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Abstract
Background  Obesity and overweight are a significant public health concern. Subcutaneous semaglutide 2.4 mg 
injection is a glucagon-like peptide-1 (GLP-1) analogue approved by the European Medicines Agency as an 
adjunct to a reduced calorie diet and increased physical activity (diet and exercise, D&E) for the treatment obesity 
and overweight in the presence of at least one weight related comorbidity. This study aimed to assess the cost-
effectiveness of semaglutide 2.4 mg in combination with D&E compared to D&E alone for the Portuguese setting.

Methods  Analysis were conducted using the Core Obesity Model (COM) version 18, a Markov state transition cohort 
model, to predict the health outcomes and costs of weight related complications based on changes in surrogate 
endpoints. Efficacy and safety data were sourced from the STEP trials (Body Mass Index, systolic blood pressure and 
glycemic status) from a cohort of adults aged on average 48 years with obesity (BMI ≥ 30 kg/m2) and ≥ 1 obesity-
related comorbidities, over a time horizon of 40 years. Costs were estimated from the perspective of the Portuguese 
National Health Service. Sensitivity analyses were conducted to test the robustness of results across a range of 
assumptions.

Results  On a patient level, Semaglutide 2.4 mg in addition to D&E compared to D&E alone, improved QALYs by 
0.098 and yielded higher costs by 1,325 EUR over a 40-year time horizon, with an ICER of 13,459 EUR per QALY gained 
and 100% probability of cost-effectiveness at the given WTP. Semaglutide 2.4 mg remained cost-effective across all 
different scenarios and sensitivity analysis at a WTP of 20,000 EUR per QALY. Among the subpopulations examined, 
Semaglutide 2.4 mg yielded ICERs of 18,459 EUR for patients with BMI ≥ 30 kg/m2 and of 22,657 EUR for patients with 
BMI ≥ 35 kg/m2.

Conclusions  Semaglutide 2.4 mg was cost-effective compared to D&E alone for patients with obesity (BMI ≥ 30 kg/
m2) and weight related comorbidities in Portugal, over a 40-year time horizon.
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Background
Obesity presents a significant clinical and public health 
concern, with prevention and management emerging as 
global priorities [1]. It is characterized by abnormal or 
excessive fat accumulation, which can impair health and 
increase the risk of long-term complications [2]. In Por-
tugal, nationwide surveys have revealed a prevalence of 
obesity ranging from 22 to 29%, while the prevalence of 
overweight ranges between 35% and 39% [3, 4]. Over-
weight and obesity pose a significant risk for various 
chronic diseases, including among others type 2 diabe-
tes (T2D), cardiovascular diseases, asthma, osteoarthri-
tis and different cancers with great impact on health and 
wellbeing [2, 5].

The impact of obesity extends beyond health, with 
substantial economic consequences affecting individu-
als, caregivers, the healthcare system, and society as a 
whole. In Portugal, people with obesity and overweight 
contribute to a direct annual cost of 1.2  billion euros, 
equivalent to 0.6% of the country’s wealth. The diseases 
most responsible for these healthcare costs include type 2 
diabetes, stroke, ischemic heart disease, and chronic kid-
ney disease. Notably, the cost of treating these diseases is 
88 times higher than the cost of managing obesity itself, 
exceeding 13 million euros annually [6].

Preventing and managing obesity and overweight pose 
significant challenges due to their complex and multifac-
torial nature, involving genetic, physiological, behavioral, 
and environmental factors [7], with international guide-
lines recommending various therapies, including lifestyle 
and behavioral interventions, pharmacotherapy, and 
bariatric surgery [8–10]. Despite the potential for sig-
nificant health improvements, lifestyle interventions such 
as diet and exercise (D&E) often result in modest weight 
loss over short periods of time, with many patients fac-
ing challenges with metabolic adaptation and difficulties 
in maintaining D&E practices, which can contribute to 
weight regain [11].

Recommendations from the Portuguese Society for 
Obesity Research (Sociedade Portuguesa para o Estudo 
da Obesidade, SPEO) state that pharmacological treat-
ment for obesity should be considered for people with 
Body mass index (BMI) ≥ 30  kg/m2 or BMI between 
27  kg/m2 and 29.9  kg/m2 and at least one comorbidity 
who have not achieved at least 5% weight loss between 
3 and 6 months through lifestyle interventions [12]. For 
patients with severe obesity and associated comorbidi-
ties, the Directorate-General of Health (Direção Geral da 
Saúde, DGS) recommends referral to an Obesity Treat-
ment Centre, with bariatric surgery as an option for 
patients for whom nonsurgical weight reduction mea-
sures have failure for at least one year [13]. Reimburse-
ment for effective pharmacotherapy for obesity is limited 
in Portugal.

Semaglutide (Wegovy®) 2.4 mg injection is a long-act-
ing glucagon-like peptide-1 (GLP-1) analogue, approved 
by the European Medicines Agency (EMA), that pro-
motes weight loss via slowing down gastric emptying 
and thereby reducing hunger and increasing satiety [14]. 
Approximately 5,000 patients enrolled in five phase 3 
trials– the Semaglutide Treatment Effect in People with 
obesity (STEP) program. In STEP 1 trial, patients who 
received semaglutide 2.4  mg had clinically significant 
weight loss (at least a 5% reduction in weight from base-
line level) compared with placebo (weight reduction: 
14.9% vs. 2.4% at week 68; P < 0.001) [14], and superior 
weight loss at 68 weeks when compared with placebo 
in STEP 2 trial for weight management in patients with 
overweight or obesity and T2D [15].

This study aimed to assess the cost-effectiveness of 
semaglutide 2.4  mg in combination with D&E com-
pared to D&E alone for the treatment of adults with obe-
sity (BMI ≥ 30  kg/m2) with one or more weight-related 
comorbidities, from the perspective of the Portuguese 
National Health Service (NHS).

Methods
Model description
The Core Obesity Model (COM) version 18, a validated 
Markov-state transition cohort model in Excel, was used 
to estimate the cost-effectiveness of semaglutide 2.4 mg 
in combination with D&E compared to D&E alone for the 
treatment of adults with obesity (BMI ≥ 30  kg/m2) with 
one or more weight-related comorbidities (Supplemen-
tary Figure S1). The model was designed to evaluate the 
costs and health outcomes associated with the develop-
ment of obesity-related complications based on risk fac-
tors including BMI, lipids, systolic blood pressure (SBP), 
and glycemic levels/status. Obesity-related complications 
included in the model were: T2D, myocardial infarction 
(MI), unstable angina, stroke and transient ischemic 
attack (TIA), sleep apnea, colon cancer, post-menopausal 
breast and post-menopausal endometrial cancers, and 
knee replacement surgery following osteoarthritis. Com-
plications were selected to respond to weight loss hav-
ing substantial consequences on healthcare resources 
and costs, patients’ quality of life, and/or life expectancy, 
based on an unpublished systematic review of the litera-
ture [16]. The impact of treatment on comorbidities was 
assessed by modeling changes in surrogate endpoints 
that are known to increase the risk of these conditions, 
such as BMI, SBP, glycemia, and lipids. STEP clinical tri-
als provided data on these surrogate endpoints, while 
the relationship between surrogate endpoints and actual 
health outcomes was incorporated into the model using 
risk equations. These equations explored the association 
between these risk factors and the incidence of various 
diseases. In the model, each health state is assigned a cost 
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and a utility decrement for as long as the cohort remains 
in that particular state. Events such as knee replacement 
surgery, stroke, TIA, MI, unstable angina, and bariat-
ric surgery incur a one-time cost and lead to a disutil-
ity. These event-related costs and utility decrements are 
applied in the cycle in which the event takes place. A 
cycle length of 3 months was used in the first year, allow-
ing for more accurate representation of treatment effects 
and to account for discontinuation due to non-response. 
Annual cycles were applied after the first year where 
half-cycle correction was used to estimate occurrence of 
state transitions in the middle of each cycle. A detailed 
description of the model and external validation can be 
found in previous publications [17, 18]. The perspective 
of the Portuguese National Health Service (NHS) was 
adopted. Future costs and quality-adjusted life-years 
(QALYs) were discounted at 4% yearly. Outcomes were 
modelled over a lifetime horizon corresponding to 40 
years. Model outputs included life-years (LYs), QALYs, 
and total and disaggregated costs (estimated in 2021 
EUR). Incremental cost-effectiveness ratios (ICER) were 
calculated to express the incremental difference in costs 
and QALYs between semaglutide 2.4  mg and the D&E 
alternative. The ICER was judged against a willingness-
to-pay (WTP) threshold of 20,000 EUR per additional 
QALY gained, given that there is no established WTP 
threshold in Portugal. This study adheres to the guide-
lines in the Consolidated Health Economic Evaluation 
Reporting Standards (CHEERS) [19].

Modelled population
The modelled population was based on a subsample of 
patients (n = 1,470) from the total STEP 1 trial popula-
tion, corresponding to adults aged 48 years on average 
with BMI ≥ 30  kg/m2 with one or more obesity-related 
comorbidity eligible for treatment with semaglutide 
2.4 mg. The cohort profile is available in Supplementary 
Table S1.

Model inputs
Treatment effects and parameter progression
Treatment efficacy estimates were sourced from two of 
the STEP trials. Changes from baseline in BMI, SBP, total 
cholesterol, HDL, glycemic status, and the proportion of 
treatment responders (achieving a ≥ 5% weight loss) were 
sourced from STEP 1 trial [14], at 28- and 68 weeks. In 
the base case analysis, treatment duration was assumed 
to last 2 years and estimates from an intention-to-treat 
analysis were used (treatment policy estimand). Treat-
ment effect based on an analysis of the full sample was 
applied in cycle 2 of the model (3–6 months) and treat-
ment effect based on analysis of treatment responders 
achieving ≥ 5% weight loss was applied in cycles 3 and 4 
(6–9 and 10–12 months). A stopping rule was applied 

where treatment was discontinued for patients not 
achieving the minimum weight loss criteria for treat-
ment response. Non-responders (16.3%) were attributed 
an efficacy estimate from analysis of the full sample of 
patients in the D&E arm, assuming all patients continue 
following a D&E program irrespective of treatment 
response. Treatment waning effect beyond the STEP 
1 trial was sourced from the 104-weeks STEP 5 trial 
(n = 304) [20]. In cycle 5 (year 2), a ratio of change in the 
risk factor (weight, proportion responders, SBP, and gly-
cemic status) observed in the STEP 5 trial between week 
68 and week 104 was computed and applied to the risk 
factor change observed at week 68 in STEP 1. This adjust-
ment was made based on the efficacy demonstrated by 
early responders in STEP 5. Starting from cycle 6 (year 3) 
and each subsequent cycle, the ratio of risk factor change 
observed in the full analysis set of STEP 5, between week 
68 and week 104, was calculated and applied accordingly 
(Supplementary Table S1). The changes observed at week 
68 from STEP 1 trial were assumed to be maintained for 
total cholesterol and HDL change as assessment of these 
risk factors was not performed at this time point.

A catch-up rate was applied after treatment cessa-
tion to bring the values of the treatment efficacy on the 
risk factor endpoints back to their baseline values or to 
a value on their progression with D&E, depending on 
whether the cohort remains on D&E (Supplementary 
Table S3). Natural progression beyond this point was 
assumed for weight to increase with 0.402  kg/year and 
0.486  kg/year in males and females respectively (0.463 
on average for the cohort) [21] up to a maximum age of 
68 years. For glycemic status, a proportion of the cohort 
with prediabetes status at baseline was assumed to tem-
porarily revert to normal glucose tolerance in cycle 2 
only; the maintenance of prediabetes reversal during 
treatment was also informed by STEP 5 and a catch-up 
rate was applied post treatment stop.

Treatment discontinuation was assumed for patients 
not responding to treatment (i.e. not achieving weight 
loss of ≥ 5% in 28 weeks) and applied from cycle 3 for 
semaglutide 2.4  mg. Non-responders received efficacy 
estimates from D&E. (Supplementary Table S4).

Bariatric surgery was used as next line therapy post-
treatment. The proportion of the cohort eligible for bar-
iatric surgery was determined by the annual incidence 
rate of bariatric surgery applied during post-treatment. 
Eligibility was met when the average BMI of the cohort, 
corresponded or exceeded the BMI threshold outlined 
in national guidelines. The efficacy of bariatric surgery in 
the model results in reductions in BMI, SBP, and lipid lev-
els in the corresponding cycles. Efficacy of bariatric sur-
gery on weight loss was derived from the Swedish Obese 
Subjects Study [22], taking into account the average effect 
observed with gastric bypass, laparoscopic banding, and 
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gastrectomy procedures. The efficacy of bariatric surgery 
in reducing SBP and lipid levels was sourced from a pro-
spective study involving patients who underwent gastric 
bypass surgery in the UK [23] (Supplemental Table S5).

Treatment related adverse events (AEs) were included 
in the base-case analyses for semaglutide 2.4 mg includ-
ing severe gastrointestinal events (e.g., nausea, vomiting, 
diarrhea, etc.) and non-severe hypoglycemia (Supple-
mentary Table S6).

Complications
Transition probabilities between health states and the 
incidence of health events were derived from published 
risk equations accounting for factors such as physi-
ological parameters (e.g., BMI), medical history, and 
demographics. Briefly, first-occurring CV events were 
predicted using the QRisk3 [24]. Recurrent events were 
predicted using the Framingham Recurrent CHD [25]. 
The incidence of T2D was predicted using the QDia-
betes risk prediction algorithm [26]. The prevalence of 
sleep apnea was calculated using data from a multicenter 
cohort, namely the Sleep Heart Health Study [27]. The 
incidence of knee replacement was predicted using data 
from the Hospital morbidity database and Statistics Por-
tugal [28] along with baseline risks from a case-control 
study [29]. The incidence of colon cancer, post-meno-
pausal breast and post-menopausal endometrial cancers 
were sourced from the International Agency for Research 
on Cancer [30], and hazards ratios by BMI for colon can-
cer from Schlesinger et al. [31] and for post-menopausal 
breast and endometrial cancers from two systematic 
reviews and meta-analyses [32, 33].

Mortality
Sex and age specific all-cause mortality for the general 
population was sourced from Portuguese life Table [34]. 
All-cause mortality was adjusted to exclude deaths due to 
obesity-related complications by subtracting those from 
all-cause mortality and obtaining non-disease-specific 
mortality. The non-disease-specific mortality was then 
adjusted using hazard ratios (HRs) per unit change in 
BMI, sourced from a study conducted on a large cohort 
of adults from the UK Clinical Practice Research Datalink 
(CPRD) database (N = 3.6  million) [35], to account for 
the increased mortality associated with overweight and 
obesity. Additionally, case fatality rates specific to MI, 
unstable angina, stroke, knee replacement and bariat-
ric surgery, as well as HRs representing higher mortality 
rates post-acute coronary syndrome, stroke, and dia-
betes, observed in the general population, were applied 
in the model in the cycle in which each event occurred 
(Supplementary tables S7, S8, S9). These later, are consid-
ered under disease-specific mortality.

Utilities
Utility values varied by BMI level, sex, age, and the occur-
rence of comorbid conditions. In the base case analysis, 
utility valued associated with BMI levels were informed 
by 36-Item Short Form Survey (SF-36) data collected in 
STEP 1 trial and mapped onto SF-6D using the Sheffield 
algorithm with Portuguese population’s preferences [36]. 
Thereafter, baseline SF-6D scores were linearly regressed 
against baseline BMI, controlling for age, presence of 
coronary artery disease, prediabetes, hypertension, and 
smoking status at baseline in STEP 1. Regression coef-
ficients were used in the model to provide a baseline, 
complication-free utility dependent on the cohort’s BMI 
in cycle, age, and sex (Supplementary Tables S10, S11). 
Event and health state disutilities were sourced from the 
literature and selected to represent the marginal com-
plication-specific disutility of each complication. These 
were applied using an additive approach, as the cohort 
transitioned between comorbidity health states or expe-
rienced events, and avoiding double-counting (Supple-
mentary Table 12).

Healthcare resource use and cost inputs
The perspective of the Portuguese NHS was taken on 
costs, and included the cost of the drug, obesity moni-
toring, bariatric surgery, and costs of complications 
and ADs. The price of semaglutide 2.4 mg was provided 
by Novo Nordisk (Supplementary Table S13). Disease 
monitoring costs were assumed to consist of 8.28 annual 
health care visits (including 4.5 medical/surgical, 3.61 
general practitioner and 0.16 dietitian visits) on average. 
The cost of D&E was assumed to be zero to the NHS and 
fully born by patients. Disease monitoring and D&E costs 
were applied to both treatment arms. Costs related to 
treatment of complications were sourced from multiple 
sources including primary health care and specialized 
care microdata, published literature and publicly avail-
able national unit cost data. These costs were applied 
either as chronic recurring health state costs, or as one-
off events costs. Detailed information on the costs of 
weight related complications is available in Supplemen-
tary Table S14.

Sensitivity analyses
Key model assumptions are described in Supplemen-
tary table S15. One-way sensitivity analyses were con-
ducted to investigate the impact of input parameters and 
assumptions on model outcomes by varying one param-
eter at a time. Parameters were varied based on reported 
95% confidence intervals (CI), when available. For param-
eters without a 95% CI, a range of ± 25% around the base-
case value was used. All values used in the sensitivity 
analysis are reported in Supplementary table S16.
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Scenario analyses were conducted to explore the 
impact of input and structural assumptions on model 
results, such as considering disease-specific mortality 
only, different treatment discontinuation assumptions, 
longer treatment durations, slower catch-up rates, use 
of literature-based estimate of BMI-utility (based on 
Eq. 5D), and using alternative risk equations for model-
ling the incidence of first and recurrent cardiovascular 
events (Supplementary Tables S17, S18, S19, S20). In 
addition, the cost-effectiveness of semaglutide 2.4  mg 
was examined among subgroup populations, including 
patients with BMI ≥ 30 and BMI ≥ 35 (Supplementary 
Tables S22, S23, S24, S25).

Probabilistic uncertainty analysis, using Monte Carlo 
simulations with 1000 iterations were performed to pro-
duce 95% uncertainty intervals (95% UIs) around the cost 
and effect estimates. In each iteration, inputs were ran-
domly drawn from specified distributions. Uncertainty 
simulations were presented on a cost-effectiveness plane, 
representing the joint distribution of costs and QALYs. 
The probability of semaglutide 2.4 mg being cost-effective 
against the comparator given different willingness to pay 
threshold values was represented on a cost-effectiveness 
acceptability curve (CEAC).

Results
Base case analysis
Estimated mean BMI trajectories over the model period 
for each treatment arm are presented in Fig.  1. Com-
pared to D&E only, Semaglutide 2.4  mg led to margin-
ally fewer cardiovascular events and knee replacements, 
and less time with obesity-related complications mostly 

due to prediabetes reversal and as such a delay in T2D 
occurrence, and a reduction in sleep apnea prevalence 
(Table 1). Fewer complications translate into lower costs 
over the modeling period, with the largest cost offsets 
related to treatment of complications relating to delayed 
T2D, reduced sleep apnea, T2D related microvascular 
complications and certain cancers (Fig.  2 and Supple-
mentary Table S21).

Total costs, LYs, QALYs and ICER estimates over the 
40-year modeling period are presented in Table 2. Treat-
ment of obesity with semaglutide 2.4  mg in addition to 
D&E was cost-effective compared to D&E alone, with an 

Table 1  Breakdown of Clinical Results Semaglutide 2.4 mg 
Injection vs D&E

Semaglutide 
2.4 mg

D&E Incre-
mental

Event Rate per 100 Patient-years
CV-events 2.08 2.10 -0.02
Bariatric surgery 0.33 0.33 0
Knee replacement 2.25 2.25 -0.01
Patient-years in Health State (Undiscounted)
No comorbidity + prediabe-
tes reversal

10.51 9.79 0.72

Sleep apnea 11.04 11.25 -0.20
Pre-T2D 7.12 7.38 -0.25
T2D 7.00 7.36 -0.36
Post-ACS 2.38 2.38 0.01
Cancer 1.98 2.02 -0.04
Post-stroke 0.89 0.89 0
ACS– Acute coronary syndrome; CV– Cardiovascular; T2D– Type 2 diabetes; 
D&E– Diet and exercise

Fig. 1  BMI trajectory over time in the base case analysis
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ICER of 13,459 EUR per QALY gained, with incremental 
1,325 EUR and 0.098 QALYs.

Univariate sensitivity analysis
The tornado diagram (Fig.  3) shows that ICERs were 
most sensitivity to variations in the discount rate applied 
to benefits (0%, 4% and 6%), followed by the baseline inci-
dence of post-menopausal endometrial cancer (for the 
non-obese Portuguese general population), and weight 
reductions applied in year 2 of the model on treatment 
with D&E.

Scenario analysis
The ICERs remained robust across all scenario analy-
sis, remaining under the WTP threshold of 20,000 EUR, 
and ranged between 10,797 EUR and 16,006 EUR. The 

results were most sensitive to the scenario where only 
disease-specific mortality was considered in the model, 
resulting in the highest ICER of 16,433 EUR. Longer 
treatment durations of 3 and 6 years also increased the 
ICER by 4% and 19% respectively. ICERs decreased when 
using different treatment estimands (trial product assum-
ing no treatment discontinuation and application of 
responder efficacy; no stopping rule) and the intention-
to-treat sample (treatment policy with non-application of 
responder efficacy to the semaglutide arm from cycle 3 
[stopping rule]). Application of a slower return rate and 
using a literature-based estimate of BMI-utility further 
decreased the ICER. Using alternative risk equations for 
modelling the incidence of first and recurrent cardiovas-
cular events showed little impact on results, in line with 
the small incremental benefits on cardiovascular out-
comes predicted with the model (Table 3).

The results for the cost-effectiveness of semaglu-
tide 2.4  mg in other populations are described in the 
Supplementary Appendix (characteristics of these sub-
populations in Supplementary Tables S22, S23 and cost-
effectiveness results in Supplementary Tables S24, S25). 
Notably, semaglutide 2.4  mg was estimated to be cost-
effective compared with D&E, in the subgroup of patients 
with BMI ≥ 30  kg/m2 (ICER = 18,459 EUR). In contrast, 
the expected ICER for semaglutide 2.4  mg in the sub-
group of patients BMI ≥ 35  kg/m2, was 22,657 EUR, 
slightly above the WTP considered.

Probabilistic sensitivity analyses
The cost effectiveness plane depicts the uncertainty 
around the cost and QALY estimates (Fig.  4). All itera-
tions fell on the upper right quadrant of the plane rep-
resenting more costs and more QALYs, with semaglutide 
2.4  mg having 100% probability of cost effectiveness 

Table 2  Base case cost-effectiveness results for semaglutide 
2.4 mg injection vs. diet and exercise

Semaglu-
tide 2.4 mg

D&E Incre-
men-
tal vs. 
D & E

Obesity Pharmacotherapy 1,847 0 1,847
Obesity Monitoring + Diet and 
Exercise

4162 4138 23

Blood Pressure Treatment 273 272 1
Type 2 Diabetes Pharmacy 1,287 1,377 -90
Complications: Health States 13,140 13,587 -448
Complications: Events 2,248 2,257 -8
Total costs 22,957 21,631 1,325
Total QALYs 14.29 14.19 0.098
Total LYs 16.23 16.15 0.078
ICER (Cost/QALY gained) 13,459
ICER (Cost/LY gained) 17,027
CEA– Cost-effectiveness analysis; ICER– Incremental cost-effectiveness ratio; 
LY– Life-years; QALY– Quality adjusted life-years

Fig. 2  Breakdown of costs Semaglutide 2.4 mg Injection vs. D&E
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against D&E alone at the set 20,000 EUR willingness to 
pay threshold (Fig. 5).

Discussion
Semaglutide 2.4  mg was estimated to be cost-effec-
tive compared with D&E alone, in adults with obesity 
(BMI ≥ 30 kg/m2) and at least one obesity-related compli-
cation from the perspective of the Portuguese NHS.

Efficacy and safety data from STEP 1 and STEP 5 trials 
used in the cost effectiveness analyses provide robust evi-
dence regarding the effectiveness of semaglutide 2.4 mg 
in reducing weight, managing blood pressure, control-
ling lipid levels, and improving glycemic control when 

compared to relying solely on diet and exercise. The util-
ity data used in these analyses, which inform baseline 
values and consider age, gender, and BMI, were derived 
from reported data from STEP 1, and converted to utility 
weights using country-specific preferences. As a result, 
the QALY outcomes obtained can be generalized to the 
broader Portuguese population.

Other studies have estimated the cost effectiveness 
of semaglutide 2.4  mg in the United Kingdom, Canada, 
and the United States. Sandhu et al. [37] estimated sema-
glutide 2.4  mg to be cost-effective against D&E alone 
with an ICER of £14,827/QALY gained over a lifetime 
horizon, from the perspective of the NHS and Personal 

Table 3  Scenario analyses results (in 2021 EUR)
Scenarios Total costs Total QALYs ICER %-change 

in ICER vs. 
BC

Semaglutide 
2.4 mg

D&E Semaglu-
tide 2.4 mg

D&E

Base case 22,957 21,631 14.292 14.194 13,459
1 Treatment policy estimand- no stopping rule for Semaglutide 

2.4 mg
22,990 21,631 14.297 14.194 13,177 -2%

2 Trial product estimand with stopping rule for Semaglutide 2.4 mg 22,758 21,604 14.295 14.196 11,638 -14%
3 Trial product estimand with No stopping rule for Semaglutide 

2.4 mg
22,984 21,604 14.297 14.196 13,679 2%

4 Treatment duration: 3 years 23,532 21,538 14.357 14.215 14,050 4%
5 Treatment duration: 6 years 25,237 21,311 14.492 14.247 16,006 19%
6 Return rate: based on Ara et al. 2012: 33-67-100% 22,889 21,631 14.244 14.127 10,797 -20%
7 Baseline utility: Polynomial/ log function Soltoft et al. 22,957 21,631 14.052 13.935 11,343 -16%
8 Incidence of first CV event in T2D: Qrisk3

Incidence of recurrent CV event in T2D: Framingham Recurrent
23,294 21,983 14.278 14.178 13,080 -3%

9 Disease-mortality only (no BMI-dependent mortality) 25,652 24,418 15.074 14.999 16,433 22%
CV– Cardiovascular; D&E– Diet and exercise; ICER– Incremental cost-effectiveness ratio; QALY– Quality adjusted life-years; SA– Scenario analysis; T2D– Type 2 
diabetes

Fig. 3  Tornado Diagram Depicting Key Drivers for Cost-Effectiveness of Semaglutide 2.4 mg Injections Compared to D&E. All costs are in EUR €, 2022 
values, T2D– type 2 diabetes
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Social Services. Olivieri et al. [38] assessed the cost-
effectiveness of weight-management pharmacotherapies 
approved by Canada Health, from a societal perspective, 
and have concluded semaglutide 2.4  mg to be the most 
cost-effective treatment– considering a WTP threshold 
of CAD 50,000 per QALY– when compared with D&E 
or orlistat alone, and to dominate other pharmacothera-
pies, such as NB-32 or liraglutide 3.0 mg. Kim et al. [39] 
estimated semaglutide 2.4 mg to be cost-effective against 
other anti-obesity medication (liraglutide 3 mg, phenter-
mine-topiramate, and naltrexone-bupropion), D&E and 

no treatment, over a lifetime horizon, from a societal 
perspective, with ICERs varying between $27,113 (vs. 
no treatment) to $144,296 (vs. phentermine-topiramate), 
and the ICER for D&E being $22,138.

Although results exhibited variability due to changes 
in a few parameters and assumptions, results remained 
robust in all sensitivity and scenario analyses. Addition-
ally, scenario analyses indicate that semaglutide 2.4  mg 
can be considered cost-effective when responders are 
assumed to continue treatment for up to six years. Nev-
ertheless, the assumptions made about the continuous 

Fig. 5  Cost Effectiveness Acceptability Curve for Semaglutide 2.4 mg Injection vs. Diet and Exercise

 

Fig. 4  Cost effectiveness plane for semaglutide 2.4 mg injection vs. diet and exercise. Incr.– Incremental; QALY– Quality adjusted life years
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use of D&E in non-responders, along with the efficacy 
estimate applied with a stopping rule in the base case 
analysis, may have on the one hand resulted in an under-
estimation of the potential benefits of semaglutide 
2.4 mg, however, this may be more representative of its 
real-world utilization in the Portuguese setting. Addi-
tionally, although comprehensive but not exhaustive, 
the inclusion of complications related to obesity in the 
model was limited to those with the highest disease and 
economic burden, whereby the benefits and potential 
cost savings of weight loss and related complications may 
go well beyond those considered. The analysis on dif-
ferent subpopulations showed semaglutide 2.4 mg to be 
cost effective in patients with BMI ≥ 30 kg/m2 but not in 
patients in BMI ≥ 35 kg/m2. In both analyses, the incre-
mental benefits of semaglutide 2.4  mg against D&E in 
avoiding cardiovascular events were marginal, which may 
be explained by these being lower risk populations. Addi-
tionally, the average age of these populations were lower 
than the average age in the base case analysis (46 vs. 48 
years in the population with BMI ≥ 30 kg/m2; and 45 vs. 
48 years in the population wjth BMI ≥ 35 kg/m2), consid-
ering that endometrial and breast cancers were applied in 
the model post menopause only (with a menopausal aver-
age age of 48 years), the benefits accrued with a 2-year 
weight-loss in this population were smaller compared to 
a cohort receiving treatment at and post-menopause.

This study has some limitations pertaining to the 
model structure and parameters. First, there is uncer-
tainty regarding whether a short-term reduction in 
weight and improvement in other cardiovascular risk fac-
tors, depending on the duration of treatment, will lead to 
a decrease in the occurrence of complications and mor-
tality in individuals who have been obese for an extended 
period of time. The Swedish Obese Subjects trial [22] 
provides evidence that supports this. However, it is worth 
noting that the average weight loss achieved through bar-
iatric surgery in this trial was approximately 23% in the 
first year, and was maintained at 18% up to 20 years after 
the initial surgery [40]. While other case-control stud-
ies [41] have explored the association between weight 
reduction and obesity-related complications, longer-term 
studies and other methodologies are needed to estab-
lish a causal link between the weight loss achieved with 
semaglutide and the reduction or delay of complications 
over an individual’s lifetime. Such evidence does exist 
for semaglutide in individuals with T2D, CV disease, or 
chronic kidney disease (SUSTAIN-6 NCT01720446) 
[42]. In this context, lower doses of semaglutide (0.5 and 
1.0  mg) were significantly associated with a 39% reduc-
tion in non-fatal stroke compared to placebo over a 
median follow-up of 2.1 years, and a non-significant 26% 
reduction in non-fatal myocardial infarction compared to 
placebo.

Other limitations pertain to the selection of risk equa-
tions. One primary concern is that none of the risk equa-
tions employed in the analysis were estimated for the 
Portuguese population. Therefore, there is uncertainty 
regarding the extent to which the overall level of risk 
utilized in the model, as well as the reduction in risks, 
can be generalized to the Portuguese population. There 
are, at present, no available risk equations for the Portu-
guese population. Therefore, the QRisk3, QDiabetes, and 
UKPDS82 risk equations based on the UK population, 
may be suitable proxies.

Moreover, efficacy data for semaglutide beyond the 
duration of the STEP 1 (68 weeks) and STEP 5 (104 
weeks) trials are lacking. Real-life estimates are needed 
to determine the extent of treatment continuation and 
assess its long-term efficacy. It is only through the avail-
ability and use of the product in clinical practice that 
real-world data on its long-term costs and benefits can be 
obtained.

Additionally, obesity is associated with several compli-
cations, many of which not included in the model. The 
model has however included those complications that 
were considered most impactful in terms of disease and 
economic burden. With this in mind, the full spectrum 
of potential benefits and cost savings related to weight 
reduction could not be captured, and current results may 
be an underestimation of the full impact of this treatment 
option. For instance, the model did not account for the 
microvascular complications arising from the progres-
sion of T2D and the decline of beta-cell function lead-
ing to insulin resistance, hence nor the related changes 
in costs and quality of life over time. Instead, a single 
cost and quality of life parameter for T2D were applied 
throughout the analysis period. This approach may have 
resulted in an overestimation of T2D costs in the early 
years and an underestimation in the later years, poten-
tially offsetting each other’s effects.

Finally, there may be some double-counting of mor-
tality cases in the model when both disease-specific 
mortality and all-cause BMI-dependent mortality are 
considered. Yet, the inclusion of mortality due to diseases 
modelled only can be expected to result in an underesti-
mation of mortality [17, 18], and more so in those with 
higher baseline BMI [43]. Indeed, many population-
level studies, including Bhaskaran et al. [35], have found 
an increased risk of death with increasing weight going 
beyond the causes currently considered in the COM, 
such as communicable diseases, liver cirrhosis and liver 
and kidney cancers, heart failure and atrial fibrillation to 
name a few. Henceforth, without considering the mor-
tality due to these additional causes, the total life expec-
tancy predicted with the model may lose face validity, 
especially in populations with higher BMI.



Page 10 of 11Silva Miguel et al. Diabetology & Metabolic Syndrome           (2024) 16:97 

Conclusions
Semaglutide 2.4 mg was estimated to be a cost-effective 
treatment alternative to D&E alone for patients with 
BMI ≥ 30  kg/m2 and at least one weight related comor-
bidity, in the Portuguese setting, at a WTP of 20,000 EUR 
per QALY gained. The results were sensitive to the use of 
different treatment estimands and other input and struc-
tural assumptions, with longer use of semaglutide 2.4 mg 
for 3 and 6 years remaining cost-effective.

Abbreviations
BMI	� Body mass index
BP	� Blood pressure
CEAC	� Cost-effectiveness acceptability curve
CHEERS	� Consolidated Health Economic Evaluation Reporting Standards
COM	� Core Obesity Model
DGS	� Direção Geral da Saúde
D&E	� Diet and exercise
EMA	� European Medicines Agency
GLP-1	� glucagon-like peptide-1
HDL	� High density lipoprotein
ICER	� Incremental cost-effectiveness ratio
LY	� Life years
MI	� Myocardial infarction
NHS	� National Health Service
SPEO	� Sociedade Portuguesa para o Estudo da Obesidade
STEP	� Semaglutide Treatment Effect in People with obesity program
SBP	� Systolic blood pressure
TIA	� Transient ischemic attack
T2D	� Type 2 diabetes
WTP	� Willingness to pay

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13098-024-01338-4.

Supplementary Material 1

Acknowledgements
We would like to thank Administração Central do Sistema de Saúde, I.P., for 
their access to Portuguese hospital morbidity database (Base de dados de 
morbilidade hospitalar).

Author contributions
MS conducted the sourcing and adaptation of the costs to the Portuguese 
setting. AVO did the programming of the global model, designed the analytic 
approach of the local analyses and adaptation, reviewed the adaptation, and 
conducted and reported the cost-effectiveness analyses herein presented. FS 
wrote the presented manuscript. LSM, MB and JC advised on the local costing 
and reviewed the analytic approach and analyses conducted. VC contributed 
to the design of the analytic approach for the local analyses and adaptation 
of the model, and reviewed the cost-effectiveness analyses. ML designed 
the global model. SS conducted local adaptations and analyses. All authors 
reviewed and approved the manuscript.

Funding
The research was funded by Novo Nordisk.

Data availability
There is a restriction applied to the data that support the findings of this 
study; therefore, they are not publicly available. Data are, however, available 
from the authors upon contract agreement and with the permission of Novo 
Nordisk. Please contact the corresponding author.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare: MS, AVO, LSM and MB are employees of IQVIA. ML 
and SS were employees of IQVIA at the time of manuscript development. 
FS is employed by Uppsala University. JC is a member of Laboratório de 
Farmacologia Clínica e Terapêutica, Faculdade de Medicina, Universidade 
de Lisboa. Both JC and FS are external consultants of IQVIA. VC is employed 
by Novo Nordisk. The authors have no other relevant affiliations or financial 
involvement with any organization or entity with a financial interest in 
or financial conflict with the subject matter or materials discussed in the 
manuscript apart from those disclosed.

Received: 14 March 2024 / Accepted: 15 April 2024

References
1.	 Seidell JC, Halberstadt J. The global burden of obesity and the challenges of 

prevention. Ann Nutr Metab. 2015;66(Suppl 2):7–12.
2.	 Bray GA, Kim KK, Wilding JPH. Obesity: a chronic relapsing progressive disease 

process. A position statement of the World Obesity Federation. Obes. Rev. an 
Off. J. Int. Assoc. Study Obes. England; 2017. pp. 715–23.

3.	 Gaio V, Antunes L, Namorado S, Barreto M, Gil A, Kyslaya I, et al. Prevalence of 
overweight and obesity in Portugal: results from the First Portuguese Health 
Examination Survey (INSEF 2015). Obes Res Clin Pract. 2018;12:40–50.

4.	 Oliveira A, Araújo J, Severo M, Correia D, Ramos E, Torres D, et al. Prevalence of 
general and abdominal obesity in Portugal: comprehensive results from the 
National Food, nutrition and physical activity survey 2015–2016. BMC Public 
Health. 2018;18:614.

5.	 Guh DP, Zhang W, Bansback N, Amarsi Z, Birmingham CL, Anis AH. The 
incidence of co-morbidities related to obesity and overweight: a systematic 
review and meta-analysis. BMC Public Health. 2009;9:88.

6.	 Obesity costs Portugal. 1.2 billion euros a year - Expatica Por-
tugal [Internet]. https://www.expatica.com/pt/news/
obesity-costs-portugal-1-2-billion-euros-a-year-103471/.

7.	 Bray GA, Frühbeck G, Ryan DH, Wilding JPH. Management of obesity. Lancet 
(London England). 2016;387:1947–56.

8.	 Ryan DH, Kahan S. Guideline recommendations for obesity management. 
Med Clin North Am. 2018;102:49–63.

9.	 Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastreboff AM, 
AMERICAN ASSOCIATION OF CLINICAL ENDOCRINOLOGISTS AND AMERICAN 
COLLEGE OF ENDOCRINOLOGY COMPREHENSIVE CLINICAL PRACTICE GUIDE-
LINES FOR MEDICAL CARE OF PATIENTS WITH OBESITY, et al. Endocr Pract off J 
Am Coll Endocrinol Am Assoc Clin Endocrinol. 2016;22(Suppl 3):1–203.

10.	 Yumuk V, Tsigos C, Fried M, Schindler K, Busetto L, Micic D, et al. European 
Guidelines for Obesity Management in adults. Obes Facts. 2015;8:402–24.

11.	 Expert Panel Report. Guidelines (2013) for the management of overweight 
and obesity in adults. Obes (Silver Spring). 2014;22(Suppl 2):S41–410.

12.	 Sociedade Portuguesa para o Estudo da Obesidade (SPEO). Tratamento não 
cirúrgico da Obesidade do Adulto. 2018;1–93. https://www.speo-obesidade.
pt/documentos/.

13.	 Direção-Geral da Saúde. Obesidade: Otimização da abordagem terapêutica 
no Serviço Nacional de Saúde. Programa Nac. para a Promoção da Aliment. 
Saudável. 2017.

14.	 Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay I, et al. 
Once-weekly semaglutide in adults with overweight or obesity. N Engl J Med. 
2021;384:989–1002.

15.	 Davies M, Færch L, Jeppesen OK, Pakseresht A, Pedersen SD, Perreault L, et 
al. Semaglutide 2·4 mg once a week in adults with overweight or obesity, 
and type 2 diabetes (STEP 2): a randomised, double-blind, double-dummy, 
placebo-controlled, phase 3 trial. Lancet (London England). 2021;397:971–84.

16.	 Holmes M. Literature review for evidence to populate the Novo obesity 
model - final report. Unpublished. 2017.

https://doi.org/10.1186/s13098-024-01338-4
https://doi.org/10.1186/s13098-024-01338-4
https://www.expatica.com/pt/news/obesity-costs-portugal-1-2-billion-euros-a-year-103471/
https://www.expatica.com/pt/news/obesity-costs-portugal-1-2-billion-euros-a-year-103471/
https://www.speo-obesidade.pt/documentos/
https://www.speo-obesidade.pt/documentos/


Page 11 of 11Silva Miguel et al. Diabetology & Metabolic Syndrome           (2024) 16:97 

17.	 Lopes S, Meincke HH, Lamotte M, Olivieri A-V, Lean MEJ. A novel decision 
model to predict the impact of weight management interventions: the core 
obesity model. Obes Sci Pract. 2021;7:269–80.

18.	 Lopes S, Johansen P, Lamotte M, McEwan P, Olivieri A-V, Foos V. External vali-
dation of the core obesity model to assess the cost-effectiveness of Weight 
Management interventions. PharmacoEconomics. 2020;38:1123–33.

19.	 Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg D, et al. 
Consolidated health economic evaluation reporting standards (CHEERS)-
explanation and elaboration: a report of the ISPOR health economic evalu-
ation publication guidelines good reporting practices task force. Value Heal. 
2013;16:231–50.

20.	 Garvey WT, Batterham RL, Bhatta M, Buscemi S, Christensen LN, Frias JP, et 
al. Two-year effects of semaglutide in adults with overweight or obesity: the 
STEP 5 trial. Nat Med. 2022;28:2083–91.

21.	 Ara R, Blake L, Gray L, Hernández M, Crowther M, Dunkley A, et al. What is 
the clinical effectiveness and cost-effectiveness of using drugs in treating 
obese patients in primary care? A systematic review. Health Technol Assess. 
2012;16:iii–xiv.

22.	 Sjöström L, Lindroos A-K, Peltonen M, Torgerson J, Bouchard C, Carlsson B, et 
al. Lifestyle, diabetes, and cardiovascular risk factors 10 years after bariatric 
surgery. N Engl J Med. 2004;351:2683–93.

23.	 Demssie YN, Jawaheer J, Farook S, New JP, Syed AA. Metabolic outcomes 1 
year after gastric bypass surgery in obese people with type 2 diabetes. Med 
Princ Pract Int J Kuwait Univ Heal Sci Cent. 2012;21:125–8.

24.	 Hippisley-Cox J, Coupland C, Brindle P. Development and validation of 
QRISK3 risk prediction algorithms to estimate future risk of cardiovascular 
disease: prospective cohort study. BMJ. 2017;357:j2099.

25.	 D’Agostino RB, Russell MW, Huse DM, Ellison RC, Silbershatz H, Wilson PW, 
et al. Primary and subsequent coronary risk appraisal: new results from the 
Framingham study. Am Heart J. 2000;139:272–81.

26.	 Wilson PWF, Meigs JB, Sullivan L, Fox CS, Nathan DM, D’Agostino RBS. Predic-
tion of incident diabetes mellitus in middle-aged adults: the Framingham 
offspring study. Arch Intern Med. 2007;167:1068–74.

27.	 Young T, Shahar E, Nieto FJ, Redline S, Newman AB, Gottlieb DJ, et al. Predic-
tors of sleep-disordered breathing in community-dwelling adults: the Sleep 
Heart Health Study. Arch Intern Med. 2002;162:893–900.

28.	 Statistics Portugal. [Instituto Nacional de Estatística]. Censo 2021. 2021.
29.	 Wendelboe AM, Hegmann KT, Biggs JJ, Cox CM, Portmann AJ, Gildea JH, et al. 

Relationships between body mass indices and surgical replacements of knee 
and hip joints. Am J Prev Med. 2003;25:290–5.

30.	 International Agency for Research on Cancer. Estimated number of new 
cases of cancer in 2020, World, both sexes, all ages 2022. Cancer Today.

31.	 Schlesinger S, Lieb W, Koch M, Fedirko V, Dahm CC, Pischon T, et al. 
Body weight gain and risk of colorectal cancer: a systematic review and 

meta-analysis of observational studies. Obes Rev off J Int Assoc Study Obes. 
2015;16:607–19.

32.	 Renehan AG, Zwahlen M, Egger M. Adiposity and cancer risk: new mechanis-
tic insights from epidemiology. Nat Rev Cancer. 2015;15:484–98.

33.	 Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and 
incidence of cancer: a systematic review and meta-analysis of prospective 
observational studies. Lancet (London England). 2008;371:569–78.

34.	 Statistics Portugal. [Instituto Nacional de Estatística]. Life Table 2021.
35.	 Bhaskaran K, Dos-Santos-Silva I, Leon DA, Douglas IJ, Smeeth L. Associa-

tion of BMI with overall and cause-specific mortality: a population-based 
cohort study of 3·6 million adults in the UK. Lancet Diabetes Endocrinol. 
2018;6:944–53.

36.	 Kral P, Holst-hansen T, Olivieri A, Ivanescu C, Lamotte M, Larsen S. The associa-
tion of body mass index and health-related quality of life: data from two 
weight-loss interventional studies. 2022.

37.	 Sandhu H, Xu W, Olivieri A-V, Lübker C, Smith I, Antavalis V. Once-Weekly 
Subcutaneous Semaglutide 2.4 mg injection is cost-effective for Weight Man-
agement in the United Kingdom. Adv Ther. 2023;40:1282–91.

38.	 Olivieri A-V, Muratov S, Larsen S, Luckevich M, Chan K, Lamotte M et al. 
Cost-effectiveness of weight-management pharmacotherapies in Canada: 
a societal perspective. Int J Obes [Internet]. 2024; https://www.nature.com/
articles/s41366-024-01467-w.

39.	 Kim N, Wang J, Burudpakdee C, Song Y, Ramasamy A, Xie Y, et al. Cost-effec-
tiveness analysis of semaglutide 2.4 mg for the treatment of adult patients 
with overweight and obesity in the United States. J Manag care Spec Pharm. 
2022;28:740–52.

40.	 Sjöström L. Review of the key results from the Swedish obese subjects (SOS) 
trial - a prospective controlled intervention study of bariatric surgery. J Intern 
Med. 2013;273:219–34.

41.	 Mariam A, Miller-Atkins G, Pantalone KM, Iyer N, Misra-Hebert AD, Milinovich 
A, et al. Associations of weight loss with obesity-related comorbidities in a 
large integrated health system. Diabetes Obes Metab. 2021;23:2804–13.

42.	 Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, et al. Sema-
glutide and Cardiovascular outcomes in patients with type 2 diabetes. N Engl 
J Med. 2016;375:1834–44.

43.	 Lopes S, Grand T, Johansen P, Lamotte M, Olivieri AV. IDF21-0653 exploring 
different ways to predict mortality in a cost-effectiveness model for obesity. 
Diabetes Res Clin Pract. 2022;186.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.nature.com/articles/s41366-024-01467-w
https://www.nature.com/articles/s41366-024-01467-w

	﻿Cost-effectiveness of semaglutide 2.4 mg in chronic weight management in Portugal
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Model description
	﻿Modelled population
	﻿Model inputs
	﻿Treatment effects and parameter progression
	﻿Complications
	﻿Mortality
	﻿Utilities
	﻿Healthcare resource use and cost inputs


	﻿Sensitivity analyses
	﻿Results
	﻿Base case analysis
	﻿Univariate sensitivity analysis
	﻿Scenario analysis
	﻿Probabilistic sensitivity analyses

	﻿Discussion
	﻿Conclusions
	﻿References


