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Abstract

Aims: Evaluate the effects of once-weekly subcutaneous semaglutide 2.4 mg on car-

diometabolic risk factors in people with overweight/obesity without diabetes in the

STEP 1 and 4 trials.

Materials and Methods: STEP 1 and 4 were phase III, 68-week, placebo-controlled

trials of once-weekly semaglutide 2.4 mg combined with lifestyle intervention; STEP

4 had a 20-week semaglutide run-in and 48-week randomized withdrawal period.

Participants had a body mass index ≥30 kg/m2 or ≥27 kg/m2 with one or more

weight-related comorbidity, without diabetes. Pre-specified endpoints were changes

in waist circumference, systolic/diastolic blood pressure (SBP/DBP), lipids, fasting

plasma glucose (FPG), fasting serum insulin and antihypertensive/lipid-lowering med-

ication use. Post-hoc assessments included non-high-density lipoprotein (HDL) cho-

lesterol, homeostatic model assessment of insulin resistance (HOMA-IR; STEP

1 only), atherosclerotic cardiovascular disease (ASCVD) risk (American College of Car-

diology/American Heart Association algorithm; STEP 1 only) and cardiometabolic risk

factors by weight loss achieved (<5%, 5% to <10%, 10% to <15%, or ≥15%) (STEP

1 only).

Results: Of the 1961 participants in STEP 1 and 803 in STEP 4, most had one or

more complication/comorbidity at baseline, with dyslipidaemia and hypertension

most prevalent. In STEP 1, reductions in waist circumference, SBP, DBP, FPG, fasting

serum insulin, lipids and HOMA-IR were greater with semaglutide versus placebo

(p ≤ .001). Reductions in SBP, non-HDL cholesterol, low-density lipoprotein choles-

terol and FPG were generally greater with semaglutide than placebo within weight-

loss categories. Non-significant ASCVD risk reductions were observed with semaglu-

tide versus placebo (p > .05). In STEP 4, improvements in waist circumference, SBP,

FPG, fasting serum insulin and lipids during the semaglutide run-in (week 0-20) were

maintained over week 20-68 with continued semaglutide, but deteriorated following

the switch to placebo (p < .001 [week 20-68]). Net reductions in antihypertensive/
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lipid-lowering medication use occurred with semaglutide versus placebo (both trials).

Conclusions: Semaglutide may improve cardiometabolic risk factors and reduce

antihypertensive/lipid-lowering medication use versus placebo in adults with over-

weight/obesity without diabetes. These potential benefits were not maintained after

treatment discontinuation.

ClinicalTrials.gov numbers: STEP 1 NCT03548935, STEP 4 NCT03548987.
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1 | INTRODUCTION

Obesity is a highly prevalent disease with a serious, chronic, relapsing

course.1,2 It imposes substantial economic burdens on patients, health

care systems and wider society through direct health care expenditure

and indirect costs, such as lost productivity.3 As obesity can lead to

increased multimorbidity and reduced life expectancy,4-7 its increasing

prevalence is an urgent public health concern.8

People with obesity have an increased risk of developing cardio-

vascular (CV) disease (CVD) and cardiometabolic complications, such

as type 2 diabetes (T2D).4-12 These effects are driven by the exacer-

bation of risk factors including insulin resistance, hypertension and

dyslipidaemia.4,7,13 The key goals of treatment are, therefore, not only

to reduce body weight, but also to mitigate cardiometabolic complica-

tions.14 Lifestyle intervention, in the form of diet and increased physi-

cal activity, is the cornerstone of weight management, alongside

adjunctive pharmacotherapy and bariatric surgery.15,16 However,

data on the effects of these approaches on long-term cardiometabolic

outcomes are limited.17

Semaglutide is a glucagon-like peptide-1 (GLP-1) analogue

available in subcutaneous (s.c.) and oral formulations for the treatment

of T2D. Once-weekly s.c. semaglutide 2.4 mg (as an adjunct to life-

style intervention) was evaluated for weight management in people

with overweight/obesity in the phase III Semaglutide Treatment

Effect in People with Obesity (STEP) trials. Semaglutide 2.4 mg led to

mean weight losses of 15-17% in participants without T2D and

showed benefits beyond weight loss, including on patient-reported

outcomes.18-20 It has subsequently been approved for weight

management.21,22

It is hypothesized that semaglutide may reduce CV risk in people

with overweight/obesity, both through weight loss and partly through

independent effects on CV risk factors and other metabolic parame-

ters. Although the exact mechanisms behind the CV effects are not

fully elucidated, data suggest GLP-1 receptor agonists (GLP-1RAs),

including semaglutide, may have direct and beneficial effects on the

CV system.23-27

In patients with T2D at high CV risk, two trials designed to assess

non-inferiority have shown that semaglutide (once-weekly 1.0 mg

s.c. and once-daily 14 mg orally) reduced the rate of major adverse CV

events (MACE; composite primary endpoint) compared with pla-

cebo.23,28,29 As many individuals with obesity do not have T2D and

obesity is associated with CVD, it is important to determine the CV

effects of pharmacotherapies that promote weight loss in people

without T2D.

The STEP 1 and 4 trials enrolled people with overweight/obesity

without T2D and showed that semaglutide reduced body weight com-

pared with placebo (estimated treatment differences of �12.4 per-

centage points from baseline to week 68 in STEP 1 and �14.8

percentage points from week 20 to week 68 in STEP 4 [p < .001 for

both trials]).18,20 In addition, semaglutide treatment was associated

with greater improvements in some cardiometabolic parameters.18,20

The current analyses use data from STEP 1 and 4 to investigate fur-

ther the effect of semaglutide on cardiometabolic risk factors in peo-

ple with overweight/obesity without T2D, beyond the previously

published observations. STEP 1 was included to assess the effect of

semaglutide when combined with lifestyle intervention and STEP

4 was included to assess the effect of continued use versus with-

drawal of semaglutide under similar conditions. The objectives of the

analyses were to evaluate: (a) if semaglutide improved cardiometa-

bolic risk factors, overall and by degree of weight loss; (b) if continu-

ous therapy with semaglutide was required to sustain any observed

benefits; and (c) the effect of semaglutide on atherosclerotic CVD

(ASCVD) risk and use of concomitant medications for CV risk factors.

2 | MATERIALS AND METHODS

The methodology of STEP 1 and 4 has been described previously.18,20

2.1 | Study designs

STEP 1 (NCT03548935) was a double-blind, placebo-controlled trial

(Figure S1). Participants were randomized 2:1 to once-weekly

s.c. semaglutide 2.4 mg or placebo, with lifestyle intervention for

68 weeks. STEP 4 (NCT03548987) was a randomized withdrawal

trial in which all participants received semaglutide during a 20-week

run-in period (Figure S2). Participants reaching the once-weekly

s.c. semaglutide 2.4 mg target maintenance dose at week 20 were

randomized 2:1 to continue semaglutide or switch to placebo for

48 weeks. All participants received lifestyle intervention throughout

the 68 weeks.
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TABLE 1 Baseline demographics and clinical characteristics (STEP 1 and 4 randomized population)18,20

STEP 1 (week 0) STEP 4 (week 20)

Semaglutide
2.4 mg (N = 1306)

Placebo
(N = 655)

Semaglutide
2.4 mg (N = 535)

Placebo
(N = 268)

Age

Mean, years 46 ± 13 47 ± 12 47 ± 12 46 ± 12

<20 years, n (%) 5 (0.4) 7 (1.1) 1 (0.2) 0

20 to <40 years, n (%) 416 (31.9) 175 (26.7) 147 (27.5) 72 (26.9)

40 to <60 years, n (%) 677 (51.8) 356 (54.4) 313 (58.5) 164 (61.2)

60 to <80 years, n (%) 205 (15.7) 116 (17.7) 74 (13.8) 32 (11.9)

≥80 years, n (%) 3 (0.2) 1 (0.2) 0 0

Female sex, n (%) 955 (73.1) 498 (76.0) 429 (80.2) 205 (76.5)

Racea, n (%)

White 973 (74.5) 499 (76.2) 446 (83.4) 226 (84.3)

Asian 181 (13.9) 80 (12.2) 15 (2.8) 4 (1.5)

Black or African American 72 (5.5) 39 (6.0) 69 (12.9) 35 (13.1)

Otherb 80 (6.1) 37 (5.6) 5 (0.9) 3 (1.1)

Hispanic or Latino ethnic group, n (%)a 150 (11.5) 86 (13.1) 42 (7.9) 21 (7.8)

Body weight, kg 105.4 ± 22.1 105.2 ± 21.5 96.5 ± 22.5 95.4 ± 22.7

BMI

Mean, kg/m2 37.8 ± 6.7 38.0 ± 6.5 34.5 ± 6.9 34.1 ± 7.1

<30 kg/m2, n (%) 81 (6.2) 36 (5.5) 160 (29.9) 78 (29.1)

30 to <35 kg/m2, n (%) 436 (33.4) 207 (31.6) 166 (31.0) 97 (36.2)

35 to <40 kg/m2, n (%) 406 (31.1) 208 (31.8) 116 (21.7) 52 (19.4)

≥40 kg/m2, n (%) 383 (29.3) 204 (31.1) 93 (17.4) 41 (15.3)

Waist circumference, cm 114.6 ± 14.8 114.8 ± 14.4 105.5 ± 15.9 104.7 ± 16.9

Blood pressure, mmHg

Systolic 126 ± 14 127 ± 14 121 ± 13 121 ± 13

Diastolic 80 ± 10 80 ± 10 78 ± 9 78 ± 9

Uncontrolled hypertension, n (%) 177 (13.6) 97 (14.8) 48 (9.0) 25 (9.3)

HbA1c, % 5.7 ± 0.3 5.7 ± 0.3 5.4 ± 0.3 5.4 ± 0.3

HbA1c, mmol/mol 38.9 ± 3.4 39.0 ± 3.6 35.3 ± 3.0 35.1 ± 3.1

Prediabetes, n (%)c 593 (45.4) 263 (40.2) 81 (15.6) 34 (13.8)

FPG, mg/dL 95.4 ± 10.7 94.7 ± 10.5 87.9 ± 7.7 86.9 ± 7.6

FPG, mmol/L 5.3 ± 0.6 5.3 ± 0.6 4.9 ± 0.4 4.8 ± 0.4

Fasting serum insulin, mIU/L geometric mean (CV) 12.9 (58.6) 12.8 (61.2) 11.1 (67.4) 10.3 (61.8)

Fasting lipid profile, geometric mean (CV)

Total cholesterol, mg/dL 189.6 (20.5) [n = 1301] 192.1 (19.4) [n = 649] 175.9 (20.3) 175.1 (20.8)

LDL cholesterol, mg/d 110.3 (31.6) [n = 1300] 112.5 (29.8) [n = 649] 108.7 (29.2) 109.1 (30.5)

HDL cholesterol, mg/dL 49.4 (25.6) [n = 1300] 49.5 (25.0) [n = 648] 44.5 (21.6) 43.6 (22.5)

Non-HDL cholesterol, mg/dL 137.5 (27.5) [n = 1300] 140.2 (25.9) [n = 648] 129.7 (26.2) 129.6 (26.9)

VLDL cholesterol, mg/d 24.5 (45.8) [n = 1300] 24.9 (46.5) [n = 649] 19.2 (42.1) 18.6 (43.4)

Free fatty acids, mg/dL 12.3 (57.9) [n = 1281] 12.7 (53.8) [n = 645] 12.3 (57.9) [n = 534] 11.7 (62.0)

Triglycerides, mg/dL 126.2 (47.4) [n = 1300] 127.9 (49.0) [n = 649] 98.1 (42.3) 95.3 (43.4)

Use of antihypertensive medication, n (%)

Yes 405 (33.2) 205 (35.3) 149 (28.5) 67 (26.9)

No 814 (66.8) 375 (64.7) 373 (71.5) 182 (73.1)

(Continues)
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Both trials were conducted in accordance with the Declaration of

Helsinki and Good Clinical Practice guidelines. Protocols were approved

by independent ethics committees or institutional review boards at each

study site. All participants provided written informed consent.

2.2 | Study population

Participants in both trials were aged ≥18 years with one or more self-

reported unsuccessful dietary effort to lose weight and body mass

index ≥30 kg/m2 or ≥27 kg/m2 with one or more weight-related

comorbidity without diabetes.

2.3 | Outcomes and assessments

The endpoints assessed are detailed below, with information on how

they were measured in the Supporting Information.

2.3.1 | Effects on cardiometabolic risk factors

The cardiometabolic risk factors included as prespecified secondary

endpoints in both trials were changes in waist circumference, systolic/

diastolic blood pressure (SBP/DBP), fasting plasma glucose (FPG), fast-

ing serum insulin, low-density lipoprotein (LDL) cholesterol and triglyc-

erides, each assessed from week 0 (STEP 1) or week 20 (STEP 4) to

week 68. Results for these endpoints have been published previ-

ously.18,20 Waist circumference and SBP were confirmatory secondary

endpoints included in the statistical testing hierarchy of the trials (and

controlled for multiplicity), while the others were supportive in nature.

Additional post-hoc exploratory analyses included change in non-

high-density lipoprotein (non-HDL) cholesterol from week 0 (STEP 1) or

week 20 (STEP 4) to week 68, and proportion of participants achieving

American College of Cardiology/American Heart Association (ACC/AHA)

BP targets (<130/80 mmHg) at week 68 (STEP 1 and 4). Further

outcomes specific to STEP 1 included changes from week 0 to 68 in the

overall population (i.e. all randomized participants) in: (a) homeostatic

model assessment of insulin resistance (HOMA-IR); (b) cardiometabolic

risk factors (listed above) by categorical weight loss achieved (<5%, 5% to

<10%, 10% to <15% or ≥15%); (c) SBP and DBP in participants with base-

line BP above and below the median; and (d) SBP and DBP in participants

with uncontrolled hypertension (average SBP ≥140 mmHg or average

DBP ≥90 mmHg) at baseline, regardless of antihypertensive medication.

Changes in risk factors by categorical weight loss should be interpreted

with caution as participants who achieved high levels of weight loss with

placebo probably differed in some way (e.g. physiologically or behaviou-

rally) from those who achieved similar levels with semaglutide. These dif-

ferences are yet to be identified, but if they affect weight-loss capability,

they may also influence the risk factors assessed.

2.3.2 | Effects on predicted atherosclerotic
cardiovascular disease risk

ASCVD risk in STEP 1 participants with baseline and week 68 assess-

ments was predicted post-hoc using the ACC/AHA algorithm, which

included age, total cholesterol, HDL cholesterol, treated/untreated

SBP, current smoker and diabetes.30 A risk of 0 was changed to

0.0005% to allow for analysis on the log scale. The ASCVD risk score

represents the chance of developing heart disease or having a stroke

in the next 10 years: low (<5%), borderline (5% to <7.5%), intermedi-

ate (≥7.5% to <20%) or high (≥20%).11 ASCVD risk was also assessed

by categorical weight loss at week 68 (<10% or ≥10%).

2.3.3 | Effects on antihypertensive and lipid-
lowering medication use

Changes in use of antihypertensive and lipid-lowering medications

(stopped, decrease, no change or increase) from week 0 (STEP 1) or

week 20 (STEP 4) to week 68 were assessed as exploratory endpoints.

TABLE 1 (Continued)

STEP 1 (week 0) STEP 4 (week 20)

Semaglutide
2.4 mg (N = 1306)

Placebo
(N = 655)

Semaglutide
2.4 mg (N = 535)

Placebo
(N = 268)

Use of lipid-lowering medication, n (%)

Yes 226 (18.5) 117 (20.2) 70 (13.4) 36 (14.5)

No 993 (81.5) 463 (79.8) 452 (86.6) 213 (85.5)

Note: Data are mean ± SD, unless otherwise indicated. Participant numbers are provided where the number analysed differed from the number in the full

analysis set. Data for some parameters have been reproduced with permission from the Massachusetts Medical Society (STEP 1) and the American

Medical Association (STEP 4); see Tables S1 and S2 for presentation of these data in their original format.

Abbreviations: BMI, body mass index; CV, coefficient of variation; FPG, fasting plasma glucose; HbA1c, glycated haemoglobin; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein.
aTo meet regulatory requirements, race and ethnicity were recorded in these studies and were determined by the participant according to fixed selection

categories (with the option of answering ‘other’, ‘not applicable’, or ‘unknown’).
bOther refers to American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, or ‘other race’, or ‘not applicable’.
cPresence of prediabetes was determined by investigators based on available information (e.g. medical records, concomitant medication and blood glucose

parameters) and in accordance with American Diabetes Association criteria.44 Assessed at week 24 in STEP 4.
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These data have been previously published for the overall trial popula-

tions, but not for subgroups defined by weight-loss category.18,20

2.4 | Statistical analyses

Data were analysed for each trial separately based on the treatment

policy estimand (the primary estimand in the STEP programme,

which reflects the intention-to-treat principle).31 This assesses the

trial-population-average treatment effect of semaglutide or placebo

and includes all randomized participants regardless of adherence to

treatment or rescue interventions (other anti-obesity medication or

bariatric surgery). Observed data are reported for the in-trial observa-

tion period, regardless of treatment discontinuation or rescue inter-

vention for the following analyses: ASCVD risk categories, change in

ASCVD risk score, proportion of participants achieving ACC/AHA BP

targets at week 68 and change in antihypertensive and lipid-lowering

medication use. The proportions of participants achieving ACC/AHA

BP targets were compared between treatment groups using a

chi-squared test. Change from baseline to week 68 in the proportion

of participants in the intermediate-high ASCVD risk group was com-

pared between treatment groups using logistic regression with treat-

ment, week, and interaction between treatment and week as factors.

Continuous endpoints were analysed using analysis of covariance

with randomized treatment as a factor and baseline value as a covariate.

For analyses by categorical weight loss, weight-loss category was

included as a factor and an interaction term with randomized treatment.

Multiple imputation was used, in which missing data were imputed from

week 68 measurements from participants in the same treatment group.

Only analyses of waist circumference and SBP were adjusted for multi-

plicity, in accordance with the STEP 1 and 4 statistical analysis plans.

3 | RESULTS

3.1 | Participants (STEP 1 and 4)

Baseline characteristics of participants randomized to semaglutide or

placebo in STEP 1 (N = 1961) and 4 (N = 803) and participant disposi-

tion have been published previously.18,20 All participants had
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Overall <5% ≥15%5–<10% 10–<15%

Overall <5% ≥15%5–<10% 10–<15%

ETD (95% CI) for overall population:
–6 (–8, –4); P < .001† 

ETD (95% CI) for overall population:
–4 (–6, –2); P = .001†

ETD (95% CI) for overall population:
–16 (–19, –13); P < .001†

Semaglutide 2.4 mg Placebo

F IGURE 1 Change from baseline to week 68 in cardiometabolic risk factors in the overall population and by categorical weight loss in STEP
1. Data are for the in-trial period and the treatment policy estimand. ETDs are expressed as estimated absolute difference between groups. Lipids
were initially analysed on a log scale as estimated ratio to baseline (within treatment groups) and estimated treatment ratios (between treatment
groups); for interpretation, these data are expressed as relative percentage change and estimated relative percentage difference between groups,
respectively, and were calculated using the formula (estimated ratio – 1) � 100. n = number of participants with an assessment at week 68. †Not
adjusted for multiplicity. CI, confidence interval; ETD, estimated treatment difference; HDL(-C), high-density lipoprotein (cholesterol); LDL(-C),
low-density lipoprotein (cholesterol)
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overweight/obesity without T2D. Most participants had at least one

complication/comorbidity, with dyslipidaemia and hypertension the

most prevalent (Tables S1 and S2). Table 1 describes additional

baseline characteristics.

3.2 | Effects on cardiometabolic risk factors
(STEP 1 and 4)

In STEP 1, greater reductions in waist circumference, SBP, DBP, FPG,

fasting serum insulin, lipids and HOMA-IR were seen with semaglutide

versus placebo at week 68 (Figure 1 and Figure S3).

Decrements in SBP, non-HDL cholesterol, LDL cholesterol and

FPG were generally greater with semaglutide than placebo even when

compared within equivalent categories of weight loss (Figure 1 and

Figure S3). Differences between treatment groups were typically

greatest in the 10% to <15% and ≥15% weight-loss categories,

although the decrease in FPG in semaglutide-treated participants also

exceeded that in placebo-treated participants in the 5% to <10%

weight-loss category. Effects on DBP, triglycerides, waist circumfer-

ence, fasting serum insulin and HOMA-IR were generally similar

between the treatment groups when examined within each of the

weight-loss categories (Figure 1 and Figure S3).

In STEP 1, reductions in SBP and DBP from baseline to week

68 were observed with semaglutide versus placebo in participants with

baseline BP both above and below the median at baseline, as well as in

participants with uncontrolled and controlled hypertension at baseline

(Table 2). Furthermore, a greater proportion of participants on semaglu-

tide achieved the ACC/AHA BP target (<130/80 mmHg) at week

68 versus those on placebo (51.5% vs. 38.2%; p < .001) (Figure S4).

In STEP 4, improvements in waist circumference, SBP, DBP, FPG,

fasting serum insulin and lipids were seen during the semaglutide

run-in period (weeks 0-20) (Table 3). With the exception of DBP,

these benefits were maintained or improved further in participants

randomized to continued semaglutide during weeks 20-68 but deteri-

orated in those who switched to placebo (Table 3). The proportion of

participants achieving the ACC/AHA BP target at week 68 was 49.0%

among those who continued semaglutide compared with 41.5%

among those switched to placebo at week 20; the difference was not

statistically significant (p = .051) (Figure S5).

3.3 | Effects on predicted atherosclerotic
cardiovascular disease risk (STEP 1)

In STEP 1, 1187 (90.9%) and 566 (84.9%) participants in the semaglu-

tide and placebo groups, respectively, had been assessed for ASCVD

risk score at week 0 and 68.

Among participants aged 40-79 years, the majority were in the

low-borderline (<5% to 7.4%) ASCVD risk category at baseline (sema-

glutide, 77.1%; placebo, 79.1%), with the remainder at intermediate-

high risk (7.5% to ≥20%). The proportion of participants in the

intermediate-high-risk category decreased from 22.9% to 19.9% (–3.0

percentage points) with semaglutide and increased from 20.9% to

23.4% (+2.5 percentage points) with placebo at week 68. There was

no significant difference between treatment groups (p = .13)

(Figure 2). Similar results were observed for the overall population

(aged 20-79 years), where the proportion of participants in the

intermediate-high-risk category decreased from 16.3% to 13.8% (–2.5

percentage points) with semaglutide but increased from 16.7% to

TABLE 2 Change from baseline to week 68 in systolic and diastolic blood pressure in participants with baseline blood pressure above and
below the median and with uncontrolled hypertension at baseline, regardless of antihypertensive medication use in STEP 1

Change from baseline to week 68 Semaglutide 2.4 mg (N = 1306) Placebo (N = 655) p value

Systolic blood pressure, mmHg

Baseline above median –5.42 ± 0.63 –0.06 ± 0.80 .65a

Baseline below median –6.84 ± 0.58 –2.04 ± 0.83

Diastolic blood pressure, mmHg

Baseline above median –2.49 ± 0.43 0.13 ± 0.56 .62a

Baseline below median –3.14 ± 0.40 –0.93 ± 0.54

Systolic blood pressure, mmHg

Controlled hypertension at baseline –6.38 ± 0.38 –1.47 ± 0.57 .44b

Uncontrolled hypertension at baseline –4.67 ± 1.02 1.59 ± 1.36

Diastolic blood pressure, mmHg

Controlled hypertension at baseline –2.96 ± 0.26 –0.72 ± 0.38 .20b

Uncontrolled hypertension at baseline –2.31 ± 0.68 1.43 ± 0.91

Note: Data are mean ± SD for the in-trial period and the treatment policy estimand.
aComparison of the estimated treatment differences between semaglutide and placebo in blood pressure changes for participants with baseline blood

pressure above versus below the median (effect adjusted for placebo).
bComparison of the estimated treatment differences between semaglutide and placebo in blood pressure changes for participants with controlled versus

uncontrolled hypertension at baseline. Uncontrolled hypertension was defined as average systolic blood pressure ≥140 mmHg or average diastolic blood

pressure ≥90 mmHg.
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TABLE 3 Change in cardiometabolic risk factors during the run-in period (week 0-20) and randomized period (week 20-68) in STEP 420

Observed mean
at week 0 (start

of run-in)
(N = 803)a

Observed mean
change during
run-ina,b

Estimated change [95% CI] for week

20-68 (randomized period) ETD [95% CI] for
change during
randomized periodc

Continued

semaglutide
2.4 mg (N = 535)

Switched to
placebo (N = 268)

Waist circumference, cm 115.3 ± 15.5 –10.1 ± 6.2 –6.4 [–7.1, –5.7] 3.3 [2.3, 4.3] –9.7 [–10.9, –8.5];
p < .001

SBP, mmHg 127 ± 14 –5.7 ± 13.6 0.5 [–0.6, 1.6] 4.4 [2.9, 6.0] –3.9 [–5.8, –2.0];
p < .001

DBP, mmHg 81 ± 10 –3.0 ± 8.8 0.3 [–0.4, 1.1] 0.9 [–0.4, 2.1] –0.6 [–2.0, 0.9];
p = .46d

FPG, mg/dL 97.1 ± 10.7

[n = 795]

–9.5 ± 9.9 –0.8 [–1.7, 0.1] 6.7 [4.9, 8.6] –7.5 [–9.6, –5.4];
p < .001d

Fasting serum insulin, mIU/L 12.7 (60.3)e

[n = 781]

0.9 (52.1)e –20% [–20, –10]f 0% [–10, 10]f –18% [–27, –8];
p < .001d,f

Lipids, mg/dL

Non-HDL cholesterol 141.0 (25.8)e

[n = 798]

0.9 (18.5)e 0% [–2, 2]f 10% [6, 11]f –8% [–10, –5];
p < .001d,f

LDL cholesterol 114.8 (28.8)e

[n = 798]

0.9 (20.5)e 1% [–1, 3]f 8% [5, 10]f –6% [–9, –3];
p < .001d,f

Triglycerides 121.5 (48.3)e

[n = 798]

0.8 (34.4)e –6% [–9, –2]f 15% [7, 23]f –18% [–24, –11]
p < .001d,f

Note: Observed data are for the in-trial period and estimated data for the treatment policy estimand. Participant numbers are provided for data at week 0

where the number analysed differed from the number in the full analysis set.

Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; ETD, estimated treatment difference; FPG, fasting plasma glucose; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure.
aMean ± SD values, unless otherwise specified.
bDifference between values at weeks 0 and 20 for the individual participants in the total randomized population.
cExpressed as absolute differences between groups, unless otherwise specified.
dNot adjusted for multiplicity in the STEP 4 statistical testing hierarchy.
eGeometric mean (coefficient of variation) values at week 0 and geometric mean (coefficient of variation) ratios from week 20 to week 0.
fInitially analysed on a log scale as estimated ratio to baseline (within treatment groups) and estimated treatment ratios (between treatment groups); for

interpretation, these data are expressed as relative percentage change and estimated relative percentage difference between groups, respectively, and

were calculated using the formula (estimated ratio � 1) � 100.
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Semaglutide 2.4 mg

19.9

22.9

Change: –3.0 %-points

Placebo

23.4
20.9

Change: +2.5 %-points

Baseline (placebo)
Baseline (semaglutide)

Week 68 (placebo)
Week 68 (semaglutide)

n = 186 162 86 96

F IGURE 2 Proportion of participants
at intermediate-high ASCVD risk at
baseline and week 68 in STEP
1. Observed in-trial data for participants
aged 40-79 years with available data at
baseline and week 68. Among
882 participants in the semaglutide group
and 472 participants in the placebo group
who were aged 40-79 years, 813 (92.2%)
and 411 (87.1%), respectively, had
ASCVD scores at baseline and week
68 and so were included in the analysis. n,
number of intermediate-high-risk
participants. Intermediate-high risk: 7.5%
to ≥20% using the ACC/AHA algorithm.
ACC, American College of Cardiology;
AHA, American Heart Association;
ASCVD, atherosclerotic cardiovascular
disease
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18.0% (+1.3 percentage points) with placebo, with no significant

difference between treatment groups (p = .15).

Among participants who achieved ≥10% body weight loss and

were at intermediate-high risk at baseline, the semaglutide group had

a relative reduction in ASCVD risk of 16.1% (observed scores: 12.3%

baseline; 10.2% week 68) (Figure S6), compared with a 4.2% increase

for placebo (observed scores: 13.8% baseline; 14.4% week 68). The

proportions of semaglutide-treated participants in the intermediate-

high-risk category at baseline and week 68, stratified by <10% and

≥10% body weight loss, are shown in Figure S7.

3.4 | Effects on antihypertensive and lipid-
lowering medication use (STEP 1 and 4)

Among participants receiving antihypertensive or lipid-lowering medi-

cation between week 0 (STEP 1) or week 20 (STEP 4) and week 68, a

greater proportion of those who received semaglutide decreased/

stopped taking such medications and a lower proportion increased

their use of such medications, compared with those who received pla-

cebo (Figures S8 and S9).

In both treatment groups combined, greater weight loss (≥10%)

was associated with a higher proportion of participants decreasing/

stopping antihypertensive and lipid-lowering medications and fewer

increasing their use in STEP 1 at week 68 (Table S3).

4 | DISCUSSION

These analyses of data from the STEP 1 and 4 trials report the effects

of once-weekly s.c. semaglutide 2.4 mg, as an adjunct to lifestyle

intervention, on cardiometabolic risk factors, including waist circum-

ference, BP, FPG, fasting serum insulin, HOMA-IR and lipids

(non-HDL cholesterol, LDL cholesterol and triglycerides) in adults with

overweight/obesity without T2D. Improvements in numerous cardio-

metabolic risk factors were observed with semaglutide compared with

placebo. The beneficial effects on these risk factors appeared to

reduce the need for antihypertensive and lipid-lowering medications

in both trials. In addition, non-significant improvements in predicted

ASCVD 10-year risk were observed with semaglutide in STEP 1.

Discontinuation of semaglutide treatment resulted in failure to

maintain therapeutic benefits on cardiometabolic risk factors. These

findings add to previous evidence regarding the effects of semaglutide

on cardiometabolic risk factors in adults with overweight/obesity,

without T2D.

Obesity guidelines recommend reductions in body weight of >5%

to 15%.15,16 In STEP 1, �85% of participants achieved weight loss ≥5%

and most achieved greater losses.18 The present analyses suggest that

greater weight loss was associated with greater improvements in cardi-

ometabolic risk factors, consistent with previous preclinical and clinical

findings. The greatest reductions in cardiometabolic risk factors were

generally observed over the first 20 weeks of semaglutide treatment in

both studies and mirrored the weight-loss trajectory.18,20 In the current

analyses, data from STEP 4 indicated that the potential benefits of

semaglutide treatment on cardiometabolic risk factors were not main-

tained after treatment discontinuation. Similar findings were observed

in the STEP 1 extension study, with cardiometabolic improvements

from baseline to week 68 reverting towards baseline 1 year after sema-

glutide withdrawal.32

In our study, analyses by weight-loss category suggest that some

of the positive effects of semaglutide on cardiometabolic risk factors

may be additive to those resulting from weight loss alone. In particu-

lar, improvements in SBP, non-HDL cholesterol and FPG were greater

with semaglutide than placebo within weight-loss strata, particularly

in participants within the 10% to <15% and ≥15% weight-loss catego-

ries. In contrast, larger improvements in DBP, triglycerides, waist cir-

cumference, fasting serum insulin and HOMA-IR with semaglutide

versus placebo were observed in the overall population, but not

within the weight-loss category subgroups, and therefore appeared to

be attributable predominantly to the greater degree of weight loss

achieved with semaglutide. However, these data should be inter-

preted with caution given the hypothetical consideration that it is not

known why participants lose a greater or lesser amount of weight in

either treatment arm. Given that weight loss is a post-randomization

variable, factors other than semaglutide use could explain some of the

differential effects on cardiometabolic risk factors within these sub-

groups. The data do suggest that specific risk factors may be improved

by semaglutide beyond that explained by weight loss, but this requires

further investigation.

In these analyses, the treatment effect of semaglutide on BP was

in line with other trials of semaglutide for the management of obe-

sity.33 In addition, the proportion of participants who achieved BP tar-

gets with semaglutide versus placebo was significantly greater in

STEP 1; the lack of significance in STEP 4 may be due to the placebo

group retaining some clinical benefit from the 20-week semaglutide

run-in period. The clinical significance of reduced BP with semaglutide

treatment is supported by the analysis of antihypertensive medication

use; semaglutide treatment appeared to reduce the use of antihyper-

tensive and lipid-lowering medications in these analyses. Reducing

medications used to treat obesity-related comorbidities lowers the

treatment burden and may improve adherence to therapy.34,35 The

findings presented here generate the hypothesis that improvements

in BP and lipid levels with semaglutide may translate into clinically

meaningful changes that allow a reduction in the use of antihyperten-

sive and lipid-lowering medications. It should be noted that improve-

ments in BP and lipid levels with semaglutide were maintained despite

a parallel relative reduction in antihypertensive and lipid-lowering

medication use.

Few studies have examined the effects of GLP-1RAs on cardio-

metabolic risk factors or CV outcomes in people with overweight/

obesity without T2D. The effects of semaglutide on these risk factors

were also reported in STEP 3, a trial in people with overweight/

obesity without T2D with a broadly similar design to STEP 1.19

However, in contrast to STEP 1, STEP 3 assessed semaglutide versus

placebo in combination with intensive behavioural therapy and an

initial low-calorie meal-replacement diet. Under these conditions,

8 KOSIBOROD ET AL.
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semaglutide treatment led to significant reductions in cardiometabolic

risk factors versus placebo. The magnitude of the observed changes

was generally similar to that in STEP 1, suggesting intensive lifestyle

intervention may not be required to achieve beneficial effects with

semaglutide.19 With respect to other GLP-1RAs, s.c. liraglutide 3.0 mg

as an adjunct to diet and physical activity was associated with reduc-

tions in multiple measures of CVD risk at week 56 versus placebo in

participants with obesity (or body mass index ≥27 kg/m2 and

untreated hypertension or dyslipidaemia) without T2D.36 In the STEP

8 trial in people with overweight/obesity without T2D, significantly

greater improvements in the majority of cardiometabolic risk factors

assessed were reported with semaglutide versus liraglutide; it was not

determined whether this cardiometabolic effect was independent of

the greater weight loss observed with semaglutide.37

In patients with T2D and established CVD, liraglutide and semaglu-

tide are approved for reducing the risk of MACE.38,39 Reductions in CV

events with GLP-1RAs are potentially driven by modification of athero-

sclerosis progression.23,24,40 In line with this, semaglutide reduced

atherosclerosis in preclinical studies at doses that did not significantly

reduce body weight, suggesting that anti-atherosclerotic effects are not

due solely to its impact on weight.25 In a meta-analysis of trials in T2D,

reductions in CVD risk were also independent of reductions in SBP and

body weight.41 Further research is needed to elucidate fully the mecha-

nisms behind the effect of GLP-1RAs on CV outcomes.

Based on current and previously published data,23,42 it is reason-

able to hypothesize that semaglutide may also have beneficial effects

on CV outcomes in individuals with overweight/obesity without T2D.

However, the present analyses revealed that the reduction in ASCVD

risk with semaglutide in STEP 1 was not significantly different from

that with placebo. The most probable explanation for this is that the

STEP 1 population was at relatively low risk at the start of the trial;

for example, the participants were relatively young. Stratification of

participants by C-reactive protein concentrations or statin use may

have assisted with differentiating the effects of semaglutide and

placebo on risk. To investigate this further, the ongoing SELECT

(Semaglutide Effects on Heart Disease and Stroke in Patients With

Overweight or Obesity; NCT03574597) trial will evaluate semaglutide

versus placebo for preventing MACE in patients with established CVD

and overweight/obesity, but without T2D.43

Some of the analyses described here were exploratory or post-

hoc in nature, approaches with inherent limitations. In addition, not all

analyses were controlled for multiplicity, and the studies were not

able to determine the contribution of weight loss alone to improve-

ment in CV risk. Furthermore, in STEP 4, as the treatment group com-

parisons over 68 weeks only included the 89% of enrolled trial

participants who completed the 20-week run-in on semaglutide,

which followed a strict dose-titration schedule, selection bias may

have been introduced and could have favoured participants who

were better able to tolerate semaglutide. As changes in use of

antihypertensive and lipid-lowering medication were based on physician

judgement, they may have been affected by site- or physician-dependent

variability. Finally, the trial populations were predominantly female and

the impact of sex on the findings is unknown.

These analyses generate the hypothesis that, in addition to lead-

ing to superior weight loss, semaglutide 2.4 mg may improve numer-

ous cardiometabolic risk factors compared with placebo in adults with

overweight/obesity and without T2D, including waist circumference,

SBP, FPG, fasting serum insulin, HOMA-IR and lipids (non-HDL cho-

lesterol, LDL cholesterol and triglycerides). In addition, semaglutide

may lead to greater reductions in the use of antihypertensive and

lipid-lowering medications. Discontinuation of treatment with sema-

glutide resulted in failure to maintain benefits on cardiometabolic risk

factors.
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