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Abstract

Background Semaglutide 2.4 mg benefits weight loss and reduction of cardiovascular disease (CVD) risk factors in adults
with obesity. We estimated the US population eligibility for semaglutide 2.4 mg (based on the weight management indication)
and the impact on obesity and CVD events.

Methods We applied STEP 1 trial eligibility criteria to US adults aged > 18 years in the US National Health and Nutrition
Examination Survey (NHANES) 2015-2018 to estimate the US eligible population. Semaglutide weight changes in STEP 1
were applied to estimate the population impact on weight changes and obesity prevalence. We also estimated 10-year CVD
risks utilizing the BMI-based Framingham CVD risk scores. The difference in estimated risks with and without semaglutide
“treatment” multiplied by the eligible NHANES weighted population represented the estimated “preventable” CVD events.
Results We identified 3999 US adults weighted to an estimated population size of 93.0 million [M] (38% of US adults) who
fit STEP 1 eligibility criteria. Applying STEP 1 treatment effects on weight loss resulted in an estimated 69.1% (64.3 M)
and 50.5% (47.0 M) showing > 10% and > 15% weight reductions, respectively, translating to a 46.1% (43.0 M) reduction in
obesity (BMI > 30 kg/m?) prevalence. Among those without CVD, estimated 10-year CVD risks were 10.15% “before” and
8.34% “after” semaglutide “treatment” reflecting a 1.81% absolute (and 17.8% relative) risk reduction translating to 1.50
million preventable CVD events over 10 years.

Conclusion Semaglutide treatment in eligible US adults may substantially reduce obesity prevalence and CVD events, which
may dramatically impact associated healthcare costs.
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Introduction 50 years is expected to continue. By 2030, every 1 in 2

US adults is expected to have obesity, with nearly 1 in 4

The prevalence of obesity in the United States adults in
2017-2020 is recently reported to be 41.9%, with the
proportion of overweight or obese at 73.6% [1]. There
are significant disparities by racial and ethnic groups,
with obesity being highest in non-Hispanic black females
(56.8%) [2]. The dramatic increase in obesity in the past
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having severe obesity [3]. Moreover, the effects of obesity
on cardiovascular disease (CVD) are well-established [4, 5],
and it is important to further demonstrate the importance of
body weight loss interventions on the prevention of CVD.
The evidence certain glucagon-like peptide 1 (GLP1)
receptor agonists have in reducing cardiovascular outcomes in
persons with diabetes [6, 7] has been of great interest. Recently,
however, GLP1 receptor agonists [8, 9] in higher dosages
than those used for diabetes that dramatically impact body
weight loss have generated further interest and investigation.
Semaglutide activates GLP1 receptors, improving incretin
function and insulin secretion (glucose-dependent), inhibiting
glucagon release and suppressing hepatic gluconeogenesis,
resulting in reductions in both fasting as well as postprandial
glucose [10]. The STEP 1 trial recently demonstrated the
efficacy of once weekly semaglutide 2.4 mg in adults who are
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overweight or with obesity, showing a 14.9% reduction in body
weight in the treated group compared to 2.4% in the placebo
group [9]. There were also improvements in blood pressure,
fasting plasma glucose, and lipids in the treated group relative
to the placebo.

It is important to understand the eligible US population
that could benefit from such therapy, its potential impact on
the US population-wide prevalence of overweight/obesity,
as well as the potential benefits on CVD outcomes. The
purpose of the present study is to 1) identify the eligible
US population based on the STEP 1 trial eligibility criteria
and 2) project the population-wide impact on weight loss,
obesity prevalence, and 3) estimate the preventable CVD
events based on the cardiovascular risk factor effects seen
in the Step 1 trial. Such information could further inform
the implications of the ongoing SELECT cardiovascular
outcomes trial [11].

Methods

We utilized data from the US National Health and Nutrition
Examination Surveys (NHANES) 2015-2018, which are
publicly available, and all participants gave prior consent
to participate in NHANES. Inclusion criteria from the
semaglutide STEP 1 trial [9] were applied to obtain our analytic
sample (Fig. 1). Participants were adults aged 18 years of age

or older with either a body mass index (BMI) of > 30 kg/m? or
a BMI of >27 kg/m? with at least one or more weight-related
comorbidities of the following: known CVD, hypertension,
dyslipidemia, or obstructive sleep apnea (as defined below).
Patients with diabetes mellitus (DM), acute pancreatitis,
bariatric surgery, or severe renal failure were excluded.

We estimated the number (with NHANES sample
weighting applied to estimating the population in millions)
and proportion of individuals in our projected US population
sample who would be eligible for semaglutide based on
the STEP 1 trial criteria and who are in the overweight
(BMI >27 kg/rn2 with known risks as described above)
or with obesity (BMI of >30 kg/m?) categories, and
by sex and ethnicity. NHANES provides data to define
hypertension as blood pressure (BP) > 130/80 mmHg or on
medication; dyslipidemia as total cholesterol >200 mg/dL
or triglycerides > 200 mg/dL, or on lipid medication; CVD
as a self-reported history of coronary heart disease, heart
attack, stroke, or heart failure; and obstructive sleep apnea
defined as occasional or frequent snore, snort or stopping
breathing while asleep at least 3 times a week. Exclusion
criteria available in NHANES were the following 1) history
of DM based on an HbAlc of 6.5% or greater, fasting
glucose > 126 mg/dL, non-fasting glucose >200 mg/dL, or
doctor told have DM, or taking DM medication or insulin,
2) history of pancreatitis or surgical obesity treatment, or 3)
end stage kidney disease based on an eGFR < 15 ml/min.
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We initially estimated how many US adults, in millions,
would achieve weight reductions of >5%, >10%, and > 15%,
stratified by gender and race based on the proportions achieving
these weight reductions in the semaglutide group in the STEP 1
trial [9]. We also determined estimated changes in obesity and
overweight prevalence among our study sample after applying
weight reductions from the STEP 1 trial semaglutide group to
our study sample and comparing it to the obesity and overweight
prevalences without “treatment”. Sex and ethnic-specific weight
changes in STEP 1 have also been previously reported and were
derived from a supplementary document [12].

Finally, based on the baseline level of CVD risk factors
from our observed NHANES population applied to the
Framingham risk scores for total CVD, we estimated in our
NHANES sample without prior CVD the 10-year CVD event
risk from the BMI-based Cox regression models published
by D’Agostino and colleagues [13] (Appendix). This was
repeated after applying the risk factor changes (in percent)
from the STEP 1 trial [9] to estimate the “post-treatment”
10-year CVD risk. These risk factor changes (calculated
from absolute body mass index and systolic blood pressure
reductions in the semaglutide group) included -14.66% for
BMLI, and -4.89% for systolic blood pressure (SBP) for risk
calculations based on BMI. This risk was multiplied by our
eligible population to estimate the number of CVD events
without semaglutide (baseline level) and with semaglutide
(post-treatment), the difference being the preventable CVD
events that would be expected from semaglutide treatment.
These analyses were stratified by gender and race, based on
the calculated BMI changes derived from the sex and ethnic-
specific weight changes obtained as described above. Our
primary analyses involved the use of the BMI-based models
(given that weight reduction was the primary endpoint in the
STEP 1 trial), and a sensitivity analysis was done using the
laboratory-based Eqs. (13) (Appendix) and the respective
Step 1 trial risk factor changes for total and high density
lipoprotein (HDL)-cholesterol (of -3.0% and +5.0%, respec-
tively) instead of BMI. SAS version 9.4 was used to for our
analyses. This study utilized publicly available de-identified
data and was exempt from institutional review board review.

Results

Among 19,225 participants in the NHANES 2015-18 we
identified 3,999 (projected to 93.0 M) who fit STEP 1 trial
eligibility criteria and were included in our analytic sample.
Descriptive statistics on demographic and risk factor
characteristics were obtained from the NHANES database and
were presented for comparison along placebo group data from
the STEP 1 trial (Table 1). While mean age was comparable
between the STEP 1 trial and our NHANES sample (47 years),
our NHANES sample had a smaller proportion who were

female and of white or Asian race/ethnicity, while more were
Black or Hispanic/Latino. Our NHANES sample also had
higher proportion with pre-diabetes, but a lower mean BMI
and lower proportions of participants with class II and class
IIT obesity, as well as lower diastolic blood pressure (DBP),
low-density lipoprotein cholesterol (LDL-C), and triglyceride
levels compared to the STEP 1 group. Our NHANES sample
tended to have fewer comorbidities than the STEP 1 sample.

Changes in Body Weight

Table 2 and Fig. 1 estimated the number of US adults
from our STEP 1 eligible sample that would be expected
to have > 5%, > 10%, and > 15% weight reductions from
semaglutide 2.4 mg treatment. Based on the STEP 1
trial results demonstrating 86.4%, 69.1%, and 50.5% of
semaglutide treated persons would have >5%, > 10%,
and > 15% weight reductions, respectively, among our
projected sample of 93.0 million persons, we could estimate
this to translate to 80.4 M, 64.3 M, and 47.0 M persons,
respectively. Even if accounting for placebo effects, 41.9 M
persons would be expected to have > 15% weight reductions,
and 51.8 M would have > 10% weight reductions. The
number of participants with each degree of weight reduction
was roughly equal between males and females, with the
greatest proportion being among white persons (Fig. 2).

Changes in Overweight and Obesity Prevalence

Among our study sample, “treatment” with semaglutide
2.4 mg weekly was estimated to be associated with substantial
reductions in obesity prevalence of 46.1%, corresponding
to 43.0 M fewer persons with obesity, with many of these
transitioning to the overweight category (where there was
an increased prevalence of 29.3%). Importantly, 16.8% of
our sample, corresponding to 17.5 M persons would now be
expected to be in the normal weight category (Table 3 and
Fig. 3). Sex stratified analyses showed a roughly equivalent
number of women (20.4 M) and men (22.5 M) no longer with
obesity after semaglutide “treatment".

Changes in CVD 10-year Risk and Preventable CVD
Events

Among our sample, 3,493 (82.8 M) were without prior CVD
and eligible for CVD 10-year risk estimation as described
above. 10-year CVD risk (%) estimates before and after
“treatment” in our study sample are shown in Table 4 along
with the corresponding numbers of estimated CVD events,
with the difference being the “preventable” CVD events. The
average risk for the whole sample pre-treatment was 10.15%,
being expectedly lower in females and higher in males, with
whites having the highest average risk, with the corresponding
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Table 1 Descriptive Statistics
among Step 1 Trial and
NHANES Sample Participants

@ Springer

Characteristic STEP 1 Trial Placebo* NHANES Sample
(N=655) (N=3999)93.0 M
Age - Yr 47112 473+0.5
Female Sex — No. (%) 498 (76.0) 2167 (50.6, 47.1 M)
Race or ethnic group — no. (%)
White 499 (76.2) 1400 (63.3, 58.9 M)
Asian 80 (12.2) 231 (2.55,2.38 M)
Black or African American 39 (6.0) 971 (12.0, 11.1 M)
Other 37 (5.6) 202 (4.93,4.58 M)
Hispanic or Latino ethnic group — no. (%) 86 (13.1) 1195 (17.2, 16.1 M)
Body weight — kg 105.2+21.5 97.8+0.5
Body-mass index
Mean 38.0+6.5 344+0.2
Distribution — no. (%)
<30 36 (5.5) 815 (19.9, 18.5 M)
>30 to <35 (Class I obesity) 207 (31.6) 1757 (44.6, 41.5 M)
>35 to <40 (Class II obesity) 208 (31.8) 818 (20.6, 19.2 M)
>40 (Class III obesity) 204 (31.1) 609 (14.5, 13.9 M)
Waist circumference — cm 114.8+14.4 111.4+04
Glycated hemoglobin — % 5.7+0.3 5.5+0.008
Prediabetes — no. (%) 263 (40.2) 2002 (47.4,44.1 M)
Blood pressure — mm Hg
Systolic 127+ 14 125.5+0.4
Diastolic 80+10 73.1+0.4
Pulse — beats/min 72+10 72.9+0.3
Lipid levels
Total cholesterol (mg/dL) 192.1 (19.4) 195.1+£1.5
HDL cholesterol (mg/dL) 49.5 (25.0) 50.8+0.4
LDL cholesterol (mg/dL) 112.5 (29.8) 117.5+0.9
Triglycerides (mg/dL) 127.9 (49.0) 119.7+2.3
Estimated glomerular filtration rate ml/min/1.73 m? 95.9 (18.3) 95.0+0.7
Coexisting conditions at the time of screening**
Dyslipidemia — no. (%) 226 (34.5) 1561 (39.2, 36.5 M)
Hypertension — no. (%) 234 (35.7) 1688 (39.3, 36.6 M)
Knee osteoarthritis — no. (%) 102 (15.6) 491 (14.8, 13.8 M)
Obstructive sleep apnea — no. (%) 71 (10.8) 278 (6.7, 6.2 M)
Asthma or chronic obstructive pulmonary disease — 80 (12.2) 495 (12.4,11.6 M)
no. (%)
Nonalcoholic fatty liver disease — no. (%) 62 (9.5) 46 (1.2, 1.1 M)
Coronary artery disease — no. (%) 17 (2.6) 143 (3.1,2.8 M)
No. of coexisting conditions at screening — no. (%)
None 163 (24.9) 1292 (32.3, 30.0 M)
1 187 (28.5) 1340 (34.8, 32.4 M)
2 135 (20.6) 881 (20.5, 19.1 M)
3 96 (14.7) 367 (9.5, 8.8 M)
4 43 (6.6) 101 24,22 M)
>5 31 4.7) 18 (0.6, 0.54 M)

Continuous variables in the STEP 1 trial are reported as mean=coefficient of variation and in NHANES
as mean=standard error. *STEP 1 trial placebo characteristics (which are similar to the intervention group
characteristics in the trial) are shown for comparison with the NHANES eligible sample. For the STEP 1 sample,
the Hispanic/Latino category presented is not mutually exclusive of the other race/ethnic groups. Categorical
variables are reported as unweighted frequency (weighted percentage, weighted frequency in millions)
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Table 2 Estimated US Adults
with>5,>10, and>15%

Overall Sample Placebo (N=3999) 93.0 M

Weight Reductions Based (3999,
on STEP 1 Trial Placebo, 93.0M)
Semaglutide, and Treatment >5% 31.5%/1260/32.9 M
Group Differences >10% 12.0%/480/12.5 M
>15% 4.9%/196/5.1 M
Women Placebo (N=2167)47.1 M
>5% 31.5%/683/14.8 M
>10% 12.0%/260/5.7 M
>15% 4.9%/106/2.3 M
Men Placebo (N=1832) 46.0 M
>5% 31.5%/577/14.5M
>10% 12.0%/220/5.5 M
>15% 4.9%/90/2.3 M
White Placebo (N=1400) 58.9 M
>5% 31.5%/441/18.6 M
>10% 12.0%/168/7.1 M
>15% 4.9%/69/2.9 M
Asian Placebo (N=231) 2.38 M
>5% 31.5%/73/0.8 M
>10% 12.0%/28/0.3 M
>15% 4.9%/11/0.1 M
Black Placebo (N=971) 11.1 M
>5% 31.5%/306/3.5 M
>10% 12.0%/117/1.3 M
>15% 4.9%/48/0.54 M
Hispanic Placebo (N=1195) 16.1 M
>5% 31.5%/376/5.1 M
>10% 12.0%/143/1.9 M
>15% 4.9%/59/0.79 M
Other Placebo (N=202) 4.58 M
>5% 31.5%/64/1.4 M
>10% 12.0%/24/0.55 M
>15% 4.9%/10/0.22 M

Semaglutide (N=3999) 93.0 M

86.4%/3455/80.4 M
69.1%/2763/64.3 M
50.5%/2019/47.0 M
Semaglutide (N=2167) 47.1 M
86.4%/1872/40.7 M
69.1%/1497/32.5 M
50.5%/1094/23.8 M
Semaglutide (N=1832) 46.0 M
86.4%/1583/39.7 M
69.1%/1266/31.8 M
50.5%/925/23.2 M

Semaglutide (N=1400) 58.9 M
86.4%/1210/50.9 M
69.1%/967/40.7 M
50.5%/707/29.7 M

Semaglutide (N=231) 2.38 M
86.4%/200/2.1 M
69.1%/160/1.6 M
50.5%/117/1.2M

Semaglutide (N=971) 11.1 M
86.4%/839/9.6 M
69.1%/671/7.7TM
50.5%/490/5.6 M

Semaglutide (N=1195) 16.1 M
86.4%/1032/13.9 M
69.1%/826/11.1 M
50.5%/603/8.1 M

Semaglutide (N=202) 4.58 M
86.4%/175/4.0 M
69.1%/140/3.2 M
50.5%/102/2.3 M

Semaglutide-Placebo Diff

54.9%/2195/47.5 M
57.1%/2283/51.8 M
45.6%/1823/41.9 M
Semaglutide-Placebo Diff
54.9%/1189/25.9 M
57.1%/1237/26.9 M
45.6%/988/21.5 M
Semaglutide-Placebo Diff
54.9%/1006/25.2 M
57.1%/1046/26.3 M
45.6%/835/21.0 M
Semaglutide-Placebo Diff
54.9%1769/32.3 M
57.1%/799/33.6 M
45.6%1638/26.8 M
Semaglutide-Placebo Diff
54.9%/127/1.3 M
57.1%/132/1.4 M
45.6%/106/1.1 M
Semaglutide-Placebo Diff
54.9%/533/6.1 M
57.1%/554/6.3 M
45.6%/442/5.1 M
Semaglutide-Placebo Diff
54.9%/656/8.8 M
57.1%/683/9.2 M
45.6%/544/1.3 M
Semaglutide-Placebo Diff
54.9%/111/2.5 M
57.1%/116/2.6 M
45.6%/92/2.1 M

number of estimated CVD events in 10 years reflecting this.
Application of the risk factor changes in STEP 1 yielded an
overall risk reduction of 1.81% (and a relative risk reduction
of 17.8%), with the greatest absolute reduction in risk among
males (2.20%) and white persons (2.01%). With an estimated
8.41 M events without treatment with semaglutide, compared
to 6.91 M events with treatment, we estimate a total number of
preventable CVD events of 1.50 M, with most of these events
being prevented among males (0.91 M) and among white
persons (1.01 M). In a sensitivity analysis using the laboratory-
based equations that utilize total and HDL-C cholesterol
(and their respective changes as observed from semaglutide
treatment in the STEP 1 trial) instead of BMI, estimated pre-
treatment and post-treatment CVD risks were 7.62% and 6.52%
for an absolute risk reduction of 1.10% (and a relative risk
reduction of 14.4%), with an estimated preventable CVD events
of 0.86 M. Absolute risk reduction was greater among males

(1.28%) than females (0.92%), with absolute risk reductions
of 1.28% and 0.92%, respectively. White persons also had
the greatest absolute risk reduction (1.23%) and number of
projected preventable CVD events (0.60 M).

Discussion

Our study suggests that approximately 93 million US adults
with overweight and obesity would be potentially eligible
for semaglutide 2.4 mg for weight loss based on STEP 1
eligibility criteria. Approximately 80, 64, and 47 million of
these persons would be expected to experience > 5%, > 10%
or > 15% weight reductions, respectively, and nearly half
(46% representing 43 million persons) of those initially
with obesity would no longer have obesity after treatment.
Moreover, we estimate up to 1.5 million CV events could

@ Springer



Cardiovascular Drugs and Therapy

Vo)
o

80.4

# of People (Millions)
w S w [e2) ~ 0
o Q o o (o] o
=y
~N

N
o

=
o

40.7
325
I 23.8

Women

5
39.7
31.8
I 23.2
O | -
Men

Overall

0.9
40.7
| 29.7

White

13.9
11.1
29 717 8.1
I I ¥ I D

40 35
2.06 16 12 ot 2.3
Asian Black Hispanic Other

H>5% m>10% m=>15%

Fig.2 Number of US Adults (Millions) Estimated to have >5,> 10, and>15% Body Weight Reductions from Semaglutide 2.4 mg Projected

from the National Health and Nutrition Examination Surveys 2015-2018

be prevented over a 10-year period from the expected
risk factor changes resulting from such treatment, based
on our estimate of a 1.8% absolute risk reduction (and
corresponding 17.8% relative risk reduction). These
findings have important implications for the potential US
population-wide impact of semaglutide 2.4 mg therapy for
persons with overweight or obesity.

There has been great interest in GLP1-RA and even more
novel therapies to treat obesity. While once daily liraglutide
3.0 mg was initially approved for obesity, more recently, once
weekly semaglutide 2.4 mg has been approved. In general,
weight reduction from GLP1-RA therapy in those without
diabetes (but with overweight or obesity) tends to be greater
(6.1-7.4%) than in those with diabetes (4% to 6.2%) [14]. In
the SCALE study involving 3.0 mg daily liraglutide for per-
sons without DM, but with BMI>30 kg/m? or>27 kg/m? if
with dyslipidemia or hypertension, those on liraglutide lost an
average of 8% of their body weight, with 63%, 33%, and 14%
losing at >5%,> 10%, and > 15% of body weight, respectively
[15]. Using similar BMI cutpoints for semaglutide 2.4 mg in
the STEP 1 trial, there was an overall 15.3 kg weight loss cor-
responding to a 14.9% reduction, with 88.4% and 69.1% show-
ing weight reductions of at least 5% and 10%, respectively
[9]. More recently, in the SURMOUNT-1 trial, the novel dual
glucose-dependent insulinotropic polypeptide (GIP) and gluca-
gon-like peptide-1 (GLP-1) receptor agonist (RA) tirzepatide
showed a mean 15.0% reduction in weight with 91% of par-
ticipants on the 15 mg once weekly dosage having at least 5%

@ Springer

weight loss; 57% of participants had 20% or more body weight
reductions [16].

GLP1-RA as well as GIP-GLP-1 RA therapies also show
improvements in cardiometabolic risk factors which may
explain their cardiovascular risk reduction potential. In the
SCALE study, liraglutide 3.0 mg daily showed reductions of
systolic and diastolic blood pressure of 4.2 and 2.6 mmHg,
respectively, and reductions in LDL-cholesterol and tri-
glycerides of 3.0% and 13.3%, respectively, and increases in
HDL-cholesterol of 2.3% [15]. In STEP 1 involving semaglu-
tide, there was a reduction in body mass index of 5.5 kg/m2,
with corresponding reductions in systolic blood pressure of
6.2 mmHg along with reductions in total and LDL-cholesterol
of 3% each, increases in HDL-cholesterol of 5%, and reductions
in triglycerides of 22% [9]. In the SURMOUNT-1 trial [16],
among the pooled tirzepatide groups, there was a 7.2 mmHg
reduction in systolic blood pressure with reductions in non-
HDL-C and triglycerides of 9.7% and 24.8%, respectively, and
increases in HDL-C of 8.0%. The ongoing SELECT trial [11]
will inform how semaglutide therapy and its associated risk
factor changes translates into cardiovascular outcomes in adults
with obesity and established CV disease and without diabetes.

There are limited real-world data on the population-wide
impact of these therapies, although some data exist on the
use of these therapies specifically in persons with diabetes. In
an analysis of the US Diabetes Collaborative Registry [17],
Arnold and colleagues studied 182,525 patients with diabe-
tes in the US Diabetes Collaborative Registry that included
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Table 3 Proportion and Number
of US Adults (n and millions)
Pre and Post-Semaglutide
Treatment in Each Weight
Category Based on Observed
Weight Changes

Overall Sample: (3999, 93.0 M)

Normal (<25)
Overweight (25 to <30)
Obese (=30)

Women: (2167, 47.1 M)
Normal (<25)
Overweight (25 to <30)
Obese (=30)

Men: (1832, 46.0 M)
Normal (<25)
Overweight (25 to <30)
Obese (>30)

White: (1400, 58.9 M)
Normal (<25)
Overweight (25 to <30)
Obese (>30)

Asian: (231, 2.38 M)
Normal (< 25)
Overweight (25 to <30)
Obese (>30)

Black: (971, 11.1 M)
Normal (< 25)
Overweight (25 to <30)
Obese (>30)

Hispanic: (1195, 16.1 M)
Normal (< 25)
Overweight (25 to <30)
Obese (>30)

Other: (202, 4.58 M)
Normal (< 25)
Overweight (25 to <30)
Obese (=30)

Pre-Treatment
0%/0/0.00 M
19.9%/815/18.5 M
80.1%/3184/74.6 M
Pre-Treatment
0%/0/0.0 M
15.8%/355/7.4 M
84.2%/1812/39.6 M
Pre-Treatment
0%/0/0.0 M
24.0%/460/11.0 M
76.0%/1372/34.9 M
Pre-Treatment
0%/0/0.0 M
21.1%/313/12.4 M
78.9%/1087/46.5 M
Pre-Treatment
0%/0/0.0 M
32.9%/83/0.78 M
67.1%/148/1.6 M
Pre-Treatment
0%/0/0.0 M
14.4%/158/1.6 M
85.6%/813/9.5 M
Pre-Treatment
0%/0/0.0 M
17.3%/231/2.8 M
82.7%/964/13.3 M
Pre-Treatment
0%/0/0.0 M
19.9%/30/0.91 M
80.1%/172/3.7TM

Post-Treatment
16.8%/630/17.5 M

49.2%/1955/45.7 M
34.0%/1414/31.6 M

Post-Treatment
13.1%/274/6.2 M

46.2%/1003/21.7 M

40.8%/890/19.2 M
Post-Treatment
20.7%/356/9.52 M
52.3%/952/24.0 M
27.0%/524/12.4 M
Post-Treatment
19.7%/288/11.6 M
49.3%/669/29.0 M
31.1%/443/18.3 M
Post-Treatment
14.7%/39/0.4 M
64.6%/146/1.5 M
20.7%/46/0.5 M
Post-Treatment
11.3%/125/1.3 M
43.1%/427/4.8 M
45.6%/419/5.1 M
Post-Treatment
12.5%/165/2.0 M
52.0%1628/8.4 M
35.4%/402/5.7TM
Post-Treatment
10.2%/13/0.47 M
44.8%/85/2.1 M
45.0%/104/12.1 M

Difference
+16.8%/+630/+17.5M
+29.3%/+1140/+272 M
-46.1%/-1770/-43.0 M
Difference
+13.1/4+274/6.2 M
+30.4%/+648/+14.3 M
-43.4%/-922/-20.4 M
Difference
+20.7%/+356/+9.5M
+28.3%/+492/+13.0 M
-49.0%/-848/-22.5 M
Difference
+19.7%/+288/+11.6 M
+28.2%/+356/+16.6 M
-47.8%/-644/-28.2 M
Difference
+14.7%/+39/+0.4 M
+31.7%/+63/+0.8 M
-46.4%/-102/-1.1 M
Difference
+11.3%/+125/+13M
+28.7%/+269/+3.2M
-40.0%/-394/-4.5 M
Difference
+12.5%/+165/+2.0 M
+34.7%/+397/5.6 M
-47.3%/-562/-7.6 M
Difference
+10.2%/+13/+0.47M
+24.9%/+55/+1.1 M
-35.1%/-68/-1.6 M

313 cardiology, endocrinology, and primary care practices
and noted that 48% of such patients fit LEADER eligibility
criteria; use among such patients was estimated to potentially
prevent 247 MlIs and 329 CV deaths per year of treatment
(or 300 MlIs and 400 CV deaths per 100,000 eligible patients
treated for 1 year). Moreover, Fan et al. [18], estimated lira-
glutide eligibility and potential preventable events among
the US National Health and Nutrition examination estimated
population of 27.3 million persons with diabetes, 15.4%
(4.2 million) fit LEADER eligibility criteria, and based on
LEADER cardiovascular outcome risk reductions from the
1.8 mg liraglutide (or maximally tolerated dose) used in the
trial, we estimated 21,209 primary composite CVD events,
29,691 extended CVD composite outcomes, 16,967 all-cause
deaths, 16,967 cardiovascular deaths, and 12,725 myocardial
infarctions could potentially be prevented annually. Finally, in
a recent analysis of NHANES, Lu et al. [19] showed 51.1%
of US adults were estimated to meet the Food and Drug

Administration eligibility criteria for semaglutide 2.4 mg,
with the percentage highest among Black adults (56.6%), fol-
lowed by Hispanic adults (55.0%), with overall 11.9% being
uninsured, 13.3% lacking a usual source of care, 33.6% having
low family income, and 38.9% lacking higher education. The
current study provides further insight into the potential impact
of semaglutide-eligible US adults on obesity prevalence and
CVD outcomes.

This study has important strengths, limitations, and assump-
tions. A key strength of this study is the utilization of the
NHANES cohort of US adults which provides sample weight-
ing allowing US population estimation of STEP 1 eligible US
adults and preventable CVD events among the ethnically diverse
US population. While NHANES does utilize self-reported meas-
ures for certain factors, including CVD status, the reliability of
such self-report measures has been confirmed previously [20];
however, our key measures that do impact on cardiovascular risk
status, namely weight (for calculation of body mass index), blood
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Fig.3 US Adults with Obesity, in Millions Before and After Semaglutide Treatment Based on Observed Weight Changes Projected from the

National Health and Nutrition Examination Surveys 2015-2018

Table 4 Estimated Cardiovascular Events and Preventable Events, based on BMI parameters

n (M) CVD Risk CVD Risk Difference CVD Events Pre CVD Events Post  Difference
Pre-Treatment (%) Post-Treatment (%)

Overall 3493 (82.8M) 10.15% 8.34% 1.81% 355 (8.41 M) 291 (6.91 M) 63 (1.50 M)
Females 1915 (42.2M) 7.64% 6.24% 1.41% 146 (3.22 M) 119 (2.63 M) 27 (0.59 M)
Males 1578 (41.5M) 12.71% 10.51% 2.20% 201 (5.27 M) 166 (4.36 M) 35(0.91 M)
Whites 1187 (50.1M) 11.60% 9.59% 2.01% 138 (5.81 M) 114 (4.80 M) 24 (1.01 M)
Asians 210 (2.1M) 7.07% 5.79% 1.28% 15 (0.15 M) 12 (0.12 M) 3(0.03M)
Blacks 833 (9.8M) 9.00% 7.39% 1.61% 75 (0.88 M) 62 (0.72 M) 13 (0.16 M)
Hispanic 1087 (14.8M) 6.95% 5.68% 1.27% 76 (1.03 M) 62 (0.84 M) 14 (0.19 M)
Other 176 (4.0M) 6.64% 5.43% 1.21% 12 (0.27 M) 10 (0.22 M) 2 (0.05 M)

Estimates combining strata may not total overall due to rounding error

pressure, and lipids, are all measured variables in NHANES.
Since NHANES included only baseline assessments, the impact
of changes in factors such as caloric intake cannot be assessed,
nor was this a factor assessed in the STEP 1 trial. However, one
limitation is that while we are utilizing STEP 1 eligibility cri-
teria to identify the eligible NHANES participants, there may
be differences between our participants and the STEP 1 clinical
trial participants, and therefore the weight loss and cardiovascu-
lar risk factor changes observed in STEP 1 may not be entirely
translatable to our NHANES sample. For instance, our sample
had fewer comorbidities as well as a lower proportion of more
severely obese individuals. This would be expected to result in

@ Springer

our study sample being of lower CVD risk at baseline, along
with lower absolute projected reductions in risk and estimated
CVD events than that which would have been predicted had our
participants more closely matched those enrolled in the STEP
1 trial. As we are applying STEP 1 trial treatment effects to our
NHANES sample, we are assuming the treatment effects will be
the same in our cohort as in the STEP 1 trial. In addition, since
we are applying the semaglutide group treatment effects in our
estimations of preventable CVD events, it is uncertain whether
our estimated preventable CVD events can be assumed to be due
exclusively to semaglutide, or could be the result of other risk
factor interventions. We also used the actual semaglutide group
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treatment effects (rather than placebo-adjusted) which are felt to
better represent the real-world effects we are projecting the STEP
1 trial results to. Finally, while the Framingham Risk Scores are
a standard for estimating CVD events, like most risk scores, they
are not as accurate as capturing actual CVD events as would
be the case in a true cardiovascular outcomes clinical trial. The
equations (as well as other risk scores) do not include all possible
factors (e.g., family history or other “risk enhancing” factors) that
could affect CVD risk. Advantages of using the Framingham
total CVD risk score [12] to project CVD risk over other equa-
tions is its inclusion of persons beginning age 20 and prediction
of total CVD events (not just myocardial infarction and stroke,
but also angina, heart failure and peripheral arterial disease are
included in the outcome as they are also important CVD mani-
festations) instead of only hard ASCVD events as most other
CVD risk scores feature. While our sensitivity analysis suggests
lower risks and a lower number of preventable CVD events from
using laboratory-based equations incorporating total and HDL-
cholesterol changes instead of BMI changes, it is possible that
treatment for hypercholesterolemia in a number of subjects (17%
were estimated to be on cholesterol-lowering medication) may
have resulted in lower cholesterol levels and underestimated risks.
Moreover, estimating risks based on BMI changes can addition-
ally reflect changes in risk due to on changes in triglycerides
and inflammatory factors such as c-reactive protein, which are
significantly impacted by semaglutide treatment.

In conclusion, our study suggests over 90 million US adults
with overweight or obesity would be potentially eligible for
semaglutide treatment for chronic weight management. Such
treatment could reduce by nearly half the size of the population
with obesity, as well as prevent up to 1.5 million CVD events
if treated for 10 years. This could have a significant impact on
reducing healthcare costs associated with obesity and CVD.
The ongoing SELECT trial [10] will document the actual
impact of semaglutide treatment on cardiovascular outcomes
in high-risk adults and established CVD and without diabetes.

Appendix

Equations Used for Obtaining CVD 10-Year Risk, Based
on the Cox Model (based on D’Agostino RB et al. [13])

BMI-Based Calculations:

Women:

SBPBeta for Treatment=2.88267; SBPBeta for
Non-Treatment=2.81291;

RiskPart=2.72107*log(Age) + 0.51125*log(BMI) +
SBPBeta*log(SBP)+ 0.61868*Smoker + 0.77763*Diabetes.

CVDRisk = 1_0'94833.exp(RiskPart—26.0145)

Men:

SBPBeta for Treatment=1.92672; SBPBeta for
Non-Treatment = 1.85508;

RiskPart=3.11296*log(Age) + 0.79277*log(BMI) +
SBPBeta*log(SBP)+0.70953*Smoker + 0.53160*Diabetes;

CVDRisk = 1-0.88431 .exp(RiskPart—23.9388)

Laboratory-Based (Cholesterol) Calculations:

Women:

SBPBeta for Treatment=2.82263; SBPBeta for
Non-Treatment=2.76157;

RiskPart =2.32888*log(Age) + 1.20904*log(Total
Cholesterol)-0.70833*log(HDL) + SBPBeta*log(SBP) +
0.61868*Smoker + 0.77763*Diabetes;

CVDRisk = 1_0'95012.exp(RiskPart—26.]93l)

Men:

SBPBeta for Treatment=1.99881; SBPBeta for
Non-Treatment =1.93303;

RiskPart=3.06117*log(Age) + 1.12370*log(Total
Cholesterol)-0.93263*log(HDL) + SBPBeta*log(SBP) +
0.70953*Smoker + 0.53160*Diabetes;

CVDRisk = 1_0'88936.exp(RiskPartChol—23.9802)
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