trials 
(COR-BMOD,37 NCT02911818,38 STEP 3,36 SCALE IBT,39 and SCALE Insulin trial)31 specified IBT as a concomitant 
lifestyle therapy (comprising counselling, dietary advice, and increased physical activity). To account for the potential 
impact of IBT on the outcomes of the NMA, these five trials were excluded from the networks (although it is noted that 
participants in the remaining studies in the network may also have received dietary and exercise advice). Thus, up to 20 
studies were included in the evidence networks (20 in the total population, nine in the TD2M network, 12 in the non- 
T2DM network, three in the pre-diabetes network, and two in the NGT network).

Results of the quality assessment are presented in Supplementary Table 2 for all 41 RCTs (49 publications) 
considered for the NMAs. In general, the trials included in the NMAs were high quality with adequate randomization 
and concealment of treatment allocation. Across all studies, baseline characteristics were well balanced between 
treatment groups and all measured outcomes were reported. All trials were blinded except one that was not blinded 
and the authors acknowledged that this prevented them from determining the independent effect of orlistat.40 In a second 
study, the extent of blinding was unclear but the potential impact on results was not discussed.41 All studies used an 
intention-to-treat (ITT) analysis except for two in which this was unclear42,43 and two that did not use an ITT analysis. Of 
the latter studies, one analyzed completers at 2 years but the impact of the non-ITT analysis was not discussed in the 
publication.44 The second study was excluded from the NMAs as it included IBT.37
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Table 2 Summary of Eligible Studies Investigating Pharmacological Agents Identified in Systematic Literature Review

Study Details Baseline Characteristics Total 
Treatment 
Duration 
(Weeks)

Total 
Follow- 
Up 
Duration 
(Weeks)

Study Name, 
Design, 
Country

Population (Key 
Inclusion Criteria)

Intervention N 
(Rand.)

Mean (SD) 
Age, Years

Males, n 
(%)

Mean (SD) 
Weight, Kg

Mean BMI 
(SD), Kg/ 
m2

Comorbidities (eg 
T2DM, %)

Liraglutide

Astrup 200955 

NCT00422058 

Phase 2, double- 
blind 

Europe

● Age 18-65 years
● BMI 30–40 kg/m2

● Stable body weight
● FPG <7 mmol/L at run 

in

Liraglutide 3.0 

mg/day 

(initiated at 0.6 
mg/day and 

escalated by 

0.6 mg per 
week)

93 45.9 (10.7) 25 (75) 97.6 (13.7) 34.8 (2.8) ● Pre-diabetes: 29.0%
● T2DM: 4.3%
● NGT: 65.6%

20 20

Orlistat 120 
mg three times 

daily

95 45.9 (9.1) 23 (77) 96.0 (11.7) 34.1 (2.6) ● Pre-diabetes: 28.4%
● T2DM: 3.2%
● NGT: 67.4%

Placebo 98 45.9 (10.3) 25 (75) 97.3 (12.3) 34.9 (2.8) ● Pre-diabetes: 32.7%
● T2DM: 4.1%
● NGT: 62.2%

O’Neill 201856 

NCT02453711 

Phase 2, double- 
blind 

International

● Age ≥18 years
● BMI ≥30 kg/m2 not of 

endocrine aetiology, 

without diabetes
● ≥1 previous unsuc

cessful nonsurgical 

weight loss attempt
● Free from major 

depressive symptoms

Liraglutide 3.0 

mg/day 

(initiated at 0.6 
mg/day and 

escalated by 

0.6 mg per 
week)

103 49 (11) 36 (35) 108.7 (21.9) 38.6 (6.6) None 52 52

Placebo 136 46 (13) 48 (35) 114.2 (25.4) 40.1 (7.2)
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Wadden 201938 

NCT02911818 
Open-label 

(phase unclear) 

US

● Aged 21–70 years
● BMI 30–55 kg/m2

● Prior lifetime weight 
loss effort with diet 

and exercise

IBT 50 49.5 (11) NR (22) 105.8 (14.7) 38 (4.3) T2DM: 0% 52 56

IBT/liraglutide 

3.0 mg/day 

(initiated at 0.6 
mg/day and 

escalated by 

0.6 mg per 
week)

50 45.2 (12.3) NR 16) 107.8 (17.9) 38.5 (5.4)

Multi- 
component 

(IBT/liraglutide 

3.0 mg/day 
[initiated at 0.6 

mg/day and 

escalated by 
0.6 mg per 

week] + 12 

week diet 
intervention)

50 48 (11.9) NR (24) 111.7 (19.4) 38.8 (5)

Davies 201530 

SCALE Diabetes 

trial 

(NCT01272232) 
Double-blind 

(phase unclear) 

International

● Age >18 years
● BMI >27.0
● Stable body weight
● T2DM treated with 

diet and exercise 
alone or in combina

tion with 1–3 oral 

hypoglycaemic agents

Liraglutide 3 
mg/day

423 55 (10.8) NR (52) 105.7 (21.9) 37.1 (6.5) ● T2DM: 100%
● Dyslipidaemia: 69.7%
● Hypertension: 69.3%

56 68

Liraglutide 1.8 
mg/day

211 54.9 (10.7) NR (51.2) 105.8 (21) 37 (6.9) ● T2DM: 100%
● Dyslipidaemia: 67.8%
● Hypertension: 70.1%

Placebo 212 54.7 (9.8) NR (45.8) 106.5 (21.3) 37.4 (7.1) ● T2DM: 100%
● Dyslipidaemia: 59.4%
● Hypertension: 68.4%

Wadden 202039 

SCALE IBT trial 

(NCT02963935) 

Phase 3, double- 
blind 

US

● Age ≥18 years
● Stable body weight
● BMI ≥30 kg/m2

Liraglutide 3.0 
mg/day

142 45.4 (11.6) NR (16.2) 108.5 (22.1) 39.3 (6.8) None 52 56

Placebo 140 49 (11.2) NR (17.1) 106.7 (22) 38.7 (7.2)

(Continued)
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Table 2 (Continued). 

Study Details Baseline Characteristics Total 
Treatment 
Duration 
(Weeks)

Total 
Follow- 
Up 
Duration 
(Weeks)

Study Name, 
Design, 
Country

Population (Key 
Inclusion Criteria)

Intervention N 
(Rand.)

Mean (SD) 
Age, Years

Males, n 
(%)

Mean (SD) 
Weight, Kg

Mean BMI 
(SD), Kg/ 
m2

Comorbidities (eg 
T2DM, %)

Garvey 202031 

SCALE Insulin 

trial 

(NCT02963922) 
Phase 3, double- 

blind 

International

● Age ≥18 years
● BMI ≥27 kg/m2

● Stable body weight
● T2DM with HbA1c 

≥6.0 to ≤10% (42– 
86 mmol/mol) at 

screening
● Receiving stable treat

ment with any basal 

insulin and ≤2 OADs

Liraglutide 3.0 
mg/day

198 55.9 (11.3) 90 (45.5) 100.6 (20.8) 35.9 (6.5) ● T2DM: 100% 52 56

Placebo 198 57.6 (10.4) 99 (50) 98.9 (19.9) 35.3 (5.8) ● T2DM: 100%

Pi-Sunyer 201557 

SCALE Obesity 

and Prediabetes 
trial 

(NCT01272219) 

Double-blind 
(phase unclear) 

International

● Age ≥18 years
● BMI ≥30 kg/m2 or ≥27 

kg/m2 if the patient 

had treated or 
untreated dyslipidae

mia or hypertension

Liraglutide 3.0 

mg/day 

(initiated at 0.6 
mg/day and 

escalated by 

0.6 mg per 
week)

2487 45.2 (12.1) 530 (21.3) 106.2 (21.2) 38.3 (6.4) ● Pre-diabetes: 61.4%
● Dyslipidaemia: 29.6%
● Hypertension: 34.2%

52 56

Placebo 1244 45 (12) 273 (21.9) 106.2 (21.7) 38.3 (6.3) ● Pre-diabetes: 60.9%
● Dyslipidaemia: 28.9%
● Hypertension: 35.9%

Orlistat

Bakris 200258 

Double-blind 

(phase unclear) 

US

● Age ≥40 years
● BMI 28–43 kg/m2

● Taking ≥1 antihyper

tensive medication
● Sitting DBP 

96–109 mmHg on 

two consecutive visits
● Individuals with easily 

controlled and stable 

diabetes were allowed 

to participate

Orlistat 120 
mg three times 

daily

278 53.2 (0.5) 98 (35.3) 101.2 (1) 35.8 (3.9) Hypertension: 100% 
T2DM: 8%

52 52

Placebo 276 52.5 (0.5) 109 (39.5) 101.5 (1) 35.4 (4)
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Berne 200523 

Double-blind 

(phase unclear) 
Sweden

● Age 30–75 years
● BMI 28–40 kg/m2

● HbA1c 6.5–10%

Orlistat 120 

mg three times 

daily

111 58.9 (9.1) NR (55) 95.3 (12.6) 32.6 (3.1) T2DM: 100% 54 54

Placebo 109 59.3 (8.5) NR (54) 95.7 (12.5) 32.9 (3)

Broom 200259 

Double-blind 

(phase unclear) 
UK

● Age 18–80 years
● BMI ≥28 kg/m2 at 

screening and baseline 

visits
● ≥1 obesity-associated 

CV risk factor

Orlistat 120 

mg three times 

daily

265 46.7 (11.4) 57 (22.0) 100.9 (20.5) 37.1 (604) Dyslipidemia: 43% 

Hypertension: 5.6% 

Obesity-associated CV 
risk factor: 100%

52 54

Placebo 266 45.3 (11.5) 56 (21.3) 101.8 (19.8) 37.0 (6.2) Dyslipidemia: 45.1% 
Hypertension: 4.2% 

Obesity-associated CV 

risk factor: 100%

Davidson 199960 

Double-blind 
(phase unclear) 

US

● Age ≥18 years
● BMI 30–43 kg/m2

● Absence of weight loss 
(>4 kg) in previous 3 

months

Orlistat 120 

mg three times 
daily

668 43.3 (0.6) 113 (17.2) 100.7 (0.6) 36.2 (0.1) ● Pre-diabetes: 6.1%
● T2DM: 4%
● Dyslipidaemia: 32.1%
● Hypertension: 5.5%
● Hypertriglyceridemia: 

10.5%

52 56

Placebo 224 44 (0.7) 26 (11.7) 100.6 (0.9) 36.5 (0.1) ● Pre-diabetes: 5.8%
● T2DM: 4.5%
● Dyslipidaemia: 35.9%
● Hypertension: 7.2%
● Hypertriglyceridemia: 

5.4%

(Continued)

D
iabetes, M

etabolic Syndrom
e and O

besity: Targets and T
herapy 2022:15                                               

https://doi.org/10.2147/D
M

SO
.S392952                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                       

3969

D
o

v
e

p
r
e

s
s
                                                                                                                                                            

Sm
ith et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 2 (Continued). 

Study Details Baseline Characteristics Total 
Treatment 
Duration 
(Weeks)

Total 
Follow- 
Up 
Duration 
(Weeks)

Study Name, 
Design, 
Country

Population (Key 
Inclusion Criteria)

Intervention N 
(Rand.)

Mean (SD) 
Age, Years

Males, n 
(%)

Mean (SD) 
Weight, Kg

Mean BMI 
(SD), Kg/ 
m2

Comorbidities (eg 
T2DM, %)

Derosa 200361 

Double-blind 
(phase unclear) 

Italy

● BMI >30 kg/m2

● Age >40 years
● Severe hypercholester

olemia (TC >240 mg/ 

dL)
● Normotensive (SBP 

<140 mmHg and DBP 

<90 mmHg)

Orlistat 120 

mg three times 
daily

27 51.6 (8.3) 13 (48.1) 94.2 (9.8) 32 (1.3) ● Hypercholesterolemia: 

100%
52 52

Fluvastatin 80 
mg/d

24 50.6 (9.4) 11 (45.8) 95.4 (10) 32.1 (1.2)

Orlistat 120 

mg three times 

daily plus 
fluvastatin 80 

mg daily

25 53.1 (10) 13 (52) 96.1 (9.7) 32.5 (1.4)

Placebo 23 52.4 (10.2) 11 (47.8) 95.3 (10.2) 31.7 (1)

Derosa 201025 

Double-blind 

(phase unclear) 

Italy

● Age ≥18 years
● BMI ≥30 kg/m2

● Uncontrolled T2DM in 

therapy with different 

OAD ages or insulin

Orlistat 120 
mg three times 

daily

126 53 (6) 62 (53.9) 94.5 (9.6) 33.1 (2.9) ● T2DM: 100%
● Dyslipidaemia: 21.3%
● Hypertension: 86.1%
● Hypercholesterolemia: 

39.8%
● Hypertriglyceridemia: 

4.6%

9 months 9 months

Placebo 128 52 (5) 66 (54.1) 91.7 (8.7) 32.5 (2.3) ● T2DM: 100%
● Dyslipidaemia: 18.9%
● Hypertension: 80.2%
● Hypercholesterolemia: 

41.4%
● Hypertriglyceridemia: 

2.7%

https://doi.org/10.2147/D
M

SO
.S392952                                                                                                                                                                                                                               

D
o

v
e

P
r
e

s
s
                                                                                             

D
iabetes, M

etabolic Syndrom
e and O

besity: Targets and Therapy 2022:15 
3970

Sm
ith et al                                                                                                                                                            

D
o

v
e

p
r
e

s
s

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Finer 200062 ● Age ≥18 years
● BMI 30–43 kg/m2

Orlistat 120 
mg three times 

daily

114 41.5 (10.5) 12 (10.9) 97.9 (12.9) 36.8 (3.6) None 52 52

Placebo 114 41.4 (10) 13 (12) 98.4 (15) 36.8 (3.7)

Hanefeld 200226 

Double-blind 

(phase unclear) 

Germany

● Age 18–70 years
● BMI ≥28 kg/m2

● HbA1c of 6.5–11% 

T2DM treated with 

sulphonylureas for ≥2 
months before 

screening or diagnosed 

with T2DM but not 
yet treated with anti

diabetic medication

Orlistat 120 
mg three times 

daily

195 56.6 (8.6) 91 (48) 99.4 (17.5) 34.5 (5.6) ● T2DM: 100% 48 52

Placebo 188 55.8 (8.9) 90 (50) 98.4 (18.5) 33.7 (5.2)

Hauptman 

200063 

Double-blind 
(phase unclear) 

US

● Age >18 years
● BMI of 30–44 kg/m2

Orlistat 120 

mg three times 

daily

210 43.2 (NR) 44 (21.0) 100.5 (NR) 36 (NR) None 52 56

Orlistat 60 mg 

three times 
daily

213 42.6 (NR) 47 (22.1) 100.4 (NR) 35.8 (NR)

Placebo 212 41.6 (NR) 47 (22.2) 101.8 (NR) 36.1

Hollander 

199827 

Double-blind 

(phase unclear) 

US

● Age >18 years
● BMI 28–40 kg/m2 were 

on an oral hypoglycae
mic drug therapy for 

≥6 months before the 

study
● Stable plasma glucose 

level on a second-gen

eration sulfonylurea 
agent (glyburide or 

glypizide) as the only 

hypoglycaemic agent at 
trial entry

Orlistat 120 

mg three times 
daily

163 55.4 (8.8) 79 (48.8) 99.6 (14.5) 34.5 (3.2) ● T2DM: 100% 52 52

Placebo 159 54.7 (9.7) 85 (53.5) 99.7 (15.4) 34 (3.4)
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Table 2 (Continued). 

Study Details Baseline Characteristics Total 
Treatment 
Duration 
(Weeks)

Total 
Follow- 
Up 
Duration 
(Weeks)

Study Name, 
Design, 
Country

Population (Key 
Inclusion Criteria)

Intervention N 
(Rand.)

Mean (SD) 
Age, Years

Males, n 
(%)

Mean (SD) 
Weight, Kg

Mean BMI 
(SD), Kg/ 
m2

Comorbidities (eg 
T2DM, %)

Karhunen 

200044 

Double-blind 
(phase unclear) 

Finland

● Age ≥18 years
● BMI 30.0–43.0 kg/m2

Orlistat 120 

mg three times 

daily

36 42.9 (6.4) NR 98.1 (12.2) 35.7 (3.4) None 52 52

Placebo 36 44.4 (6.4) NR 97.3 (14.8) 36.1 (4.4)

Krempf 200364 

Double-blind 

(phase unclear) 
France

● Age 18–65 years
● BMI ≥28 kg/m2

Orlistat 120 

mg three times 

daily

346 40 (NR) 44 (12.7) 97 (NR) 36 (0.3) None 52 52

Placebo 350 42 (NR) 51 (14.6) 97.5 (NR) 36.2 (0.3)

Lindgarde 

200032 

The Swedish 
Multimorbidity 

Study 

Double-blind 
(phase unclear) 

Sweden

● Age 18–75 years
● BMI 28–38 kg/m2

● One of the following 
obesity-associated 

CHD risk factors: 

fasting serum glucose 
≥6.7 mmol/l or con

firmed T2DM treated 

with sulphonylurea or 
metformin but not 

insulin; total serum 

cholesterol 
≥6.5 mmol/l and/or 

LDL cholesterol 

≥4.2 mmol/l on at least 
two occasions or pre

scribed lipid-lowering 

medication; DBP 
≥90 mmHg on at least 

two occasions or con

firmed hypertension 
treated with antihy

pertensive medication

Orlistat 120 

mg three times 

daily

190 53.7 (9.4) 66 (34.7) 96.1 (13.7) 33.2 (3) ● T2DM: 28%
● Hypertension: 82%
● Hypercholesterolemia: 

39%

52 54

Placebo 186 53.2 (9.9) 71 (38.2) 95.9 (13.5) 33.2 (3.1) ● T2DM: 24%
● Hypertension: 74%
● Hypercholesterolemia: 

40%
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Lucas 200342 

Double-blind 

(phase unclear) 
US

● Age >18 years
● BMI 30–43 kg/m2

● Hypercholesterolemia
● Absence of weight loss 

in previous 3 months

Orlistat 120 

mg three times 

daily

256 48 (10) NR (22.3) 98.6 (15.3) 35.7 (3.7) ● Hypercholesterolemia: 
100%

52 52

Placebo 188 48 (10) NR (16.0) 99.2 (13.6) 36.2 (3.8)

Mathus-Vliegen 
200643 

Double-blind 

(phase unclear) 
Netherlands

● Age ≥18 years
● BMI 28–43 kg/m2

Orlistat 120 
mg three times 

daily

14 42 (11.7) 3 (10.7) 102.6 (12.3) 35.7 (3.8) None 52 52

Placebo 14 45.5 (8.71) 109.3 (16.4) 37.6 (3.9)

Miles 200228 

Double-blind 

(phase unclear) 
US and Canada

● Age 40–65 years
● BMI of 28–43 kg/m2

● Stable weight for ≥3 

months
● T2DM
● HbA1c between 7.5– 

12.0%
● Metformin treatment 

at 1000–2550 mg/day 

for at least 6 weeks

Orlistat 120 

mg three times 

daily

255 52.5 (0.4) NR (52) 102.1 (NR) 35.6 (NR) ● T2DM: 100% 52 52

Placebo 261 53.7 (0.4) NR (52) 101.1 (NR) 35.2 (NR)

Poston 200340 

Open-label 
(phase unclear) 

US

● Female
● Mexican origin
● Age 21–65 years
● BMI ≥27 kg/m2

Orlistat 120 

mg three times 
daily and 

lifestyle 

modification

56 42.4 (9.2) 0 96.4 (17.3) 37.8 (6.2) ● T2DM: 12.7%
● Hypertension: 12.5%

52 52

Wait-list 

control

52 43.7 (9.2) 92.2 (15.4) 36 (5.2) ● T2DM: 9.6%
● Hypertension: 15.4%
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Table 2 (Continued). 

Study Details Baseline Characteristics Total 
Treatment 
Duration 
(Weeks)

Total 
Follow- 
Up 
Duration 
(Weeks)

Study Name, 
Design, 
Country

Population (Key 
Inclusion Criteria)

Intervention N 
(Rand.)

Mean (SD) 
Age, Years

Males, n 
(%)

Mean (SD) 
Weight, Kg

Mean BMI 
(SD), Kg/ 
m2

Comorbidities (eg 
T2DM, %)

Poston 200641 

NR (phase 

unclear) 

US

● Age 25–55 years
● BMI ≥27 and <40 kg/ 

m2

● SBP <140 mmHg
● DBP <90 mmHg
● Fasting blood glucose 

level <126 mg dL

Orlistat 120 
mg three times 

daily

83 41.6 (8.1) NR (6) 97.9 (11.5) 36.2 (2.9) None 52 52

Brief 

counselling

85 40.8 (8.3) NR (5.9) 95.1 (11.5) 36 (3.2)

Orlistat 120 

mg three times 

daily/brief 
counselling

82 40.5 (9.2) NR (11) 94.8 (12.1) 36 (3.3)

Rossner 200065 

Phase 3, double- 

blind 

Europe

● Age ≥18 years
● BMI 28–43 kg/m2

Orlistat 120 
mg three times 

daily

244 43.6 (11.4) 40 (16.5) 96.7 (13.8) 34.7 (3.7) None 104 104

Orlistat 60 mg 

three times 

daily

243 44.7 (10.7) 56 (23.4) 99.1 (14.3) 35.2 (3.9)

Placebo 243 44.3 (10.8) 31 (13.1) 97.7 (14.6) 35.3 (4.1)

Sjostrom 199866 

Double-blind 

(phase unclear) 
Europe

● Age ≥18 years
● BMI 28–47 kg/m2

Orlistat 120 

mg three times 

daily

345 45.2 (NR) 59 (17.2) 99.1 (NR) 36 (NR) None 52 56

Placebo 343 44.3 (NR) 57 (16.8) 99.8 (NR) 36.1 (NR)
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Swinburn 200567 

Double-blind 
(phase unclear) 

Australia and 

New Zealand

● Age 40–70 years
● BMI 30–50 kg/m2

● ≥1 of the following: 
hypercholesterolemia; 

hypertension; T2DM 

treated with dietary 
modification or any 

oral hypoglycaemic 

agent for ≥6 months 
and clinically stable 

(glycated haemoglobin: 

6.5–10%)

Orlistat 120 

mg three times 
daily

170 52 (7.5) 66 (38.8) 103.3 (17.8) 37.6 (5.1) ● T2DM: 8.2%
● Hypertension: 15.3%
● Hypercholesterolemia: 

30%

52 52

Placebo 169 52.5 (7.4) 80 (47.3) 106.9 (17.8) 38 (4.9) ● T2DM: 8.3%
● Hypertension: 15.3%
● Hypercholesterolemia: 

30%

Torgerson 

200468 

XENDOS 

Double-blind 

(phase unclear) 
Sweden

● Age 30-60 years
● BMI ≥30 kg/m2

● Normal or IGT

Orlistat 120 

mg three times 
daily

1650 43.7 (8) 735 (44.8) 110.4 (16.3) 37.3 (4.2) ● Pre-diabetes: 21.3% 52 52

Placebo 1655 43.7 (8) 732 (44.7) 110.6 (16.5) 37.4 (4.5) ● Pre-diabetes: 21%

Naltrexone/bupropion

Wadden 201137 

COR-BMOD 

Double-blind 

(phase unclear) 
US

● Age 18–65 years
● BMI 30–45 kg/m2 or 

BMI 27–45 kg/m2

● Controlled hyperten

sion and/or 
dyslipidaemia

Naltrexone 32 
mg/day and 

bupropion 360 

mg/day

591 45.9 (10.4) NR (10.7) 100.2 (15.4) 36.3 (4.2) None 52 56

Placebo 202 45.6 (11.4) NR (8.4) 101.9 (15) 37 (4.2)

Hollander 
201324 

COR-diabetes 

(NCD00474630) 
Phase 3, double- 

blind 

US

● Age 18–70 years
● BMI 27–45 kg/m2

● T2DM (either not tak

ing a diabetes medica

tion or on stable doses 
of OADs for ≥3 

months prior to 

randomization)
● SBP <145 mHg
● DBP <95 mmHg

Naltrexone 32 
mg/day and 

bupropion 360 

mg/day

335 53.9 (9.2) NR (45.7) 106.3 (19.1) 36.7 (4.8) ● T2DM: 100%
● Dyslipidaemia 82.6%

52 56

Placebo 170 53.8 (9.7) NR (47.2) 105 (17.1) 36.3 (4.3) ● T2DM: 100%
● Dyslipidaemia: 85.5%
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Table 2 (Continued). 

Study Details Baseline Characteristics Total 
Treatment 
Duration 
(Weeks)

Total 
Follow- 
Up 
Duration 
(Weeks)

Study Name, 
Design, 
Country

Population (Key 
Inclusion Criteria)

Intervention N 
(Rand.)

Mean (SD) 
Age, Years

Males, n 
(%)

Mean (SD) 
Weight, Kg

Mean BMI 
(SD), Kg/ 
m2

Comorbidities (eg 
T2DM, %)

Greenway 
201069 

COR-I 

(NCT00532779) 
Phase 3, double- 

blind 

US

● Age 18–65 years
● BMI 30–45 kg/m2 and 

uncomplicated obesity 

or BMI 27–45 kg/m2 

and controlled hyper
tension or dyslipidae

mia, or both

Naltrexone 32 
mg/day and 

bupropion 360 

mg/day

471 44.4 (11.1) NR (15) 99.7 (15.9) 6.1 (4.4) ● Dyslipidaemia: 50%
● Hypertension: 20%

52 56

Naltrexone 16 

mg/day and 
bupropion 360 

mg/day

578 44.4 (11.3) NR (15) 99.5 (14.8) 36.2 (4.3) ● Dyslipidaemia: 49%
● Hypertension: 22%

Placebo 581 43.7 (11.1) NR (15) 99.5 (14.3) 36.2 (4) ● Dyslipidaemia: 50%
● Hypertension: 19%

Apovian 201370 

COR-II 

Phase 3, double- 

blind 
US

● Age 18–65 years
● BMI 30–45 kg/m2 or 

BMI 27–45 kg/m2 and 

controlled hyperten
sion and/or 

dyslipidaemia

Naltrexone 32 
mg/day and 

bupropion 360 

mg/day

1001 44.3 (11.2) NR (15.4) 100.3 (16.6) 36.2 (4.5) ● Dyslipidaemia: 55.9%
● Hypertension: 21.2%

52 56

Placebo 495 44.4 (11.4) NR (15.2) 99.2 (15.9) 36.1 (4.3) ● Dyslipidaemia: 53.1%
● Hypertension: 21.4%
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Nissen 201633 

The Light study 

(NCT01601704) 

Phase 3, double- 
blind 

US

● Age ≥50 years 

(women) or ≥45 years 
(men)

● BMI 27–50 kg/m2

● Waist circumference 
≥88 cm (women) or 

≥102 cm (men)
● Increased risk of 

adverse CV outcomes 

(including existing 

CVD)
● T2DM permitted if 

patients also had ≥2 

of the following: 
hypertension, dyslipi

daemia requiring phar

macotherapy, low 
HDL (<50 mg/dL 

[1.30 mmol/L] in 

women or <40 mg/dL 
[1.04 mmol/L] in men), 

or current tobacco 

smoking

Naltrexone 32 
mg/day and 

bupropion 360 

mg/day

4456 61.1 (7.27) NR (45.3) 105.6 (19.1) Median 
(IQR): 36.6 

(33.1–40.8)

● T2DM: 84.9%
● Dyslipidaemia: 92%
● Hypertension: 93.4%

NR NR

Placebo 4454 60.9 (7.38) NR (45.6) 106.3 (19.2) Median 

(IQR): 36.7 
(33.1–41.1)

● T2DM: 85.5%
● Dyslipidaemia: 91.5%
● Hypertension: 92.5%

Phentermine/topiramate

Gadde 201134 

CONQUER 

(NCT00553787) 
Phase 3, double- 

blind 

US

● Age 18–70 years
● BMI 27–45 kg/m2 (no 

lower limit for 

patients with T2DM)
● ≥2 comorbidities 

(hypertension, dyslipi

daemia, T2DM [mana
ged with lifestyle 

changes or metformin] 

or prediabetes, or 
abdominal obesity)

● Waist circumference 

≥102 cm (men) or 
≥88 cm (women)

Phentermine 

15 mg/day and 

topiramate 92 
mg/day

995 51.0 (10.65) NR (30) 103 (17.6) 36.6 (4.5) ● T2DM or IGT: 67%
● Hypertension: 52%
● Hypertriglyceridemia: 

36%

52 56

Phentermine 
7.5 mg/day and 

topiramate 46 

mg/day

498 51.1 (10.43) NR (30) 102.6 (18.2) 36.2 (4.4) ● T2DM or IGT: 69%
● Hypertension: 52%
● Hypertriglyceridemia: 

36%

Placebo 994 51.2 (10.25) NR (30) 103.3 (18.1) 36.7 (4.6) ● T2DM or IGT: 68%
● Hypertension: 53%
● Hypertriglyceridemia: 

36%

(Continued)
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Table 2 (Continued). 

Study Details Baseline Characteristics Total 
Treatment 
Duration 
(Weeks)

Total 
Follow- 
Up 
Duration 
(Weeks)

Study Name, 
Design, 
Country

Population (Key 
Inclusion Criteria)

Intervention N 
(Rand.)

Mean (SD) 
Age, Years

Males, n 
(%)

Mean (SD) 
Weight, Kg

Mean BMI 
(SD), Kg/ 
m2

Comorbidities (eg 
T2DM, %)

Allison 201271 

EQUIP 

Double-blind 
(phase unclear) 

US

● Age 18–70 years
● BMI ≥35 kg/m2

● Triglycerides ≤200 mg/ 

dL with max. 1 lipid- 
lowering medication

● BP ≤140/90 mm Hg 

with treatment of 0–2 
antihypertensive 

medications
● FSG ≤110 mg/dL

Phentermine 

15 mg/day and 

topiramate 92 
mg/day

512 41.9 (12.21) 88 (17.2) 115.2 (20.66) 41.9 (6.04) ● No weight-related 
comorbidity

52 56

Phentermine 
3.75 mg/day 

and topiramate 

23 mg/day

241 43 (10.96) 40 (16.6) 118.5 (21.85) 42.6 (6.5)

Placebo 514 43 (11.76) 89 (17.3) 115.8 (21.46) 42 (6.15)

Garvey 201429 

OB-202/DM-230 

(NCT00600067) 
Phase 2, double- 

blind 

US

● Age 18–70 years
● T2DM controlled by 

diet or OAD 

medications
● BMI 27–45 kg/m2

● HbA1c 7.0–12.0% (53– 

108 mmol/mol)

Phentermine 

15 mg/day 

/topiramate 92 
mg/day

75 49.7 (7.5) NR (23) 94.9 (17.9) 35.5 (4.7) ● T2DM: 100
● Dyslipidaemia: 52
● Hypertension: 47

52 56

Placebo 55 49.5 (8.6) NR (42) 98.1 (17) 35.3 (5) ● T2DM: 100
● Dyslipidaemia: 55
● Hypertension: 42

Semaglutide

Wilding 202112 

STEP 1 
(NCT03548935) 

Phase 3, double- 

blind 
International

● Age ≥18 years
● BMI ≥30.0 kg/m2 or 

≥27.0 kg/m2

● ≥1 of the following 

weight-related comor

bidities (treated or 
untreated): hyperten

sion, dyslipidaemia, 

obstructive sleep 
apnoea or CVD

● History of ≥1 self- 

reported unsuccessful 
dietary effort to lose 

body weight

Semaglutide 

2.4 mg once 
weekly

1306 46 (13) 351 (26.9) 105.4 (22.1) 37.8 (6.7) ● Dyslipidaemia: 38.2%
● Hypertension: 36.1%

52 68

Placebo 655 47 (12) 157 (24) 105.2 (21.5) 38 (6.5) ● Dyslipidaemia: 34.5%
● Hypertension: 35.7%
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Davies 202115 

STEP 2 
(NCT03552757) 

Phase 3, double- 

blind 
International

● Age ≥18 years
● BMI ≥27.0 kg/m2

● Diagnosed with T2DM 
≥180 days prior to 

screening and treated 

with either diet and 
exercise alone or 

stable treatment with 

metformin, SU, 
SGLT2i, glitazone as 

single agent therapy 

OR stable treatment 
with ≤3 OADs (met

formin, SU, SGLT2i or 

glitazone)
● HbA1c 7–10% (53– 

86 mmol/mol)

Semaglutide 

2.4 mg once 
weekly

404 NR 181 (44.8) 99.9 (22.5) 35.9 (6.4) ● T2DM: 100% 52 68

Semaglutide 
1.0 mg once 

weekly

403 NR 200 (49.6) 99 (21.1) 35.3 (5.9)

Placebo 403 NR 213 (52.9) 100.5 (20.9) 35.9 (6.5)

Wadden 202136 

STEP 3 

(NCT03611582) 
Phase 3, double- 

blind 

US

● Age ≥18 years
● BMI ≥30.0 kg/m2 or 

≥27.0 kg/m2 with ≥1 

weight-related comor
bidities (treated or 

untreated): hyperten

sion, dyslipidaemia, 
obstructive sleep 

apnoea or CVD
● History of at least one 

self-reported unsuc

cessful dietary effort 

to lose body weight

Semaglutide 

2.4 mg once 

weekly

407 46 (13) 92 (22.6) 106.9 (22.8) 38.1 (6.7) ● Dyslipidaemia: 35.6%
● Hypertension: 35.6%

52 68

Placebo 204 46 (13) 24 (11.8) 103.7 (22.9) 37.8 (6.9) ● Dyslipidaemia: 32.8%
● Hypertension: 32.8%

Abbreviations: BMI, body mass index; CHD, coronary heart disease; CV, cardiovascular; CVD, cardiovascular disease; DBP, diastolic blood pressure; FPG, fasting plasma glucose; IBT, intensive behavioral therapy; IGT, impaired glucose 
tolerance; LDL, low density lipoprotein; NGT, normal glucose tolerance; NR, not reported; OAD, oral antidiabetic drug; SBP, systolic blood pressure; SD, standard deviation; SGLTi, sodium glucose cotransporter inhibitor; SU, 
sulphonylurea; T2DM, type 2 diabetes mellitus.

D
iabetes, M

etabolic Syndrom
e and O

besity: Targets and T
herapy 2022:15                                               

https://doi.org/10.2147/D
M

SO
.S392952                                                                                                                                                                                                                       

D
o

v
e

P
r
e

s
s
                                                                                                                       

3979

D
o

v
e

p
r
e

s
s
                                                                                                                                                            

Sm
ith et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Network Meta-Analysis
Percent Weight CFB to 52 Weeks
In all populations studied, semaglutide 2.4 mg was associated with a greater percentage weight CFB with 52 weeks of 
treatment versus all available comparators, except for phentermine 15 mg/topiramate 92 mg in the T2DM population.

In the total population, the differences with semaglutide 2.4 mg versus comparators ranged from –0.40% (CrI –4.22, 
3.46) for phentermine 15 mg/topiramate 92 mg to –9.36% (CrI –12.06, –6.62) for placebo/control. In the T2DM 
population, the differences with semaglutide 2.4 mg versus comparators ranged from 0.67% (CrI –6.65, 7.86) for 
phentermine 15 mg/topiramate 92 mg to –6.22% (CrI –11.29, –1.19) for placebo. In the non-T2DM population, the 
differences with semaglutide 2.4 mg versus comparators ranged from –3.35% (CrI –5.85, –0.80) with phentermine 15 
mg/topiramate 92 mg to –12.43% (CrI –14.51, –10.38) with placebo/control. In the pre-diabetes population, the 
differences with semaglutide 2.4 mg versus comparators ranged from –3.06% (CrI –4.55, –1.59) with phentermine 15 
mg/topiramate 92 mg to –11.26% (–12.52, –10.01) with placebo/control. In the NGT population, data were available for 
comparison of semaglutide 2.4 mg with placebo/control (difference –13.42% [CrI –14.56, –12.28]) and liraglutide 3.0 mg 
(–8.13% [CrI –9.47, –6.80]). Full results of the NMAs are shown in Table 4.

Proportion of Participants Losing ≥5% Fasting Body Weight at 12 Weeks of Full Therapeutic Dose
In all populations, semaglutide 2.4 mg was associated with a higher likelihood of participants losing ≥5% of baseline 
fasting body weight at 12 weeks versus all available comparators (liraglutide 3.0 mg and orlistat 120 mg). The ORs for 
semaglutide versus placebo ranged from 8.86 (95% CI 6.24, 12.00 [T2DM]) to 14.81 (95% CI 11.02, 20.17 [NGT]). 
When considered against active comparators, semaglutide also increased the likelihood of participants losing ≥5% fasting 
body weight, with ORs ranging from 1.29 (95% CI 0.70, 2.13 [T2DM]) to 2.17 (95% CI 1.44, 3.27 [NGT]) with 
liraglutide 3.0 mg and from 6.09 (95% CI 2.86, 11.95 [total population]) to 7.75 (95% CI 5.29, 11.37 [non-T2DM]) with 
orlistat 120 mg three times daily (TID). Full results of the NMA for this outcome are presented in Table 5.

Discussion
Obesity is a substantial clinical and economic burden1 that has grown rapidly in recent decades45 and is expected to 
continue to increase globally in the coming years.46 Despite overweight and obesity affecting >2 billion people 
worldwide,1 uptake of pharmacological treatments for the management of these conditions is generally low.8 Low uptake 
has been attributed to several factors, including only modest additional weight loss with the available therapies, safety 
concerns, lack of health-care professional experience with such therapies, and expectations that overweight/obesity 
should be managed with behavioral measures.8,47 There is therefore an unmet need for an effective and safe pharma
cological therapy for the management of overweight and obesity.

Randomized controlled trials of semaglutide in conjunction with lifestyle modifications have shown that semaglutide 
2.4 mg represents an effective and safe weight loss reduction therapy in people with overweight and obesity with and 

Table 3 Comparators for Which Data are Available Across the Populations of Interest

Outcome Total NGT Non-T2DM Pre-Diabetic T2DM

Percent weight CFB to 52 
weeks

Liraglutide 
Orlistat 

Phentermine/ 

topiramate 
Naltrexone/bupropion

Liraglutide Liraglutide 
Orlistat 

Phentermine/ 

topiramate 
Naltrexone/bupropion

Liraglutide 
Phentermine/ 

topiramate

Liraglutide 
Orlistat 

Phentermine/ 

topiramate 
Naltrexone/bupropion

Proportion of participants 
losing ≥5% baseline fasting 

body weight at 12 weeks (full 

therapeutic dose)

Liraglutide 
Orlistat

Liraglutide Liraglutide 
Orlistat

Liraglutide Liraglutide

Abbreviations: CFB, change from baseline; NGT, normal glucose tolerance; T2DM, type 2 diabetes mellitus.
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Table 4 NMA Results: Estimates of Difference in Percent Weight CFB (Semaglutide versus Comparators, Excluding Trials That Included IBT)

Population 
(model)

Comparator

Placebo/Control Liraglutide 3.0 
Mg

Naltrexone 16 
Mg/ Bupropion

Naltrexone 32 
Mg/ Bupropion

Orlistat 120 Mg 
TID

Orlistat 60 Mg 
TID

Phentermine 
15 Mg/ 

Topiramate 
92 Mg

Phentermine 
3.75 Mg/ 

Topiramate 23 
Mg

Phentermine 
7.5 Mg/ 

Topiramate 
46 Mg

Total (RE) −9.36  
(−12.06, −6.62)

−4.48  
(−8.04, −0.87)

−6.01  
(−10.43, −1.58)

−5.25  
(−8.65, −1.89)

−7.39  
(−10.42, −4.36)

−7.94  
(−12.32, −3.52)

−0.40  
(−4.22, 3.46)

−6.03  
(−11.36, −0.68)

−2.58  
(−7.07, 1.93)

T2DM (RE) −6.22  
(−11.29, −1.19)

−2.33  
(−9.45, 4.69)

NA −3.29  
(−9.44, 2.92)

−4.87  
(−10.70, 0.60)

NA 0.67  
(−6.65, 7.86)

NA −1.32  
(−8.82, 5.97)

Non-T2DM 
(RE)

−12.43  
(−14.51, −10.38)

−7.02  
(−9.61, −4.41)

−8.64  
(−11.45, −5.85)

−7.45  
(−9.97, −4.94)

−9.80  
(−12.37, −7.59)

−10.70  
(−13.64, −7.92)

−3.35  
(−5.85, −0.80)

−8.99  
(−12.81, −5.08)

−5.43  
(−8.21, −2.61)

Pre-diabetes 
(FE)

−11.26  
(−12.52, −10.01)

−5.83  
(−7.20, −4.49)

NA NA NA NA −3.06  
(−4.55, −1.59)

NA −5.26  
(−6.83, −3.72)

NGT (FE) −13.42  
(−14.56, −12.28)

−8.13  
(−9.47, −6.80)

NA NA NA NA NA NA NA

Notes: Results that exclude the null value of 0 indicated in bold. Note that results for the comparators were based on the last observation carried forward approaches to missing data. 
Abbreviations: CFB, change from baseline; CrI, credible interval; FE, FE, fixed-effect; IBT, intensive behavioral therapy; NA, not available; NGT, normal glucose tolerance; NMA, network meta-analysis; RE, random-effect; T2DM, type 2 
diabetes mellitus; TID, three times daily.
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without T2DM.12,15 Because the trials compared semaglutide with placebo, no head-to-head data were available to 
compare semaglutide with active treatments used in the management of overweight and obesity. The current SLR and 
meta-analysis was performed to identify and compare RCT evidence for weekly semaglutide 2.4 mg with that of relevant 
pharmacological comparators for weight management in overweight or obesity.

The SLR identified 20 RCTs that were ultimately included in the NMA. In the NMA, semaglutide 2.4 mg was 
associated with a greater percent weight CFB with 52 weeks of treatment versus all available comparators in all 
populations, except phentermine 15 mg/topiramate 92 mg in the T2DM population. A single study, CONQUER,34 

contributed subgroup data to this comparison. It is noteworthy that in the phentermine 15 mg/topiramate 92 mg arm of 
CONQUER, 192 of 995 participants in the total population discontinued due to adverse events (it was unclear how many 
of the 664 participants with T2DM in this arm discontinued), which was notably higher than the placebo and phentermine 
7.5 mg/topiramate 46 mg treatment arms (89 of 994 and 58 of 498 discontinuations due to adverse events, respectively). 
The results of this trial confirm the safety concerns associated with phentermine/topiramate. Further, the analyses in this 
trial were conducted on the ITT sample and applied the last observation carried forward (LOCF) principle which may 
have biased the trial level results in favor of phentermine 15 mg/topiramate 92 mg. Whilst LOCF was the most 
commonly used method to address missing data across the trials included in the NMA, LOCF-based statistical 
approaches are no longer recommended due to concerns regarding the plausibility of the assumptions (ie, body weight 
would be unaffected by discontinuations for trial participants lost to follow-up) and the potential for bias.48 In contrast, 
the STEP trials used treatment policy estimands in the primary analyses, which assess all participants who were 
randomly assigned to treatment regardless of adherence to treatment and regardless of initiation of other therapies; 
missing data were imputed using a multiple imputation approach. Thus, the use of treatment policy estimands and the 
difference in approach to addressing missing data in the STEP trials versus the comparator trials in the NMA will have 
likely biased the treatment effect against semaglutide.

Semaglutide 2.4 mg was also associated with a higher chance of losing ≥5% baseline fasting body weight at 12 weeks 
(at full therapeutic dose) versus all available comparators. When considering the outcomes associated with semaglutide, 
it is important to note that semaglutide has a longer dose escalation period (at least 4 weeks) than other therapies (eg, at 
least one week for liraglutide); therefore, patients receiving semaglutide have a longer treatment exposure duration 
compared with those receiving other therapies.

While head-to-head comparison data are preferable where available, NMA is a robust statistical approach that 
facilitates indirect comparison of multiple treatment options when direct comparative data are not available. NMAs 
are widely used in healthcare decision-making, including in health technology assessment. Compared with head-to-head 
data from RCTs, in which there is expected to be minimal confounding between the treatment groups, NMA will 

Table 5 NMA Results: OR (95% CrI) for Proportion of Participants Losing ≥5% of 
Baseline Fasting Body Weight at 12 Weeks Full Therapeutic Dose (Semaglutide versus 
Comparators, Excluding Trials That Included IBT)

Population Comparator

Placebo/Control Liraglutide 3.0 Mg Orlistat 120 Mg TID

Total (RE) 11.68 (6.97, 18.44) 1.58 (0.81, 2.80) 6.09 (2.86, 11.95)

T2DM (FE) 8.62 (6.24, 12.00) 1.29 (0.70, 2.31) NA

Non-T2DM (FE) 14.36 (11.46, 18.15) 1.94 (1.47, 2.59) 7.75 (5.29, 11.37)

Pre-diabetes (FE) 14.23 (10.10, 20.44) 1.90 (1.26, 2.90) NA

NGT (FE) 14.81 (11.02, 20.17) 2.17 (1.44, 3.27) NA

Note: Results that exclude the null value of 1 indicated in bold. 
Abbreviations: CrI, credible interval; FE, fixed-effect; IBT, intensive behavioral therapy; NA, not applicable; NGT, 
normal glucose tolerance; NMA, network meta-analysis; OR, odds ratio; RE, random-effect; T2DM, type 2 diabetes 
mellitus; TID, three times daily.
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inevitably be based on data with a degree of heterogeneity between studies. Although the studies in the current evidence 
networks were sufficiently homogeneous to perform NMAs, some variability was observed between the trials in terms of 
study designs and patient populations. Differences in the proportion of participants with abnormal glucose tolerance or 
T2DM were addressed through the analysis of subpopulations according to glucose tolerance. However, other potential 
effect modifiers were observed, including one study that only included women40 and variation in the age categories 
included (eg, all participants aged ≥18 years or a narrower age range, such as 25–55 years). It is also important to 
recognize that publications cover a wide timescale, ranging from 1998 to present. The older studies (which primarily 
reported on orlistat) had significant amounts of missing outcome data, particularly for adverse events, which may have 
resulted in reporting bias. Underreporting of adverse events in orlistat trials was also described by Schroll et al who 
found considerable disparities in adverse event reporting between clinical study protocols, reports, and publications. It 
was estimated that only 3–33% of all investigator-reported adverse events were eventually presented in the relevant 
publications, even though most publications claimed that all adverse events were recorded.49

The outcomes reported here were part of a larger analysis that included additional outcomes, such as glucose control, 
cholesterol, blood pressure and serious adverse events (SAEs). The safety of semaglutide compared with other 
pharmacological therapies is an important consideration as many of the other therapies have an adverse event profile 
that contributes to their low uptake.47,50 Although phentermine/topiramate is licensed in the US, it received a negative 
opinion for the European Committee for Medicinal Products for Human Use (CHMP) due to concerns about the 
phentermine’s long-term impact on the heart and blood vessels, as well as the potential for psychiatric and cognitive 
effects.9 The CHMP also noted methodological concerns because the data showed a study dropout rate of approximately 
40% and a lost to follow-up rate of more than 10%.9 An NMA conducted for SAEs associated with semaglutide 2.4 mg 
and comparators showed that semaglutide 2.4 mg was associated with a higher proportion of SAEs than comparators in 
the populations studied. The exception to this was in the T2DM population where semaglutide 2.4 mg was associated 
with fewer SAEs than all available comparators, except naltrexone 32 mg/bupropion 360 mg. However, it is important to 
note that the credible intervals associated with the results were very wide, indicating a high degree of uncertainty. 
Furthermore, it has been reported elsewhere that the side effects of semaglutide 2.4 mg are mainly nausea, diarrhea, and 
cholelithiasis, which are typical for this drug class.50 Finally, as described earlier, there is evidence to suggest that 
adverse events associated with other weight loss drugs, particularly orlistat, are considerably underreported in the 
published literature.49

Since the current SLR and NMA were conducted, the results of several other studies of semaglutide have been 
published, as well as a SLR and NMA of pharmacotherapy for overweight and obesity. Published trials include STEP 8, 
which compared once-weekly subcutaneous semaglutide 2.4 mg with once-daily subcutaneous liraglutide 3.0 mg in 
conjunction with counselling for diet and physical activity for people with overweight or obesity.16 Semaglutide 
demonstrated a significantly greater weight CFB compared with liraglutide and participants receiving semaglutide 
were significantly more likely to achieve ≥10%, ≥15%, and ≥20% weight loss versus those receiving liraglutide at 
Week 68.16 In STEP 8, the weight CFB reported with semaglutide versus liraglutide was higher than that in the current 
NMA (–9.4% at Week 68 versus –4.5% at Week 52). Although reported at different timepoints, these data suggest that 
the NMA results validate (or even somewhat underestimate) the benefits of semaglutide in comparison with liraglutide 
that have been reported directly in the STEP 8 RCT.16 STEP 8 also showed that the rates of discontinuation due to AEs 
were lower with semaglutide (3.2%) than with liraglutide (12.6%), with the semaglutide discontinuation rate in line with 
that of the placebo group (3.5%).16 Additional data from recent reviews and/or meta-analyses show that semaglutide is 
effective in people with overweight or obesity with or without T2DM.51–53 These findings support those of the present 
analysis in demonstrating the benefits of semaglutide 2.4 mg versus liraglutide.

Shi et al published the findings of a SLR and NMA of RCTs and pharmacotherapy for adults with overweight and 
obesity.54 The analysis included data from trials that were inclusive of IBT (whereas they were excluded from the current 
NMAs) and had a mean follow-up of 24 weeks compared with 12 months in the current analysis. The main analyses by 
Shi et al included grouped treatment nodes for GLP-1 antagonists and sodium glucose cotransporter inhibitors and the 
results showed that phentermine/topiramate provided the most effective weight loss; however, it is important to consider 
this in light of the safety concerns associated with phentermine/topiramate that are reported earlier. The second most 
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effective therapies were GLP-1 receptor agonists, including semaglutide, which was the most effective drug in its class 
(and versus all other comparators) when sensitivity analyses were conducted. Furthermore, although semaglutide and 
several other therapies were associated with an increased risk of adverse events, semaglutide showed substantially larger 
weight loss benefits than other therapies with a similar risk of adverse events.54

Limitations of the current analysis include those that are inherent to indirect treatment comparison and NMA. The 
creation of evidence networks requires assumptions around study homogeneity with regard to multiple aspects, including 
study populations and outcome definitions. A heterogeneity assessment and subgroup analyses by glucose tolerance were 
performed in the current study; however, as noted previously, there was still heterogeneity between studies in factors such 
as participant age, sex, and BMI. Some of the older studies also had significant amounts of missing data, which limited 
the analyses that could be conducted and may have resulted in reporting bias. Nevertheless, in the populations for which 
data were available, semaglutide mainly showed clinical benefits versus the available comparators. Finally, as noted in 
the methods, trials of bariatric surgery were not included in the NMAs because these trials were highly selective in 
comparison with studies investigating pharmacological agents. Therefore, the current analysis was limited to pharmaco
logical agents; however, there is potential for future exploration of weight loss indications where a pharmacological agent 
is used prior to bariatric surgery or following bariatric surgery if weight loss is insufficient.

Conclusion
In summary, high-quality, RCT-based evidence has shown that semaglutide 2.4 mg is an effective weight management 
therapy in conjunction with lifestyle interventions for overweight and obesity in people with and without T2DM. In 
NMA, semaglutide 2.4 mg was compared against active comparators, including orlistat and liraglutide, and demonstrated 
effective weight loss in the total population and nearly all subpopulations of glucose tolerance; this differentiates the 
present NMA from others conducted previously, which have focused on specific populations of glucose tolerance (eg, 
only people with T2DM) and shows that semaglutide is effective across different levels of glucose tolerance. The present 
study also uses longer term data than that of previous studies and excludes IBT to enable more focused comparison 
between pharmacological therapies. Current pharmacological therapies for obesity have low uptake rates due to limited 
efficacy but semaglutide represents a new and effective treatment that may address this unmet need.

Abbreviations
BMI, body mass index; CFB, change from baseline; CHMP, European Committee for Medicinal Products for Human 
Use; DIC, deviance information criterion; FE, fixed effect; GLP-1, glucagon-like peptide 1; IBT, intensive behavioral 
therapy; ITT, intention-to-treat; LOCF, last observation carried forward; MCMC, Markov Chain Monte Carlo; NGT, 
normal glucose tolerance; NICE, National Institute for Health and Care Excellence; NMA, network meta-analyses; 
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses; RCT, randomized placebo-controlled 
trials; RE, random effect; SAE, serious adverse events; SLR, systematic literature review; STEP, Semaglutide Treatment 
Effect in People with obesity; T2DM, type 2 diabetes mellitus; TID, three times daily.
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