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Beyond weight loss: multisystem benefits of obesity 
medications
Mesut Savas, Susanne Kuckuck, Mariëtte R Boon*, Elisabeth F C van Rossum*

Obesity is increasingly managed with medications as disease-modifying therapies, reflecting its role as a gateway 
disease driving metabolic, cardiovascular, reproductive, neuropsychiatric, and mechanical conditions. This Review 
synthesises evidence from randomised controlled trials and high-quality meta-analyses on approved and late-stage 
investigational obesity medications, including phentermine–topiramate, naltrexone–bupropion, glucagon-like 
peptide-1 (GLP-1) receptor agonists (eg, liraglutide, semaglutide, subcutaneously and orally), and newer GLP-1 receptor 
agonist-based agents (eg, tirzepatide, survodutide, mazdutide, retatrutide, cagrilintide–semaglutide, and amycretin). 
We evaluated the effects of obesity medications across major obesity-related conditions, including type 2 diabetes, 
metabolic dysfunction-associated steatotic liver disease, chronic kidney disease, heart failure, cardiovascular disease, 
obstructive sleep apnoea syndrome, polycystic ovary syndrome (recently named polyendocrine metabolic ovarian 
syndrome), osteoarthritis, muscle mass, depression, quality of life, and food cravings, along with binge-eating 
disorders, substance use disorders, and neurodegenerative diseases. Overall, GLP-1-based and multiagonist therapies 
show beneficial effects across these comorbid conditions. While many benefits of obesity medications are mediated by 
weight loss, accumulating evidence indicates important weight loss-independent effects, particularly with GLP-1 
receptor agonist-based therapies. A broader understanding of these pleiotropic effects is essential to inform 
personalised obesity management and optimise long-term clinical outcomes.

Introduction
There has been a clear global increase in obesity 
prevalence in recent decades,1 accompanied by growing 
interest in pharmacological weight-management strate
gies. In the past 5 years alone, the number of clinical 
trials studying obesity medications has increased nearly 
five-fold and more than 150 potential drugs are currently 
in the development pipeline.2

Obesity is unique among chronic diseases as it serves 
as a gateway disease contributing to more than 200 
associated disorders. With the expanding range of 
therapeutic options and diverse mechanisms of action, it 
is now internationally recommended to tailor pharma
cotherapy to the presence of obesity-related conditions.3 
Obesity treatment is expected to shift gradually from a 
one-size-fits-all approach towards more personalised 
medicine, in which the obesity phenotype and presence 
of related conditions will determine the treatment 
strategy.

Within the past 15 years, multiple drugs with different 
administration forms, mechanisms of action, and 
weight-loss efficacy (table) have been approved by the US 
Food and Drug Administration (FDA) or European 
Medicines Agency (or both) for the treatment of obesity 
and obesity-related complications (figure 1). These 
approved medications include those that mimic the 
effects of the intestinal hormone glucagon-like peptide-1 
(GLP-1)—a pleiotropic hormone that has appetite-
suppressive, insulin sensitising, and anti-inflammatory 
properties—such as liraglutide and semaglutide. 
Furthermore, various dual or triple agonists have been 
developed or are under investigation that use GLP-1 as a 
backbone combined with analogues of, for example, 
glucose-dependent insulinotropic polypeptide (GIP), 
glucagon, or amylin (eg, tirzepatide, survodutide, 

mazdutide, retatrutide, cagrilintide–semaglutide, and 
amycretin). Other medications include phentermine–
topiramate that has appetite-suppressive effects, and 
naltrexone–bupropion, which has appetite-suppressive 
effects and targets the reward system.

In this Review, we provide a comprehensive, class-
spanning overview on the current state of knowledge 
regarding the effects of FDA-approved and late-stage 
investigational weight-reducing drugs on obesity-related 
conditions. While particular emphasis is placed on GLP-1 
receptor agonist-based therapies, given the breadth and 
strength of available evidence, other approved obesity 
medications are included to provide a balanced and 
globally relevant perspective across pharmacological 
classes.

Established obesity-related conditions
Glycaemic disorders: prediabetes and type 2 diabetes
Various obesity medications exert beneficial effects on 
glycaemic control, both in the context of prediabetes and 
type 2 diabetes, as outlined in figure 2. Next to delaying 
gastric emptying and promoting satiety, GLP-1 receptor 
agonists, such as liraglutide and semaglutide, enhance 
insulin secretion and suppress glucagon release, 
resulting in improved glucose regulation.9 These agents 
consistently improve HbA1c, fasting plasma glucose, and 
β-cell function in people with prediabetes or type 2 
diabetes,10–14 with semaglutide showing superior efficacy 
to liraglutide in a head-to-head trial.15 GLP-1 receptor 
agonists also prevent or delay type 2 diabetes 
development. In individuals with prediabetes, 3·0 mg of 
liraglutide prevented progression to type 2 diabetes 
within a 3-year period, resulting in a 2·7-fold delay in 
type 2 diabetes.16 Accordingly, in the SELECT trial,17 
2·4 mg of semaglutide reduced incident type 2 diabetes 
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risk after 3 years in individuals with obesity and previous 
cardiovascular diseases by 73%.

The GLP-1–GIP dual receptor agonist tirzepatide 
showed consistent improvements in insulin sensitivity, 
β-cell function, and glycaemic control in people with 
type 2 diabetes.18,19 In the SURPASS-1 study,20 tirzepatide 
dose-dependently decreased HbA1c by up to 2·1% with a 
15 mg dose compared with placebo. Moreover, up 
to 92% of people receiving tirzepatide reached 
an HbA1c target of less than 7% (<53 mmol/mol) 
versus 20% receiving placebo, while up to 86% reached a 
target of 6·5% or less (<48 mmol/mol) compared with 
10% receiving placebo. Furthermore, in people with 

obesity and prediabetes, tirzepatide improved fasting 
glucose and HbA1c levels and delayed type 2 diabetes 
onset, with a mean absolute type 2 diabetes risk score 
reduction of almost 15% with a 15 mg dose.21

A meta-analysis showed that the GLP-1–glucagon dual 
receptor agonist survodutide also reduced HbA1c in 
people with obesity with or without type 2 diabetes 
(weighted mean difference of −0·66%), particularly for 
weekly doses greater than 2·4 mg.22 The GLP-1-glucagon 
dual receptor agonist mazdutide improved HbA1c with a 
reduction up to 1·67% and 73% of people who met an 
HbA1c target of less than 7% versus 18% of those receiving 
placebo.23 In people with obesity and prediabetes 
receiving a combination of GLP-1 and amylin 
(ie, cagrilintide–semaglutide), 87·7% of participants 
reached normoglycaemia compared with 32·2% of those 
receiving placebo,24 while in those with type 2 diabetes, 
73·5% had a HbA1c of less than 6·5% compared with 
15·9% in those receiving placebo.25

In early phase trials for people with type 2 diabetes, the 
triple receptor agonist retatrutide—targeting GLP-1, 
GIP, and glucagon receptors—showed significantly 
reduced HbA1c levels (by up to 2·1% for the 12 mg dose) 
after 36 weeks with nearly 80% of people with HbA1c less 
than 6·5% versus 8% in those receiving placebo.26 These 
results suggest that simultaneous targeting of multiple 
gut hormone pathways can synergistically improve 
glucose regulation.

Phentermine–topiramate also reduced fasting glucose 
and HbA1c levels in people with obesity and type 2 

Figure 1: Timeline of FDA approval for indication of obesity and associated conditions
The years above the horizontal line indicate FDA-approval for obesity treatment, while those below show approval 
for obesity-related conditions for the same active ingredient (doses and administration forms can differ), with 
consistent colour coding for each agent across indications. FDA=US Food and Drug Administration. 
MASLD=metabolic dysfunction-associated steatotic liver disease. OSAS=obstructive sleep apnoea syndrome. 
sc=subcutaneous.
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Common adverse reactions (according to the FDA 
information leaflet)

Phentermine–
topiramate 
(extended 
release)

Combination of stimulant-induced 
release of central norepinephrine 
(phentermine) and a fructose 
monosaccharide derivative with 
sulphamate functionality (topiramate)

7·5 mg phentermine and 
46 mg topiramate once or 
twice daily

Oral capsule ≈ –7·5 to 8·7%4 
(108 weeks)

Paraesthesia, dry mouth, constipation, upper respiratory 
tract infection*, headache, dysgeusia, insomnia, 
nasopharyngitis, dizziness, sinusitis, nausea, back pain, 
fatigue, diarrhoea, blurred vision, bronchitis, urinary tract 
infection, and cough†

Naltrexone–
bupropion

Combination of opioid receptor 
antagonist (naltrexone) and 
norepinephrine reuptake inhibitor 
(bupropion)

32 mg naltrexone and 
360 mg bupropion twice 
daily

Oral tablet ≈ –4·8%5 
(56 weeks)

Nausea, constipation, headache, vomiting, dizziness*, 
insomnia, dry mouth, and diarrhoea†

Liraglutide GLP-1 receptor agonist 3·0 mg once daily Subcutaneous 
injection

≈ –5·4%6 
(56 weeks)

Nausea, diarrhoea, constipation, vomiting, injection-site 
reactions, headache, hypoglycaemia*, dyspepsia, fatigue, 
dizziness, abdominal pain, increased lipase, and upper 
abdominal pain†

Semaglutide GLP-1 receptor agonist 2·4 mg once weekly Subcutaneous 
injection

≈ –12·4%7 
(68 weeks)

Nausea, diarrhoea, vomiting, constipation, abdominal pain, 
headache, fatigue*, dyspepsia, dizziness, abdominal 
distension, eructation, hypoglycaemia in type 2 diabetes, 
flatulence, gastroenteritis, and gastroesophageal reflux 
disease†

Tirzepatide Dual agonist for GLP-1 and GIP 
receptors

15 mg once weekly Subcutaneous 
injection

≈ –17·8%8 
(72 weeks)

Nausea, diarrhoea, vomiting, constipation, abdominal pain, 
dyspepsia*, injection-site reactions, fatigue, hypersensitivity 
reactions, eructation, hair loss, and gastroesophageal reflux 
disease†

FDA=US Food and Drug Administration. GIP=glucose-dependent insulinotropic polypeptide. GLP-1=glucagon-like peptide-1. *Might affect more than one in ten people. †Reported in 5% or more patients and 
greater than placebo.

Table: FDA approved obesity medications
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diabetes, and reduced progression to type 2 diabetes by 
up to 79% within 2 years in individuals with obesity and 
prediabetes or metabolic syndrome.27,28 In people with 
type 2 diabetes, naltrexone–bupropion also resulted in 
significant HbA1c reduction (0·6% vs 0·1% reduction 
with placebo) with 44·1% of individuals achieving a 
HbA1c of less than 7% versus 26·3% of those receiving 
placebo.29

Although weight loss is a major determinant of 
improved insulin sensitivity and glycaemic control with 
obesity medications, GLP-1 receptor agonist-based 
therapies also reduce glucose independently of weight 
reduction—ie, by rapidly improving insulin sensitivity.30,31

Cardiometabolic risk factors
Dyslipidaemia
Dyslipidaemia is a common metabolic disorder in 
individuals with obesity and contributes importantly to 
cardiovascular disease development. GLP-1 receptor 
agonists, such as liraglutide and semaglutide, have 
consistently been associated with reductions in 
triglycerides, total cholesterol, and LDL cholesterol, and 
improvements in HDL levels in people with obesity with 
or without type 2 diabetes.6,32–34 In the SURPASS and 
SURMOUNT clinical trials, the GLP-1–GIP dual receptor 
agonist tirzepatide showed substantial improvements in 
lipid parameters, alongside marked weight loss and 
improved glucose regulation.20,35–38 The same results were 
found for mazdutide23 and cagrilintide–semaglutide.39 A 
phase 2 trial for retatrutide showed profound weight loss 
(mean 24% weight loss for the highest dose of 12 mg), 
and improvements in levels of plasma triglycerides, total 
cholesterol, and LDL-cholesterol.40 Beyond incretin-
mediated effects, this might be further enhanced by the 
beneficial glucagon effect on hepatic fat oxidation. 
Phentermine–topiramate also improved dyslipidaemia 
in people with obesity, especially in those who lost 5% or 
more of their baseline weight.41 In people with overweight 
or obesity and type 2 diabetes, naltrexone–bupropion 
improved triglyceride levels but not LDL cholesterol 
compared with placebo.29

Hypertension
One of the earliest effects of weight loss is the 
improvement of blood pressure control.42 Accordingly, 
several obesity medications have shown clinically 
meaningful benefits in hypertension, although these 
were mostly secondary outcomes in available studies.

A pooled analysis of six randomised controlled trials 
(RCTs) with liraglutide in people with type 2 diabetes 
showed mean systolic blood pressure (SBP) reductions of 
2·9 mm Hg versus placebo, independent of background 
antihypertensive therapy.43 An individual patient data 
meta-analysis with semaglutide, pooling data from 
three RCTs in people with obesity and hypertension, 
showed similar SBP reductions of around 4–5 mm Hg 
in 68 weeks (including individuals with resistant 

hypertension)44 with effects largely mediated by weight 
loss. Another meta-analysis reported SBP reductions of 
4·8 mm Hg even in normotensive individuals with obesity, 
accompanied by diastolic blood pressure (DBP) reductions 
of 2·5 mm Hg.45 On the other hand, various studies 
suggest that GLP-1 receptor agonists increase heart rate by 
around 2–5 beats per min,46 possibly due to GLP-1 receptor 
expression on sinus node pacemaker cells.47

In individuals with overweight or obesity, tirzepatide 
showed a net blood pressure reduction of 6·8 mm Hg 
systolic and 4·2 mm Hg diastolic versus placebo, with a 
shift towards normotension (35·2% to 58%) after 
72 weeks,48 approximately 70% of the effect on blood 
pressure control was mediated by weight loss. This 
finding was supported by a post-hoc analysis of 
tirzepatide in the SURMOUNT-1 trial showing that 
participants with 35% or more weight loss had SBP 
reductions of up to 14·2 mm Hg and DBP reductions of 
9·2 mm Hg.49 Post-hoc analysis of a phase 2 trial with 
survodutide showed beneficial effects on both SBP and 
DBP, irrespective of the presence of hypertension.50 A 
meta-analysis on mazdutide showed improvements 
compared with placebo both in SBP (mean difference 

Figure 2: Effects of obesity medications on obesity-related conditions in randomised clinical trials
Colour coding reflects the overall direction of available evidence and does not account for heterogeneity between 
trials or differences in effect size. Green dot: currently available trials indicate exclusively or predominantly beneficial 
effects. Yellow dot: currently available trials indicate varying effects (or results are interpretable in varying ways), 
where evidence does altogether not indicate clear beneficial or clear adverse effects. Red dot: currently available 
trials indicate exclusively or predominantly adverse effects. Grey dot: currently available trials have not detected an 
effect on the outcome. White dot: unknown, currently no trials available.
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–7·6 mm Hg) and DBP (mean difference –3·0 mm Hg).39 
Cagrilintide–semaglutide improved SBP and DBP 
compared with placebo and more patients (63%) reached 
blood pressure targets at 68 weeks compared with 
placebo (32%).51 Also, retatrutide showed improvements 
in SBP and DBP.40

Phentermine–topiramate and naltrexone–bupropion 
can increase blood pressure as a side-effect. Evidence for 
phentermine–topiramate remains conflicting,28,52 
whereas naltrexone–bupropion significantly increased 
SBP by 1·4 mm Hg53 and is contraindicated in 
uncontrolled hypertension. Thus, with respect to 
hypertension, these obesity medications should be used 
with caution.

Major organ-related clinical outcomes
Major adverse cardiovascular events
Large cardiovascular outcome trials (CVOTs) have been 
conducted for several GLP-1 receptor agonists, primarily 
in people with type 2 diabetes with high cardiovascular 
risk using diabetes-dose regimens.

Regarding the CVOTs conducted with diabetes doses, 
the LEADER-trial showed that liraglutide reduced the 
risk of three-point major adverse cardiovascular events 
(MACE; ie, first occurrence of death due to cardiovascular 
causes, nonfatal myocardial infarction, or nonfatal 
stroke) by 13% after a median follow-up of 3·8 years.54 
Subcutaneous semaglutide reduced three-point MACE 
by 26% after 2·1 years in the SUSTAIN-6 trial, with 
similar effects for 0·5 and 1·0 mg doses.55 In the 
PIONEER trial, oral semaglutide showed fewer three-
point MACE than placebo (3·8% vs 4·8%), but was not 
superior after 1·3 years.56 However, the subsequent 
SOUL trial, with around three times more participants 
and a three-fold longer follow-up, showed superiority of 
oral semaglutide, with a 14% reduction in three-point 
MACE.57 Based on these and other CVOTs with earlier-
generation GLP-1 receptor agonists, the latest European 
Society of Cardiology guideline for the management of 
cardiovascular diseases in diabetes gives the highest 
(1A) recommendation to initiate these drugs with 
proven cardiovascular benefits in patients with type 2 
diabetes with atherosclerotic cardiovascular disease, 
regardless of HbA1c levels or use of other glucose-
lowering therapy.58 More recently, the results of the 
CVOT with tirzepatide showed non-inferiority to 
dulaglutide after a median follow-up of 4 years in people 
with type 2 diabetes and atherosclerotic cardiovascular 
disease.59

For people with overweight or obesity and high 
cardiovascular risk without type 2 diabetes, the SELECT 
trial investigated cardiovascular outcomes using the 
obesity-dose regimen of semaglutide (2·4 mg once 
weekly) in more than 17 000 participants. After a mean 
follow-up of 3·3 years (with a mean treatment exposure 
of 2·9 years), semaglutide reduced three-point MACE 
by 20% (event rate of 8·0% in the placebo group 

compared to 6·5% with semaglutide).60 Of note, a 
prespecified analysis showed that this effect was related 
to changes in waist circumference rather than early 
weight loss, with a third of the effect explained by the 
reduction in waist circumference.61 However, causal 
inference regarding the contribution of weight-loss 
independent effects in this regard remain difficult to 
determine due to residual confounding and the 
limitations inherent to mediation analysis.

Heart failure
Obesity and visceral adiposity are closely tied to heart 
failure with preserved ejection fraction (HFpEF), making 
weight loss a key therapeutic strategy. The STEP-HFpEF62 
and STEP-HFpEF DM63 trials investigated the effects of 
2·4 mg of semaglutide on metabolic and heart failure 
outcomes in people with obesity and HFpEF, with and 
without type 2 diabetes. Semaglutide resulted in 
significant improvements in the Kansas City 
Cardiomyopathy Clinical summary score (KCCQ-CSS; 
higher scores indicate fewer symptoms and physical 
limitations) compared with placebo: mean change in the 
KCCQ-CSS was 16·6 points in the semaglutide group and 
8·7 points with placebo. Furthermore, 6-min walking 
distance improved significantly more in semaglutide 
users compared with the placebo group (20·3 m difference 
for semaglutide and 14·3 m for placebo). In another study 
pooling two semaglutide trials (SELECT and FLOW), 
semaglutide significantly reduced the risk of worsening 
heart failure events by 41% and of the composite endpoint 
of cardiovascular death or heart failure events by 31% with 
this particular effect being especially pronounced in the 
subgroup of individuals with BMI 35 kg/m² or higher.64

In the SUMMIT trial, tirzepatide resulted in a 38% risk 
reduction in the composite endpoint of death from 
cardiovascular causes or worsening heart failure events 
in people with obesity and HFpEF. Moreover, tirzepatide 
significantly improved KCCQ-CSS (median difference 
+6·9 points) and 6-min walk distance (18·3 m increase).65

In heart failure with reduced ejection fraction (HFrEF), 
liraglutide did not change left ventricular ejection 
fraction after 24 weeks.66 However, liraglutide significantly 
increased heart rate and was associated with a higher rate 
of serious cardiac events (10% vs 3% with placebo), which 
did not seem to be directly associated with each other as 
assessed in a subsequent substudy.67 However, the 
FIGHT-trial showed that liraglutide (6 months) had no 
significant effect on either heart rate or cardiac outcomes 
in patients recently hospitalised for heart failure.68

Chronic kidney disease and renal function
In people with type 2 diabetes and high cardiovascular 
risk, liraglutide (titrated up to 1·8 mg/day) resulted in 
fewer microvascular complications, particularly 
nephropathies.54 The greatest renal benefit for up to 
5 years of follow-up was driven primarily by a reduced 
incidence of macroalbuminuria (3·4% vs 4·6%). 



5

Review

www.thelancet.com/diabetes-endocrinology   Published online May 28, 2026   https://doi.org/10.1016/S2213-8587(26)00100-2

Moreover, the liraglutide group showed a modest, slower 
decline in estimated glomerular filtration rate (eGFR) 
with time. No significant differences were observed 
regarding the need for renal replacement therapy.69

Semaglutide also showed significant renal benefits in 
various trials. In people with type 2 diabetes and high 
cardiovascular risk, users had significantly lower 
incidence of new or worsening nephropathy 
(3·8% vs 6·1%) when compared with placebo, as shown 
in secondary analyses.55 The FLOW trial was specifically 
designed to investigate the effects of semaglutide on 
major kidney disease events in people with type 2 diabetes 
and chronic kidney disease. This trial was terminated 
early due to evidence of renal benefits observed during 
interim analyses. After a median follow-up of 3·4 years, 
semaglutide resulted in a 24% reduction in the risk of 
major kidney disease events. Furthermore, the annual 
decline in eGFR was slower, and users had a lower risk of 
cardiovascular events (18% lower risk) and death from 
any cause (20% lower likelihood of death).70

A post-hoc pooled analysis of the SURPASS 1–5 trials 
(eg, phase 3 trials studying tirzepatide in people with 
type 2 diabetes) showed a significant reduction in urine 
albumin-to-creatinine ratio compared with both placebo 
and pooled active comparators (eg, insulin and 
semaglutide 1·0 mg). No significant differences were 
observed between groups with respect to eGFR, although 
data were only available for treatment durations of less 
than 1 year.71 Similar findings were also observed in 
post-hoc analyses of two dose-finding trials with 
retatrutide in people with type 2 diabetes and obesity. 
Retatrutide was associated with significant reductions in 
urine albumin-to-creatinine ratio in both populations 
and an additional increase in eGFR in people with 
obesity.72

There is scarce evidence on renal effects of other 
obesity medications, except for topiramate monotherapy. 
Treatment with topiramate at different doses 
(96–192 mg/day) in individuals with type 2 diabetes and 
overweight or obesity not only resulted in favourable 
metabolic changes but also led to a significant reduction 
in urinary albumin excretion.27,73

Metabolic dysfunction associated steatotic liver disease
Several obesity medications are promising candidates for 
the treatment of metabolic dysfunction-associated steatotic 
liver disease (MASLD). This potential arises from both 
direct hepatic effects (eg, via GIP and glucagon receptors) 
and indirect metabolic effects, including improvement of 
obesity, low-grade inflammation, and insulin resistance as 
observed with GLP-1 receptor agonists.10,12,13

Short-term administration of liraglutide improved 
hepatic and adipose tissue insulin sensitivity, reduced de 
novo hepatic lipogenesis,74 and decreased liver fat 
content.75–77 1·8 mg of liraglutide also showed favourable 
effects on liver histology in a phase 2 trial of participants 
with overweight and metabolic dysfunction-associated 

steatohepatitis (MASH), resulting in higher MASH 
resolution (39% vs 9% placebo) and less fibrosis 
progression (9% vs 36%) compared with placebo.78 
Low-dose daily semaglutide (up to 0·4 mg/day) also 
positively affected MASH resolution, but did not 
significantly improve fibrosis in patients with stage 2 or 3 
fibrosis in a phase 2 trial.79 No significant histological 
improvement was observed in cirrhosis (stage 4) despite 
favourable metabolic changes, such as weight loss and 
improvement in dyslipidaemia, suggesting earlier 
treatment might be required.80 However, a recent interim 
analysis of a phase 3 trial showed that 2·4 mg semaglutide 
significantly improved liver fibrosis without worsening 
of steatosis (36·8% vs 22·4% placebo) in patients with 
stage 2 or 3 fibrosis.81

The abundant expression of GIP and glucagon 
receptors on hepatocytes, with glucagon promoting 
hepatic lipid oxidation, makes them attractive therapeutic 
targets for MASLD. The GLP-1–GIP dual receptor agonist 
tirzepatide led to resolution of steatohepatitis without 
worsening of fibrosis in up to 62% at the highest dose 
(15 mg), compared with 10% on placebo, and higher 
fibrosis regression across all doses (51–55% vs 30% on 
placebo).82 The degree of weight loss was positively 
associated with changes in liver fat content on imaging36 
and was closely related to histological MASH resolution, 
whereas the association with fibrosis improvement was 
less pronounced.82 Similar results were observed with the 
GLP-1–glucagon dual receptor agonist survodutide, with 
MASH resolution without fibrosis worsening and 
fibrosis improvement in approximately 34–36% 
versus 22% with placebo.83 Retatrutide—targeting GLP-1, 
GIP, and glucagon receptors—normalised liver fat 
content in around 90% of participants receiving the 
two highest doses. Liver fat reduction strongly correlated 
with weight loss and waist circumference, with limited 
additional benefit beyond 20% weight loss.84

Reproductive-metabolic disorder
Polycystic ovary syndrome is the most prevalent 
endocrine disorder among women of reproductive age. 
The disorder is characterised by ovulatory dysfunction, 
hyperandrogenism, and polycystic ovarian morphology, 
frequently associated with obesity and insulin resistance.

Until recently, lifestyle optimisation with oral 
contraceptives formed the cornerstone of polycystic ovary 
syndrome management, with metformin used primarily 
in women with overweight or insulin resistance. Although 
the metabolic and reproductive benefits of metformin are 
well-established, its effects on weight loss are modest.85 In 
RCTs involving women with polycystic ovary syndrome, 
in addition to weight loss, liraglutide improved insulin 
resistance and reduced androgen levels.86–88 A meta-analysis 
also showed enhanced menstrual cycle regularity and 
ovulation with GLP-1 receptor agonist treatment 
(including liraglutide), while outcomes on natural and in 
vitro fertilisation pregnancy rates were neutral.89
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Combination therapy with metformin and GLP-1 
receptor agonists resulted in greater weight loss, 
improved insulin sensitivity, and larger reductions in 
androgen levels compared with either therapy alone.90–92

Furthermore, preconception intervention with low dose 
liraglutide added to metformin was superior to metformin 
alone for increasing pregnancy rates in women with 
obesity and polycystic ovary syndrome with infertility, 
despite similar weight reduction in both groups.93

Metabolic-structural complications
Obstructive sleep apnoea syndrome
The presence of obstructive sleep apnoea syndrome in 
individuals with obesity constitutes an additional 
cardiovascular risk factor. Weight loss induced with 3·0 mg 
liraglutide in addition to lifestyle modifications in people 
with obesity and moderate-to-severe obstructive sleep 
apnoea not treated with continuous positive airway 
pressure therapy resulted in a two-fold improvement in 
apnoea–hypopnea index (AHI). The degree of weight loss 
was significantly associated with improvement in AHI.94 
In another proof-of-concept study with participants 
recently diagnosed with obstructive sleep apnoea, 
liraglutide alone improved AHI from 54 ± 21 to 42 ± 16 
events per h. However, the effect was most pronounced 
when liraglutide was combined with continuous positive 
airway pressure therapy (48 ± 17 to 5 ± 5 events per h).95 
Lower doses of liraglutide (1·8 mg) in addition to 
continuous positive airway pressure therapy resulted in 
improvements in AHI and minimum nocturnal oxygen 
saturation in people with type 2 diabetes and obstructive 
sleep apnoea.96

More recently, two separate clinical trials studied the 
effects of tirzepatide in people with obesity and moderate-
to-severe obstructive sleep apnoea.97 In both people who 
did or did not receive continuous positive airway pressure 
therapy, tirzepatide resulted in a 50% or greater reduction 
in AHI. Individuals in the tirzepatide group were also 
about three times more likely to meet criteria for which 
continuous positive airway pressure therapy was not 
recommended anymore.

Phentermine–topiramate also resulted in significant 
improvements in AHI and nocturnal oxygen saturation 
in patients with obstructive sleep apnoea for whom 
continuous positive airway pressure therapy was not 
feasible or acceptable.98

Osteoarthritis and physical functioning
Obesity is a major risk factor for osteoarthritis due to 
weight-related mechanical overload on joints and 
systemic inflammation.99 Liraglutide, despite resulting in 
significantly greater weight loss compared with placebo, 
did not result in pain relief in individuals with overweight 
and obesity who had comorbid knee osteoarthritis.100 In a 
secondary analysis, the effects of liraglutide on physical 
activity were measured using an accelerometer. Despite 
improvements in self-reported level of functioning, there 

was no significant change in objectively measured 
physical activity.101

In contrast, the STEP 9 trial showed that 2·4 mg 
semaglutide once weekly, compared with placebo, 
resulted in substantially greater weight loss and greater 
improvements in osteoarthritis-related pain after 
68 weeks, along with improved physical function and 
reduced use of anti-inflammatory and analgesic 
medications.102 Similarly, significant improvements in 
physical functioning were seen in response to oral 
semaglutide once-daily doses of 50 mg or 25 mg.103,104 
Furthermore, the dual receptor agonist cagrilintide–
semaglutide (at 2·4 mg for both) resulted in 
improvements in physical functioning.25

Thus, while GLP-1 receptor agonists support weight 
loss, their effects might extend beyond adiposity 
reduction to include weight loss-independent modulation 
of metabolic and inflammatory pathways, effects that are 
currently supported mainly by preclinical data. The 
relative contribution of these mechanisms, which can 
differ between agents, could influence outcomes on pain, 
inflammation, and physical function across conditions 
such as osteoarthritis.105

Body composition, neurobehavioural aspects, 
and emerging domains
Body composition and muscle mass
While obesity medications often effectively induce 
weight loss, their effects on skeletal muscle raise some 
clinical concerns. Naltrexone–bupropion resulted in 
larger decreases in fat mass, but also muscle mass 
compared with placebo.106 Similarly, decreases in lean 
mass are reported in several, although not all, of the 
registered RCTs for the GLP-1 receptor agonists.107 
A recent meta-analysis of RCTs showed that people 
with type 2 diabetes using GLP-1 receptor agonists 
(eg, liraglutide, dulaglutide, semaglutide, exenatide and 
tirzepatide) had significant reductions in fat mass and 
also in lean body mass compared with those not using 
GLP-1 receptor agonist-based agents. The percentage 
loss of lean mass was comparable between groups.108

In a post-hoc analysis of the SURPASS-3 trial, Sattar 
and colleagues showed that tirzepatide-induced weight 
loss and decrease in total muscle volume was 
accompanied by potentially favourable reductions in 
muscle fat infiltration.109 Similarly, another secondary 
analysis of a smaller RCT showed reduced intramuscular 
fat accumulation in the thigh following liraglutide.110 
Findings from recent RCTs indicate retatrutide and 
cagrilintide–semaglutide-associated decrease in lean 
mass, which might be proportional to the amount of 
weight loss, as suggested by the authors in view of 
improved fat-to-lean mass ratios.24,111 Altogether, it is 
hypothesised that the observed reductions in total muscle 
mass following pharmacological obesity treatment reflect, 
at least in part, beneficial decreases in intramuscular fat, 
and reduced mechanical loading of skeletal muscle due to 
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substantial loss of fat mass. Current debates on this topic, 
including on sarcopenic obesity, older adults, and metho
dological challenges, were recently reviewed.112 Future 
studies regarding effects of pharmacological weight loss 
therapies on body composition should focus on accurate 
and meaningful assessments of muscle mass, 
composition, and importantly, function and strength to 
further elucidate their effect on muscle health.

Appetite and eating behaviour
Disruptions in appetite and hedonic eating tendencies 
often hinder successful long-term weight manage
ment.113,114 Evidence suggests that liraglutide induces 
short-term (<24 weeks) improvements in hunger, dietary 
disinhibition, eating psychopathology, and body shape 
concerns.115,116 However, findings also indicate that these 
effects could diminish with time.115–117 Similarly, 
semaglutide decreased appetite, energy intake at ad 
libitum meals and food cravings and increased control of 
eating in short-term follow-up periods (≤20 weeks).118–120 
Some of these changes persisted after 104 weeks, most 
prominent of which included increased eating control.120

First results from RCTs also suggest significant 
improvements in appetite scores in patients using 
tirzepatide, mazdutide, or retatrutide compared with 
placebo (after 3–36 weeks of treatment),121–124 which often 
correlated with weight loss.

Naltrexone–bupropion successfully reduced food 
cravings5,125 and feelings of hunger5 compared with 
placebo. Notably, naltrexone–bupropion-induced reduct
ions in food cravings during the first 8 weeks of treatment 
could be predictive for long-term weight loss.126 RCT data 
further suggests beneficial effects of naltrexone–
bupropion and phentermine–topiramate on binge eating 
compared with placebo.127,128

In view of these findings, data regarding GLP-1 receptor 
agonist treatment effects in populations with obesity and 
comorbid eating pathophysiology seems surprisingly 
scarce. A recent systematic review and meta-analysis 
showed that GLP-1 receptor agonists, including 
liraglutide, significantly reduce weight and binge eating 
severity in people with eating disorders in various study 
designs.129

Mental health and quality of life
People with obesity have an increased risk for depression 
and anxiety disorders, and reduced quality of life.130–132 
Evidence from RCTs suggests that GLP-1 receptor 
agonists, such as 3·0 mg liraglutide133 and 2·4 mg 
semaglutide,134 are safe and effective treatment options 
for individuals with obesity and comorbid mood 
disorders (eg, depression and bipolar disorder). Both 
drugs were shown to successfully induce weight loss and 
improve glycaemic control without worsening psychiatric 
symptoms in people with obesity and comorbid 
psychiatric disorders, regardless of antidepressant or 
antipsychotic medication use. Similar results were found 

for naltrexone–bupropion regarding antidepressant 
use.135

In people with obesity with or without type 2 diabetes 
and with no mood disorders, various6,136–142 although not 
all143 studies suggest that GLP-1 receptor agonists can 
improve mood symptoms, emotional wellbeing, and 
quality of life when compared with placebo or standard 
diabetes care6,136,138,139 despite changes not always being 
considered as clinically relevant.6

Partly in line with these findings, recent data from RCTs 
regarding the GLP-1–glucagon dual receptor agonist 
mazdutide and the GLP-1–amylin dual receptor agonist 
cagrilintide–semaglutide do not suggest treatment-
associated mental health risk with time, and even potential 
positive effects.24,25,144 Two140,141 of three143 recent meta-
analyses have shown superiority of GLP-1 receptor agonists 
compared with control treatments for reducing scores on 
depression rating scales.140 Of note, larger improvements 
in psychological outcomes often parallel more weight 
loss.136,138,142 Importantly, none of these RCTs showed a 
significant increase in psychiatric admissions, suicidality, 
or onset of mental illness or worsening in quality of life in 
response to use of obesity medications.6,125,136,138–143,145 
Although these studies contradict previous findings of a 
large community-based cohort study suggesting potential 
harmful effects on various psychiatric outcomes,146 the data 
are in line with findings of various recent meta-analyses, 
which do not suggest adverse GLP-1 receptor agonist 
effects on suicidal ideation or behaviour risks.147–150 Also, 
other obesity medications, including phentermine–
topiramate145 and naltrexone–bupropion,125 have shown 
beneficial effects on quality of life compared with placebo.

Substance-use disorders
Emerging evidence suggests that obesity medications 
might not only curb food-related cravings but also 
dampen hedonic responses to a broader range of 
rewarding stimuli. Naltrexone–bupropion can support 
smoking cessation and reduce amphetamine use.151,152 
However, at present, only bupropion is approved for 
smoking cessation and the treatment of major depressive 
disorder.153 Although evidence for GLP-1 receptor agonists 
is scarce so far, early findings suggest that GLP-1 receptor 
agonists could help reduce alcohol and cigarette 
consumption.154–156 In a 9-week phase 2 randomised trial 
involving 48 adults with alcohol-use disorder, low-dose 
semaglutide (titrated to 1 mg) significantly reduced 
alcohol craving, drinks consumed per drinking day, and 
cigarette use, providing initial evidence for its potential 
as a treatment for alcohol-use disorder.154 A recent 
26-week, single-centre RCT showed that once-weekly 
injections with 2·4 mg semaglutide resulted in a 
significantly reduced number of heavy drinking days in 
104 treatment-seeking patients with alcohol use disorder 
and comorbid obesity (–41·1 percentage points from 
baseline in the treatment group [95% CI –48·7 to –33·5] 
vs –26·4 percentage points from baseline in the placebo 
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group [95% CI –34·1 to –18·6]). Moreover, semaglutide 
use resulted in significantly reduced alcohol craving, 
1-month total alcohol consumption, number of drinks 
per drinking day, alcohol-use biomarkers, and 
cardiometabolic health outcomes, including reduced 
body weight and HbA1c.157 Similarly, a Swedish nationwide 
observational cohort study involving more than 
227 000 individuals with alcohol-use disorder showed 
that use of semaglutide and liraglutide was associated 
with a substantially reduced risk of alcohol-use disorder-
related hospitalisation during a median follow-up of 
8·8 years.155 Together, these findings suggest potential 
effectiveness of GLP-1 receptor agonists for treating 
alcohol-use disorder. However, confirmatory long-term 
clinical trials in larger study populations are needed and 
several studies are currently ongoing (eg, NCT06994338, 
NCT06015893, NCT07223983, and NCT06727331).158

Neurological disorders
Emerging evidence suggests that GLP-1 receptor agonists 
could also offer neuroprotective effects relevant to 
dementia prevention and treatment. A 12-week RCT 
showed that liraglutide altered neural activity in brain 
regions related to cognitive control in middle-aged adults 
(age 45–70 years, mean age 61·4 years in the treatment 
group, and mean age 60·3 years in the placebo group) at 
risk for Alzheimer’s disease, suggesting early functional 
brain effects, although no measurable improvements in 
cognitive performance were observed.159 Extending this 
line of evidence, results of two complementary analyses 
from a 6-month randomised trial in patients with 
Alzheimer’s disease showed that liraglutide preserved 
cerebral glucose metabolism160 and restored blood–brain 
barrier glucose transport capacity,161 suggesting that 
improved brain glucose delivery might underlie the 
observed metabolic preservation despite no changes in 
amyloid burden or cognitive performance. Additionally, a 
pooled analysis of RCTs found that treatment with GLP-1 
receptor agonists was associated with a significantly 
reduced risk of developing dementia in 15 820 individuals 
with type 2 diabetes after 3·61 years median follow-up.162 
This association was confirmed in a complementary 
analysis of observational data from a large nationwide 
Danish registry-based cohort of 120 054 participants.162 In 
line with these data, semaglutide was associated with 
reduced risk for Alzheimer’s disease onset in a large 
nationwide cohort in the USA.163 However, results of 
two phase 3 trials in participants with early-stage 
symptomatic Alzheimer’s disease showed that use of 
once-daily 14 mg oral semaglutide (flexible dose) was not 
efficacious in slowing clinical progression. These findings 
suggest that oral semaglutide use is not efficacious in 
preventing disease progression after disease onset.164

Implications and future directions
The field of obesity has markedly changed in recent 
years and obesity is increasingly regarded as a gateway 

disease towards the development of various 
conditions.165 Previous studies have shown that 
significant weight loss following both intensive lifestyle 
intervention and metabolic surgery results in the 
prevention or even remission of various obesity-related 
complications.166 In this Review, we aimed to provide a 
comprehensive overview of the effects of obesity 
medications on obesity-related conditions and show 
that various obesity medications improve or prevent 
comorbidities to a varying degree and via various 
mechanisms (figure 2).

Generally, obesity medications improve obesity-related 
conditions, especially via weight-loss dependent 
mechanisms, which is supported by the strong 
association between the amount of weight loss and 
improvement in comorbidities, with stronger effects 
reached with newer generation obesity medications. 
However, GLP-1-based obesity medications in particular 
have been shown to improve complications, including 
glucose regulation and the prevention of cardiovascular 
diseases, also via weight-loss independent mechanisms. 
This finding is supported by the fact that the beneficial 
effects of GLP-1-based obesity medications on glucose 
regulation can occur before any weight loss and is likely, 
at least in part, due to improvement in insulin sensitivity 
and perhaps also facilitated by anti-inflammatory 
effects.30 The broad presence of GLP-1 and other incretin 
receptors in multiple organs,167 including the immune 
system, might partly explain the weight-independent and 
direct beneficial effects reported in this Review.

In this Review, we focused on the effects of obesity 
medications on a predefined set of comorbidities, based 
on the known availability of RCTs and meta-analyses on 
these conditions. However, obesity medications are also 
studied in the context of other conditions, including 
psoriasis, chronic obstructive pulmonary disease 
(COPD), asthma, inflammatory bowel disease, and 
secondary hypogonadism associated with male obesity. 
For instance, small RCTs have shown beneficial effects of 
semaglutide on psoriasis in people with type 2 diabetes168 
and of liraglutide on pulmonary function in individuals 
with COPD.169 Furthermore, a meta-analysis of 
seven studies (n=680) showed that in patients with male 
obesity-associated secondary hypogonadism, GLP-1 
receptor agonists exenatide and liraglutide significantly 
raised total testosterone levels, while reducing BMI.7 
Future studies, also including new generation obesity 
medications, will shed light on the effects of these drugs 
on these conditions and the potential underlying 
mechanisms.

Importantly, future obesity treatments should consider 
not only obesity-related conditions but also underlying 
obesity phenotype (eg, neurobehavioural–metabolic 
phenotypes),8 including causal, contributing, and 
maintaining factors.170 Recently structured screening of 
these factors has become available using evidence-based 
and expert-based tools (eg, Check Causes Obesity), 

For Check Causes Obesity see 
www.checkcausesobesity.com

http://www.checkcausesobesity.com
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supporting a more personalised approach. This tool 
systematically assesses lifestyle and psychosocial 
determinants, endocrine causes, medication-induced 
obesity, hypothalamic factors, and monogenic and 
syndromic forms of obesity, and relevant conditions such 
as osteoarthritis, obstructive sleep apnoea syndrome, and 
depression. The tool can be used to phenotype patients, 
without imposing a substantial additional time burden 
on clinicians and also facilitates research to monitor 
treatment responses. One recent step towards such 
scalable, complication-oriented phenotyping is the shift 
from BMI-only classification to clinical staging based on 
adiposity-related disease burden, alongside comorbidity-
specific guidance on which obesity medications have 
shown benefit and are recommended for different grades 
of obesity severity.3,165

A key question that remains as newer and more potent 
obesity medications are developed is how they will affect 
obesity-related conditions and what their long-term 
effects will be. Obesity is a chronic disease171 and obesity 
medications should therefore be viewed as disease-
modifying therapies that induce remission rather than 
cure. As with hypertension or type 2 diabetes, treatment 
discontinuation is biologically expected to result in 
weight regain. Randomised withdrawal trials, including 
SURMOUNT-4 with tirzepatide,38 show substantial 
regain after abrupt discontinuation, whereas continued 
therapy maintains or augments weight loss. A minority 
of individuals do not regain weight, and even among 
those who do, weight often remains lower than baseline; 
predictors of sustained remission remain unclear. 
Similar patterns have been observed with GLP-1 receptor 
agonists, such as liraglutide and semaglutide.172 
Importantly, treatment in these trials were stopped 
abruptly and replaced by placebo, which might not reflect 
real-world practice. In clinical settings, strategies, such 
as gradual tapering, interval extension, maintenance 
dosing, or switching to less potent or more cost-effective 
agents can be considered, although these approaches 
have not been systematically studied. However, a recent 
case-series showed that reduced-frequency dosing of 
GLP-1-based therapy resulted in the maintenance of 
weight loss and metabolic parameters.173 Structured 
lifestyle interventions, including resistance training, 
might attenuate weight regain after discontinuation,174 
but data remain scarce. A recent systematic review 
suggests that weight regain after cessation of obesity 
medications is common,175 underscoring the chronic 
relapsing nature of obesity.

Another important side note is that the results from 
trials on obesity-related conditions do not necessarily 
reflect real-life conditions in which patients build-up 
medication slower or pause or even stop the medication 
after a specific amount of time. This aspect is 
particularly relevant given the substantial treatment 
discontinuation that occurs in clinical practice, partly 
due to adverse events. The most commonly reported 

adverse effects of obesity medications are 
gastrointestinal symptoms and headache, and better 
management of these could affect treatment 
compliance. Other relevant factors include limited 
access to medication, cost, insurance coverage 
constraints, and the resulting inequities in access, all of 
which constitute major barriers to sustained treatment. 
Furthermore, the occurrence of a weight loss plateau 
could further contribute to treatment discontinuation 
and highlights the ongoing challenge of maintaining 
long-term patient engagement. Hence, treatment 
efficacy is markedly influenced by variations in 
treatment adherence and patient heterogeneity. In this 
respect, male and older patients, those with class 3 
obesity (ie, BMI ≥40·0 kg/m²), and various ethnic 
groups (eg, non-White participants) are generally less 
included in clinical trials.176 Differences between efficacy 
in trials and real-world conditions should therefore be 
acknowledged, and real-world data are still needed to 
monitor safety signals and evaluate the effects of obesity 
medications on obesity-related conditions, especially 
long-term. These data are particularly needed to capture 
the real-world complexity of long-term obesity 
treatment, which randomised trials are by design not 
built to reflect.

Conclusion
Various obesity medications have been shown to confer 
beneficial effects beyond weight loss on a range of 
obesity-related conditions. While many of these effects 
occur via weight loss-dependent mechanisms, weight 

Search strategy and selection criteria

In collaboration with a biomedical information specialist 
(Wichor Bramer), we developed an extensive search strategy 
for articles available on MEDLINE, Embase, and the Cochrane 
Central Register of Controlled trials from inception to 
January, 2025. We searched for randomised clinical trials 
(RCTs) involving the drugs of interest: “phentermine/
topiramate”, “naltrexone/bupropion”, “liraglutide”, 
“semaglutide”, “tirzepatide”, “survodutide”, “mazdutide”, 
“retatrutide”, “cagrilintide/semaglutide”, and “amycretin”. 
The search terms were tailored to the following outcomes: 
prediabetes, type 2 diabetes, metabolic dysfunction-
associated steatotic liver disease, dyslipidaemia, 
hypertension, chronic kidney disease, heart failure, major 
adverse cardiovascular events, obstructive sleep apnoea 
syndrome, polycystic ovary syndrome, osteoarthritis, muscle 
mass, depression, quality of life, food cravings and binge 
eating disorders, substance use disorders, Alzheimer’s 
disease, and Parkinson disease. All retrieved articles were 
screened for relevance, and especially high-quality studies 
(RCTs and meta-analyses) were included. Studies deemed 
important by the authors but not identified in the search 
were also considered for inclusion.
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loss-independent mechanisms are also involved, 
particularly for GLP-1 receptor agonist-based obesity 
medications. Further long-term studies, including those 
evaluating newer-generation obesity medications, are 
needed to provide a more comprehensive understanding 
of their sustained effects on obesity-related conditions, 
and to support the development of personalised treatment 
strategies.
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