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Abstract

Aim: To investigate the effects of once-weekly subcutaneous (s.c.) semaglutide

2.4 mg on gastric emptying, appetite, and energy intake in adults with obesity.

Materials and Methods: A double-blind, parallel-group trial was conducted in

72 adults with obesity, randomized to once-weekly s.c. semaglutide (dose-escalated

to 2.4 mg) or placebo for 20 weeks. Gastric emptying was assessed using paraceta-

mol absorption following a standardized breakfast. Participant-reported appetite rat-

ings and Control of Eating Questionnaire (CoEQ) responses were assessed, and

energy intake was measured during ad libitum lunch.

Results: The area under the concentration–time curve (AUC) for paracetamol 0 to

5 hours after a standardized meal (AUC0–5h,para; primary endpoint) was increased by

8% (P = 0.005) with semaglutide 2.4 mg versus placebo at week 20 (non-significant

when corrected for week 20 body weight; P = 0.12). No effect was seen on AUC0–1h,

para, maximum observed paracetamol concentration, or time to maximum observed

paracetamol concentration. Ad libitum energy intake was 35% lower with semaglutide

versus placebo (1736 versus 2676 kJ; estimated treatment difference −940 kJ;

P <0.0001). Semaglutide reduced hunger and prospective food consumption, and

increased fullness and satiety when compared with placebo (all P <0.02). The CoEQ

indicated better control of eating and fewer/weaker food cravings with semaglutide

versus placebo (P <0.05). Body weight was reduced by 9.9% with semaglutide and

0.4% with placebo. Safety was consistent with the known profile of semaglutide.

Conclusions: In adults with obesity, once-weekly s.c. semaglutide 2.4 mg suppressed

appetite, improved control of eating, and reduced food cravings, ad libitum energy

intake and body weight versus placebo. There was no evidence of delayed gastric

emptying at week 20, assessed indirectly via paracetamol absorption.
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1 | INTRODUCTION

Obesity is a growing global health crisis placing substantial burden on

healthcare systems, with excess weight contributing to a range of det-

rimental effects, including increased risk of type 2 diabetes (T2D), car-

diovascular disease, and mortality.1,2 Despite the importance of

weight loss in improving health outcomes for patients with

overweight/obesity,1,2 relatively few pharmacotherapies are approved

for weight management.3

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) were

initially developed for improvement of glycaemic control in T2D.4

Following the observation of weight reductions in T2D,4 GLP-

1RAs were studied in patients with overweight or obesity,5,6 and

a single agent (liraglutide 3 mg) is currently approved for weight

management.7,8 While liraglutide provided clinically relevant

reductions in body weight of 5.4% relative to placebo in a pivotal

study in overweight/obese patients,6 there remains an unmet

need for those patients for whom weight loss ≥10% is rec-

ommended.1,2 Furthermore, other available antiobesity agents fail

to achieve ≥10% weight loss and some are associated with safety

concerns,3,9 highlighting the need for effective, well-tolerated

treatments.

Semaglutide is a GLP-1RA approved for the treatment of T2D

as a once-weekly subcutaneous (s.c.) injection at doses up to

1.0 mg, and as a once-daily oral tablet (up to 14 mg), which is the

first oral formulation of a GLP-1RA.10–13 In phase 3 studies in

patients with T2D, s.c. semaglutide 1.0 mg reduced body weight

from baseline by up to 6.5 kg (at timepoints ranging from 30 to

104 weeks), with two to three times greater reductions than with

other studied GLP-1RAs.14–23 Semaglutide lowers body weight by

reducing appetite and hunger, increasing satiety, reducing food crav-

ings, altering food preferences and reducing energy intake.24,25 An

initial phase 2 dose-ranging study in patients with obesity demon-

strated clinically relevant weight loss with s.c. semaglutide, when

given as once-daily doses of up to 0.4 mg.5 Once-weekly

s.c. semaglutide is now in clinical development for weight manage-

ment in patients with overweight/obesity, within the phase

3 Semaglutide Treatment Effect in People with obesity (STEP) trial

programme, which is investigating the efficacy of once-weekly

s.c. semaglutide 2.4 mg.26

In addition to their effects on regulation of energy intake

and body weight, GLP-1RAs have been associated with delayed

gastric emptying,4,27,28 which has the potential to affect the

absorption of concomitantly administered oral agents.7,8,10–13 A

12-week study with semaglutide 1.0 mg in subjects with obesity

indicated a delay in first hour gastric emptying.29 We therefore

conducted the present phase 1 trial in adults with obesity, with

two main objectives: the primary objective was to investigate the

effect of once-weekly s.c. semaglutide 2.4 mg on gastric empty-

ing; the secondary objective was to investigate the effect of the

2.4 mg dose on appetite and energy intake, to provide further

insight into the weight-reducing mechanism of action of

semaglutide in obesity.

2 | MATERIALS AND METHODS

2.1 | Trial design

A single-centre, randomized, double-blind, placebo-controlled, parallel-

group, phase 1 trial was conducted in Germany (NCT03842202). The

trial consisted of a 20-week treatment period (including 21 doses of

study drug) and a 7-week follow-up (Figure 1). The trial adhered to the

Declaration of Helsinki and International Conference on

Harmonisation Good Clinical Practice Guidelines, and was approved

by the relevant institutional, ethical and regulatory bodies.

2.2 | Trial population

Participants were men and women, aged 18 to 65 years, with body

mass index (BMI) of 30.0 to 45.0 kg/m2. Informed consent was

required before trial-related activities. Exclusion criteria included: clin-

ically significant body weight change (≥5%) or dieting attempts in the

prior 90 days; use of medications in the prior 14 days (other than con-

traceptives, occasional paracetamol or acetylsalicylic acid, or stable

doses of antihypertensives or lipid-lowering drugs); use of weight-

lowering drugs or drugs that may cause weight gain within the prior

12 months; presence of gastrointestinal disorders or symptoms of

such disorders that may affect absorption of drugs or nutrients; prior

obesity surgery or presence of gastrointestinal implant; and glycated

haemoglobin (HbA1c) ≥48 mmol/mol or fasting glucose ≥7.0 mmol/L.

2.3 | Interventions

Participants were randomized equally to once-weekly s.c. semaglutide

2.4 mg (initially undergoing a 16-week dose-escalation consisting of

0.25, 0.5, 1.0 and 1.7 mg once weekly for 4 weeks each, followed by

2.4 mg for five doses; 21 doses in total over 20 weeks) or volume-

matched placebo (with matching dose-escalation procedure; Figure 1).

The randomization schedule was generated by the sponsor before the

trial, and participants were assigned randomization numbers in

ascending numerical order at the trial site. Participants were

instructed to inject their allocated study drug on the same day each

week (any time of day, irrespective of meals).

2.4 | Endpoints

The primary endpoint compared the effect of once-weekly

s.c. semaglutide 2.4 mg and placebo on gastric emptying assessed by

the paracetamol absorption method at week 20, using the area under

the concentration–time curve (AUC) for paracetamol 0 to 5 hours

after a standardized meal (AUC0–5h,para). Paracetamol is commonly

used as an indirect marker for gastric emptying,30 and its use provided

an approach consistent with a previous study of s.c. semaglutide

1.0 mg.29 Secondary endpoints related to gastric emptying included
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paracetamol AUC from 0 to 1 hour after a standardized meal

(AUC0–1h,para), maximum observed paracetamol concentration

(Cmax,para) and time to maximum observed paracetamol concentration

(tmax,para).

Energy intake during the ad libitum lunch was compared between

semaglutide and placebo at week 20 as a secondary endpoint.

The effect of semaglutide compared with placebo on appetite

was assessed using mean postprandial participant-reported visual ana-

logue scale (VAS) appetite ratings following a standardized breakfast

meal at week 20, focusing on hunger, fullness, satiety, prospective

food consumption and overall appetite suppression score (secondary

endpoints). Additional exploratory endpoints included assessment of

fasting and mean postprandial change from fasting ratings for VAS

items measuring thirst, nausea and well-being following a standard-

ized breakfast. Participant-reported control of eating was evaluated as

an exploratory endpoint using the Control of Eating Questionnaire

(CoEQ),31 completed at week 20.

2.5 | Procedures and assessments

Following screening, eligible participants attended a 2-day in-house

stay at the study centre. The first day of the in-house stay was a train-

ing day before the start of the treatment period, during which partici-

pants were familiarized with the study tasks and received an ad

libitum meal (no data were collected). A 5-hour standardized meal test

was performed on day 1 of the study (prior to initiating treatment

[baseline timepoint]) and during a return visit on day 142 (the day

after administration of the final dose of study drug, at the end of the

20-week treatment period; Figure 1). The meal test consisted of a

breakfast meal of approximately 600 kcal (macronutrient composition

of �30 energy percentage [E%] fat, �15 E% protein and �55 E% car-

bohydrate), which participants were required to ingest within

15 minutes. A yoghurt containing paracetamol 1500 mg was included

as part of the meal. Blood was sampled for paracetamol concentration

using a venous catheter before the start of the meal (baseline), and at

regular timepoints thereafter, for up to 5 hours postprandially, and

participants completed several VAS 1 to 3 minutes prior to blood sam-

pling. These VAS assessed appetite (hunger, satiety, fullness and pro-

spective food consumption), thirst, well-being and nausea. A 100 mm

scale was used, with the ends indicating the most extreme sensation

the participants had ever experienced. The participants subsequently

received an ad libitum lunch meal in excess, approximately 5 hours

after the scheduled completion of the breakfast meal at baseline and

after 20 weeks, and food consumption (kJ) was recorded. The partici-

pants were instructed to eat until they were pleasantly satiated.

The participants completed the CoEQ on day −1 (baseline for this

analysis) and day 141, based on their experience over the prior 7 days,

with ratings for each question recorded on a 100 mm VAS. The ques-

tionnaire included 19 questions relating to control of eating, intensity,

frequency and type of food craving, appetite/hunger sensations

and mood.

Body weight was recorded at baseline and after 20 weeks, and

during the follow-up period. Safety assessments included adverse

F IGURE 1 Trial design. OW, once weekly; s.c. subcutaneous
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event (AE) reporting, assessment of vital signs and laboratory tests

(biochemistry, haematology and glucose metabolism).

2.6 | Statistical analysis

A sample size of 29 completers per treatment group was required to

provide 90% power to detect a half-width of the 95% confidence

interval (CI) for the log-transformed treatment ratio of 0.15 for the

primary endpoint, assuming a standard deviation (SD) of 0.25 (based

on a previous trial).24 Assuming an estimated drop-out rate of 20%,

36 participants were planned to be randomized per group.

Statistical comparisons between groups were conducted using

two-sided tests and at a 5% significance level. For the primary end-

point (AUC0–5,para), data were log-transformed and analysed using an

analysis of covariance (ANCOVA) model, with baseline as covariate

and treatment as factor, and results presented as treatment ratio with

95% CI. Secondary endpoints were analysed in a similar way to the

primary endpoint, but without log-transformation for those relating to

ad libitum energy intake and appetite VAS. Mean postprandial values

were calculated as the AUC for VAS ratings over 30 to 300 minutes

after the standardized breakfast, divided by 270 minutes. For the

appetite VAS, the overall appetite suppression score was calculated as

the average of the four components: (satiety + fullness + [100 –

hunger] + [100 – prospective food consumption]) / 4. Descriptive sta-

tistics were used for exploratory endpoints (except for CoEQ),

changes in body weight and safety assessments.

The exploratory CoEQ endpoint was analysed using ANCOVA

models for each CoEQ question, with change from baseline as

response, baseline value of the respective question as covariate and

treatment as factor. This approach differed from the prespecified

methodology, which did not account for the baseline value. Addi-

tional post hoc analyses included analysis of the primary endpoint

using an ANCOVA model, with log-transformed body weight at

week 20 as an additional covariate, and analysis of percentage

change in ad libitum energy intake from baseline to week 20 using

an ANCOVA model with energy intake at baseline as covariate and

treatment as factor.

3 | RESULTS

3.1 | Trial population

Seventy-two participants were enrolled between February and April

2019, and randomized to once-weekly s.c. semaglutide 2.4 mg

(n = 36) or placebo (n = 36; Figure S1). Almost all participants (97.2%)

completed the study; one participant in the semaglutide group with-

drew consent before study end, and one participant in the placebo

group was withdrawn following an AE (colonic abscess). Demo-

graphics and baseline characteristics were generally comparable

between the groups; the majority of participants were men (61.1%),

the mean age was 42.8 years, the mean body weight was 105.5 kg

and the mean BMI was 34.4 kg/m2 (Table 1).

3.2 | Gastric emptying

The AUC0–5h,para was 8% higher in the s.c. semaglutide 2.4 mg group

compared with the placebo group at week 20 (estimated treatment

ratio [ETR] 1.08; P = 0.0054). The difference in AUC0–5h,para between

groups was no longer statistically significant when adjusted for body

weight at week 20 in a post hoc analysis (ETR 1.05; P = 0.1218). No

differences were found between semaglutide and placebo for other

endpoints, including AUC0–1h,para (unadjusted ETR 0.99 [P = 0.8474];

body-weight-adjusted ETR 0.94 [P = 0.3069]), Cmax,para (unadjusted

ETR 0.94 [P = 0.3299]; body-weight-adjusted ETR 0.90 [P = 0.1464])

and tmax,para (unadjusted ETR 1.02 [P = 0.7540]; body-weight-adjusted

ETR 1.02 [P = 0.7861]; Table S1; Figure S2). Median tmax,para was

0.50 hours in both the semaglutide and placebo groups at week 20.

TABLE 1 Demographics and baseline characteristics

Semaglutide s.c. 2.4 mg (N = 36) Placebo (N = 36) Total (N = 72)

Age, years 40.7 (12.2) 45.0 (9.5) 42.8 (11.1)

Sex, n (%)

Male 24 (66.7) 20 (55.6) 44 (61.1)

Female 12 (33.3) 16 (44.4) 28 (38.9)

Race, n (%)

Black or African American 1 (2.8) 0 (0.0) 1 (1.4)

White 35 (97.2) 36 (100.0) 71 (98.6)

Ethnicity, n (%)

Not Hispanic or Latino 36 (100.0) 36 (100.0) 72 (100.0)

Body weight, kg 106.2 (16.2) 104.9 (14.0) 105.5 (15.0)

BMI, kg/m2 34.2 (3.0) 34.6 (3.1) 34.4 (3.0)

Note: Data are mean (standard deviation), unless otherwise stated.

BMI, body mass index; s.c., subcutaneous
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3.3 | Ad libitum energy intake

The estimated mean ad libitum energy intake during lunch at week

20 was 35% lower in the s.c. semaglutide 2.4 mg group (mean

1736 kJ) compared with the placebo group (mean 2676 kJ; Figure 2A

[see Table S2 for kcal values]). Relative to baseline, this represented a

reduction of 1577 kJ at week 20 in the semaglutide 2.4 mg group

compared with 637 kJ in the placebo group (estimated treatment dif-

ference [ETD] −940 kJ; P <0.0001; Figure 2B). When analysed in

terms of the percentage change from baseline to week 20, estimated

mean energy intake was reduced by 47.1% with semaglutide versus

18.6% with placebo (ETD 28.5%; P = 0.0001; post hoc analysis;

Figure S3).

3.4 | Appetite

After a standardized breakfast, hunger and prospective food con-

sumption VAS ratings were reduced, and fullness and satiety

increased, with s.c. semaglutide 2.4 mg versus placebo (P <0.02 for all;

Figure 3). The overall postprandial appetite suppression score after

the standardized breakfast was higher with semaglutide versus pla-

cebo (ETD 13 mm; P = 0.001 [Figures 3 and S4]).

Ratings for thirst were similar in the s.c. semaglutide 2.4 mg group

and placebo group at week 20. Overall, the mean ratings for nausea at

week 20 were low in both groups and mean well-being ratings were

high (exploratory endpoints; data not shown).

3.5 | Control of eating and food cravings

Participants' CoEQ scores at week 20 showed lower hunger with

s.c. semaglutide 2.4 mg compared with placebo, better control of eat-

ing, and fewer and weaker food cravings, including reductions in both

desire and craving for savoury foods, desire for sweet foods and crav-

ing for dairy foods (P <0.05 for all; Figure 4). In addition, fullness and

contentment appeared increased with semaglutide compared with

placebo (P <0.05).

3.6 | Body weight

By week 20, body weight was reduced from baseline by a mean

(SD) of 10.4 kg (6.3) with s.c. semaglutide 2.4 mg and 0.4 kg (2.6) with

placebo (descriptive statistics only), representing relative reductions

from baseline of 9.9% and 0.4%, respectively.

3.7 | Safety

The number of participants reporting AEs was broadly similar in the s.c.

semaglutide 2.4 mg group (29 participants [80.6%]) and placebo group

(33 participants [91.7%]; Table S3). All AEs were mild or moderate in

severity, with the exception of a single severe, serious AE

(colonic abscess) in the placebo group, which led to trial withdrawal.

F IGURE 2 Ad libitum lunch energy intake at
week 20 (A) and change from baseline in ad
libitum lunch energy intake at week 20 (B).
Estimates were calculated from analysis of
covariance (ANCOVA) models using baseline
energy intake of 3313 kJ, which corresponds to
the average baseline value for all participants
(semaglutide and placebo groups) who contributed
to the analysis. ‡Obtained from an ANCOVA

model with energy intake at baseline as a
covariate and treatment as a factor. †Obtained
from an ANCOVA model with change from
baseline value to week 20 as response, energy
intake at baseline as a covariate and treatment as
a factor. CI, confidence interval; ETD, estimated
treatment difference; s.c., subcutaneous

F IGURE 3 Postprandial appetite ratings after standardized
breakfast at week 20. Overall appetite suppression score calculated
as: (satiety + fullness + [100 – hunger] + [100 – prospective food
consumption]) / 4. Each endpoint was analysed using the analysis of
covariance model with baseline value of the respective endpoint as
covariate and treatment as factor. The figure shows the estimated
treatment difference for semaglutide versus placebo (boxes) and 95%
confidence interval (whiskers). CI, confidence interval; ETD, estimated
treatment difference; VAS, visual analogue score
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One serious AE was reported in the semaglutide group (injury-related

after a motorcycle accident).

Decreased appetite was the AE reported by the greatest number

of participants, and occurred in more participants with semaglutide

than placebo (Table S3). Gastrointestinal AEs were reported more fre-

quently in the semaglutide group (25 participants [69.4%]) compared

with the placebo group (14 participants [38.9%]), with nausea and

diarrhoea most commonly reported. Such events were all mild or

moderate in severity and generally of short duration.

4 | DISCUSSION

This trial investigated the effect of once-weekly s.c. semaglutide

2.4 mg on gastric emptying, appetite and energy intake in participants

with obesity. Using paracetamol absorption as an indirect measure for

gastric emptying, we found no evidence of delayed gastric emptying

with semaglutide 2.4 mg at week 20. Meal tests showed a reduction

in appetite and energy intake with semaglutide relative to placebo,

together with better control of eating, fewer and weaker food crav-

ings, and clinically meaningful reductions in body weight.

Prior studies of GLP-1RAs on gastric emptying, energy intake and

appetite have typically been of shorter durations and therefore often

used crossover designs to reduce within-participant variability,24,28,29

as used in a prior 12-week trial of s.c. semaglutide 1.0 mg in subjects

with obesity.24 In contrast, the present study used a parallel-group

design, given that a 20-week treatment period was required to allow

gradual dose-escalation to the 2.4 mg dose. In this study we instead

accounted for within-participant variation by including a baseline eval-

uation and integrating this within the statistical analyses. In addition,

baseline demographics and clinical characteristics were similar overall

between the two groups.

Delayed gastric emptying would be anticipated to slow paraceta-

mol absorption, and paracetamol absorption is therefore generally

accepted as an indirect measure for gastric emptying. Semaglutide

2.4 mg was associated with a statistically significant 8% increase in

paracetamol AUC0–5h versus placebo, which might be partially

explained by substantially lower body weight in the semaglutide group

compared with placebo at week 20 (greater body weight is associated

with reduced paracetamol absorption rates and increased clear-

ance32,33). This was confirmed by a post-hoc analysis, which found that

the difference in AUC0–5h,para between semaglutide and placebo was

no longer statistically significant after adjusting for week 20 body

weight. No differences were found between semaglutide and placebo

for other paracetamol endpoints, with or without adjustment for week

20 body weight. We observed no reduction in paracetamol absorption

(AUC0–5h, AUC0–1h or Cmax) with once-weekly s.c. semaglutide 2.4 mg

versus placebo at week 20, and no effect on tmax,para. In contrast, the

12-week crossover study of once-weekly s.c. semaglutide 1.0 mg

reported a delay in paracetamol-assessed gastric emptying over the first

F IGURE 4 Control of eating and food cravings evaluated by the Control of Eating Questionnaire visual analogue scale at week 20. The
Control of Eating Questionnaire was completed by participants at the end of the 20-week treatment period (day 141), based on their experience
over the prior 7 days. Individual scores for each question were analysed using separate analysis of covariance models with change from baseline
as response, baseline value of respective question as a covariate and treatment as factor (post hoc analysis methodology). The figure shows the
estimated treatment difference (ETD) for semaglutide versus placebo (boxes) and 95% confidence interval (whiskers)
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postprandial hour, but similarly found no significant difference in overall

gastric emptying when assessed as paracetamol AUC 0 to 5 hours post-

prandially.29 Similar effects were observed with oral semaglutide in

another crossover study in participants with T2D, also using the para-

cetamol absorption test.34 Our parallel-group study used a higher dose

(2.4 mg once weekly) of semaglutide than that in the s.c. semaglutide

1.0 mg crossover study, and included a longer treatment period than

both of these earlier studies (20 vs. 12 weeks). The absence of delayed

paracetamol-assessed gastric emptying in our trial may therefore relate

to more pronounced tachyphylaxis, arising from the longer treatment

duration; such tachyphylaxis has previously been reported with long-

acting GLP-1RAs.4,28,35

The present study provides further insights into the mechanisms

through which semaglutide mediates body weight loss.

Subcutaneous semaglutide 2.4 mg suppressed postprandial appetite,

including a reduction in hunger and prospective food consumption,

and an increase in satiety and fullness, with participants reporting that

they were able to control their eating with less difficulty relative to

placebo. CoEQ scores suggested an effect in terms of reduced inten-

sity of desire for sweet and savoury foods, and reduced frequency of

craving for dairy and savoury foods. These results are consistent with

the prior study of once-weekly s.c. semaglutide 1.0 mg in participants

with obesity, which similarly reported appetite suppression, improved

control of eating and reduced food craving (particularly for savoury

foods [craving for dairy and desire for sweet/savoury food were not

assessed in that study]).24 In animal studies, the anorexigenic actions

of semaglutide have been shown to arise from effects on the central

nervous system, mediated by GLP-1 receptors in the hypothalamus

and hindbrain.25,36 Such studies suggest that semaglutide directly acti-

vates brain areas that are accessible to the molecule and also causes

indirect secondary modulation of neuronal activity in other brain

areas, including those involved in appetite regulation, food intake,

food preference, reward and meal termination, such as the lateral

parabrachial nucleus.25

Once-weekly s.c. semaglutide 2.4 mg reduced body weight by

9.9% (10.4 kg) from baseline to week 20, in the absence of structured

dietary and exercise intervention, compared with almost no change in

the placebo group (0.4% [0.4 kg]). This reduction appears consistent

with that seen in the phase 2 study with once-daily s.c. semaglutide

0.4 mg in obesity (when taking into account the additional contribu-

tion of structured dietary and physical activity counselling in the

phase 2 study),5 and is twice as great as the 5 kg reduction seen

over 12 weeks in the study of once-weekly s.c. semaglutide

1.0 mg.24 Our results demonstrate clinically relevant weight loss

with once-weekly s.c. semaglutide 2.4 mg in participants with obe-

sity during a relatively short 20-week treatment period (body weight

assessment performed after only 4 weeks on the 2.4 mg dose). A

greater weight loss may be achievable with longer-term treatment,

which is being investigated in phase 3 studies with semaglutide

2.4 mg in adults with obesity.26

The body weight-lowering effects of once-weekly s.c. semaglutide

2.4 mg are likely to be related to reduced energy intake in response to

effects on hedonic and homeostatic control of eating, manifesting as

decreased appetite, increased satiety, reduced hunger, better control of

eating and reduced food cravings. Mean ad libitum energy intake during

lunch was 35% lower with s.c. semaglutide 2.4 mg versus placebo at

week 20. Energy intake reductions were also found with once-weekly

s.c. semaglutide 1.0 mg versus placebo in the crossover study in sub-

jects with obesity, with reductions of 18% to 35% reported across ad

libitum meals (lunch, evening meal and snack box).24 A direct compari-

son of the energy intake results between these two studies is not possi-

ble due to key differences in study design (parallel vs. crossover; 20 vs.

12 weeks' treatment) and analysis methodology (adjustment for base-

line in the present study, but not in the s.c. semaglutide 1.0 mg trial),

and the potential for between-study differences in placebo effect.24 It

should be noted that the ad libitum lunch test used in the present study

represents an isolated assessment of energy intake and may not cap-

ture the overall treatment difference in energy intake throughout the

day, including other meals.

While it has been proposed that delayed gastric emptying could

hypothetically contribute to reduced energy intake and weight loss

with GLP-1RAs, the lack of notable effects of long-acting GLP-1RAs

on gastric emptying renders this an unlikely mechanism for such

agents.37 We did not identify a role for gastric emptying in weight loss

with semaglutide 2.4 mg, based on the paracetamol absorption test.

Overall, the incidence and nature of AEs was consistent with the

known safety and tolerability profile of semaglutide,5,14,24 with no

new safety findings.

Key strengths of the present study include the fact that it was

performed at a single centre, thereby reducing the potential for varia-

tions in study procedures, and the inclusion of a placebo group. While

we did not use the "gold standard" scintigraphy-based approach for

assessing gastric emptying, the paracetamol absorption test is widely

used and is the methodology adopted in most prior studies of GLP-

1RAs,28 and enabled comparison with the results of the prior study of

paracetamol-assessed gastric emptying with semaglutide 1.0 mg in

obesity.29 As an indirect measure, paracetamol absorption has been

suggested to have limitations, particularly regarding its ability to

reflect gastric emptying of solids, and the potential for short-term

delays in gastric emptying to be missed if paracetamol absorption is

only assessed several hours after administration.28 In the present

study, we attempted to mitigate these limitations by administering

paracetamol as part of a semi-solid food (yoghurt; consistent with the

semaglutide 1.0 mg study),29 and by evaluating paracetamol

concentration within the first hour post-dose and over a 5-hour

period post-dose, as well as assessing the magnitude and timing of

peak concentration (Cmax,para and tmax,para). At week 20, none of these

assessments indicated a delay in paracetamol absorption with

semaglutide 2.4 mg versus placebo, and there was no flattening of the

paracetamol concentration–time curve, which, if present, would have

suggested a delay in gastric emptying.

In conclusion, in adults with obesity, once-weekly s.c. semaglutide

2.4 mg suppressed appetite, improved control of eating, reduced the

frequency and strength of food cravings, lowered ad libitum energy

intake and was associated with clinically meaningful reductions in

body weight versus placebo at week 20, with no evidence of
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delayed gastric emptying as measured indirectly through paraceta-

mol absorption.
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