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Abstract

Aim: To assess the effect of tirzepatide on long-term risk of atherosclerotic

cardiovascular disease (ASCVD) among people with obesity or overweight without

diabetes from SURMOUNT-1.

Materials and Methods: SURMOUNT-1, a phase 3 trial, evaluated the efficacy and

safety of tirzepatide in adults with body mass index ≥30 or ≥27 kg/m2 and at least one

weight-related complication, excluding diabetes. Participants were randomly assigned

to tirzepatide (5/10/15 mg) or placebo. Changes from baseline in cardiometabolic vari-

ables were assessed. The predicted 10-year ASCVD risk scores were calculated

(American College of Cardiology/American Heart Association risk engine) at baseline,

week 24, and week 72 in SURMOUNT-1 participants without a history of ASCVD.

Percent change in risk scores from baseline to weeks 24 and 72 was compared

between tirzepatide and placebo using mixed model for repeated measures analysis.

Analyses were also conducted in participants with intermediate to high risk at baseline.

Results: Tirzepatide-treated groups demonstrated reductions in cardiometabolic vari-

ables over 72 weeks. In participants without a history of ASCVD (N = 2461), the

baseline median risk score was low and did not differ across groups (1.5%–1.6%). Rel-

ative change in risk from baseline to week 72 was greater for tirzepatide (�23.5% to

�16.4%) than placebo (12.7%; P < 0.001). Relative change among participants with

intermediate-to-high baseline risk was significantly greater for tirzepatide (P < 0.05).

Intermediate-to-high-risk participants demonstrated similar relative change but

greater absolute risk reduction compared to the overall population.

Conclusion: Tirzepatide treatment significantly reduced the 10-year predicted risk of

ASCVD versus placebo in patients with obesity or overweight without diabetes.
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1 | INTRODUCTION

Obesity is a chronic, progressive disease with a rising prevalence,1 and

more than 500 million adults are currently impacted worldwide.2

There are numerous serious complications associated with obesity,

including type 2 diabetes (T2D), hypertension, dyslipidaemia, cardio-

vascular disease (CVD), and CVD mortality.3–8 Effective obesity treat-

ments may reduce obesity-related morbidity and mortality, including

atherosclerotic CVD (ASCVD) and CVD mortality.3,5,9

Treatment of obesity requires an individualized, multifaceted

approach. Although previous clinical recommendations have focused on

lifestyle changes, including dietary modification and increased physical

activity, as the first line of treatment, current clinical guidelines

increasingly recognize the benefits of anti-obesity pharmacotherapy as

an adjunct to lifestyle modification.10–13 Long-acting glucagon-like

peptide-1 (GLP-1) receptor agonists have demonstrated promising

weight reduction in recent studies,14,15 together with improvements in

CVD risk factors including waist circumference, systolic blood pressure

(SBP), triglycerides, high-density lipoprotein (HDL) cholesterol, and low-

density lipoprotein (LDL) in individuals with obesity.16,17 In addition,

commercially available GLP-1 receptor agonists have demonstrated

improvements in major adverse cardiovascular events in patients with

T2D.18 Like GLP-1, glucose-dependent insulinotropic polypeptide (GIP) is

an incretin hormone involved in energy and nutrient metabolism; com-

bining GLP-1 and GIP receptor agonism has the potential to enhance the

weight-loss effects seen with GLP-1 receptor agonism alone.19,20

Tirzepatide, a novel, once-weekly GIP and GLP-1 dual receptor

agonist, is approved for treatment of T2D and is in development for

chronic weight management in patients with obesity. Tirzepatide has

previously shown significant glycated haemoglobin (HbA1c) and

weight reduction in the SURPASS clinical trial programme in adults

with T2D,21–25 without any indication of an increase in the risk of

major cardiovascular events.25,26 A recent phase 3, randomized clinical

trial, SURMOUNT-1, which investigated the safety and efficacy of tir-

zepatide in people with obesity or overweight, without diabetes, dem-

onstrated substantial and sustained mean body weight reduction of

up to 22.5% (NCT04184622).27 Data from SURMOUNT-1 have also

shown improvements in cardiometabolic parameters, including SBP,

diastolic blood pressure (DBP), and lipid levels at week 72.

Although the improvements in cardiovascular risk factors in

SURMOUNT-1 are promising, the effect of tirzepatide on the long-

term risk of ASCVD in people with obesity or overweight is still

unknown. Therefore, the aim of this study was to assess the impact of

tirzepatide treatment on the 10-year predicted risk of ASCVD among

SURMOUNT-1 trial participants with obesity or overweight.

2 | MATERIALS AND METHODS

2.1 | Study design

This was a post hoc analysis of the SURMOUNT-1 clinical trial using

patient-level data to compare the percent change in risk for long-term

ASCVD outcomes from baseline up to 72 weeks between tirzepatide-

and placebo-treated groups. Details of the SURMOUNT-1 study

design have been published previously.27 Briefly, SURMOUNT-1, a

phase 3, randomized, double-blind, placebo-controlled study, included

adults (age ≥18 years) with obesity (body mass index [BMI]

≥30 kg/m2) or overweight (BMI ≥27 kg/m2 and at least one weight-

related complication) without diabetes. Participants were randomly

assigned in a 1:1:1:1 ratio to receive tirzepatide at a dose of 5, 10 or

15 mg, or placebo, administered subcutaneously once weekly for

72 weeks in combination with lifestyle intervention. Tirzepatide treat-

ment was initiated at 2.5 mg and escalated every 4 weeks in 2.5-mg

increments during the dose-escalation period.

The original SURMOUNT-1 trial was conducted in accordance

with the Declaration of Helsinki and Good Clinical Practice guidelines.

Protocols were approved by independent ethics committees or insti-

tutional review boards.

2.2 | Study population

The cardiometabolic outcome analysis used the efficacy analysis set

(EAS) from the SURMOUNT-1 trial, which included data obtained dur-

ing the treatment period from 2539 participants in the modified

intention-to-treat (mITT) population. The EAS included all mITT partic-

ipants (all randomly assigned participants who received at least one

dose of study drug), excluding data after discontinuation of study drug

(last dose date +7 days). The post hoc risk prediction analysis

excluded any participant who had a lifetime history of CVD events at

baseline. CVD events at baseline are defined in Supplementary

Table S1. The original study participant consent covered the analyses

conducted in the present study.

2.3 | Variables and outcomes

The cardiometabolic outcome variables were measured at various

time points between baseline and week 72 in the original

SURMOUNT-1 mITT population. Changes in antihypertensive and

antihyperlipidaemic therapy and cardiometabolic variables, includ-

ing waist circumference, lipids, blood pressure, HbA1c and fasting

glucose, were assessed. The demographic and baseline clinical

characteristics were summarized descriptively in the study popula-

tion by treatment group in participants without CVD events at

baseline. The 10-year predicted ASCVD risk was calculated at

baseline, week 24 and week 72, and the percent change from

baseline to weeks 24 and 72 was compared between tirzepatide

5, 10 and 15 mg and placebo. The risk scores were also grouped

into low (<5.0%), borderline (≥5.0% to <7.5%), intermediate (≥7.5%

to <20%), or high (≥20.0%) risk categories according to the Ameri-

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

guidelines. Due to the low overall predicted ASCVD risk scores,

the 10-year predicted risk score and percent change from baseline

were also assessed in the intermediate-to-high baseline risk score
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group. Additionally, the change in risk factors over time were

assessed. The model input of smoking status was collected at

baseline and assumed to remain constant throughout the study

period. Throughout the 72-week study period, the adverse event

of T2D was reported in five participants (four in the placebo

group, and one in the tirzepatide group). However, since the num-

ber of events was low and they were not adjudicated, incidence of

T2D was not considered in the trial population for the risk engine.

The ASCVD predicted risk was calculated using a risk engine

developed by the ACC/AHA in 2013.28,29 Several cohorts were used

to develop the model, including African American and White partici-

pants aged 40 to 79 years. The model inputs included sex, race, age,

total cholesterol, HDL, SBP, treatment for blood pressure, presence of

diabetes mellitus, and current smoking status. The ACC/AHA risk

engine was developed using a Cox regression model. The model

inputs were used in a cross-sectional manner, such that the values for

a given period are not influenced or calculated relative to other time

points. Week 72 was the primary study endpoint and week 24 was an

interim visit for the SURMOUNT-1 trial. ASCVD risk was calculated at

these time points as all necessary model inputs were collected at both

time points. Missing predictors were not imputed. Risk scores for par-

ticipants with missing predictors were not calculated.

2.4 | Analyses

Mean changes in cardiometabolic parameters were derived from a

mixed model for repeated measures (MMRM) analysis of the EAS or

the safety analysis set. The lipid parameters were analysed on a log-

scale and reported as mean percent change over time. The relative

change from baseline of the risk scores was analysed using an MMRM

with model terms of baseline risk score, country, treatment group,

time point, and treatment-by-time-point interaction. Due to its skew-

ness, the risk scores were analysed on a log-scale in the MMRM anal-

ysis and reported as mean percent change. The number and

percentage of participants in each risk score category (low, borderline,

intermediate and high) were reported by treatment group at each time

point. The changes in the participants' risk categories from baseline to

weeks 24 and 72 were also analysed using a repeated measurement

ordinal logistic regression on the following three ordered outcomes:

1. Improved ASCVD risk profile: participant shifted from a higher risk

category at baseline to a lower risk category at week 24 or 72.

2. Worsened ASCVD risk profile: participant shifted from a lower risk

category at baseline to a higher risk category at week 24 or 72.

3. Stable ASCVD risk profile: participant stays in the same risk cate-

gory at baseline and week 24 or 72.

Treatment group (pooled tirzepatide and placebo), time point,

treatment-group-by-time-point interaction, and baseline risk score

were included as model terms in the regression. The odds ratios of tir-

zepatide versus placebo were assumed to be the same for the out-

come of improved ASCVD risk profile relative to maintaining a stable

ASCVD risk profile and for the outcome of stable ASCVD risk profile

relative to the worsened risk profile.

The primary analysis was performed among all participants free of

CVD at baseline without consideration for CVD events that occurred

during the study. Sensitivity analyses evaluated the robustness of this

methodological choice. Sensitivity analysis 1 was conducted among

participants aged ≥40 to ≤79 years at baseline to reflect the popula-

tion in which the ACC/AHA risk engine was developed. Sensitivity

analysis 2 excluded participants who experienced a CVD event post-

baseline. For this sensitivity analysis, participants who experienced a

CVD event prior to week 24 were excluded from the risk calculation

at weeks 24 and 72, and participants who experienced a CVD event

prior to week 72 were excluded from the week 72 risk score calcula-

tion. This was consistent with the intended use of the ACC/AHA risk

engine for the prediction of primary CVD events. Subgroup analyses

examined the 10-year predicted risk of ASCVD by BMI status at base-

line and prediabetes status at baseline.

The analysis was conducted using SAS software version 9.4

(2016; SAS Institute Inc., Cary, North Carolina).

3 | RESULTS

3.1 | Cardiometabolic outcomes

Cardiometabolic endpoints were examined in the full mITT

SURMOUNT-1 participants (N = 2539). Cardiometabolic outcomes

examined during the SURMOUNT-1 trial included waist circumference,

fasting serum glucose, SBP, DBP, HbA1c, serum non-HDL cholesterol,

serum HDL cholesterol, serum LDL cholesterol, and serum triglycerides.

Compared with placebo, decreases in waist circumference, SBP

and DBP from baseline were observed in all three tirzepatide treat-

ment arms (5, 10 or 15 mg/wk) as early as week 4 and continued until

week 72 (Figure 1A,C,D). Fasting serum glucose, HbA1c, and serum

triglycerides were significantly reduced from baseline, starting at week

12 through to week 72 in all tirzepatide treatment groups

(Figure 1B,E,I). Improvements in serum lipids were observed by

24 weeks and maintained until 72 weeks including reductions in LDL

and non-HDL cholesterol (Figure 1H,F), while increases in HDL were

only demonstrated at the 72-week time point (Figure 1G).

Use of concomitant lipid-lowering and antihypertensive medica-

tions was allowed in the SURMOUNT-1 trial. Most participants were

not using antihypertensive or lipid-lowering therapies at either base-

line or the postbaseline period; however, slightly more tirzepatide-

treated participants (2.9%–5.2%) than placebo-treated participants

(2.0%) experienced decreased antihypertensive medication use from

baseline to safety follow-up (Figure 1J,K).

3.2 | Median 10-year predicted risk of ASCVD

Among the 2539 SURMOUNT-1 mITT participants, 78 participants

(3.1%) had previous CVD event history at baseline and were excluded

HANKOSKY ET AL. 3
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from ASCVD predicted risk analyses. Of the 2461 participants

included in this analysis, 622 were included in the placebo group,

614 were treated with tirzepatide 5 mg, 616 with tirzepatide 10 mg,

and 609 with tirzepatide 15 mg. The baseline characteristics were

similar across treatment groups for the participants without CVD

events at baseline (Table 1). The mean (standard deviation [SD]) age

of participants was 44.5 (12.3) years, the mean (SD) BMI was 38.0

(6.8) kg/m2, and 68.4% were female.
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F IGURE 1 Effect of tirzepatide (TZP) on cardiometabolic risk factors in the SURMOUNT-1 population. Mean change from baseline in
(A) waist circumference, (B) fasting serum glucose, (C) systolic blood pressure, (D) diastolic blood pressure, and (E) glycated haemoglobin (HbA1c)
over time, derived from a mixed model for repeated measures (MMRM) analysis for the efficacy estimand. Percent change from baseline in

(F) non-high-density lipoprotein (HDL) cholesterol, (G) HDL cholesterol, (H) low-density lipoprotein (LDL) cholesterol, and (I) triglycerides over
time, derived from a MMRM analysis using the efficacy estimand. Error bars indicate standard error. Percentage of participants who changed the
status of (J) lipid-lowering or (K) antihypertensive medication. All comparisons between TZP dose groups and placebo (PBO) were significant at
**P < 0.001. Comparison for change from baseline in diastolic blood pressure (D) between TZP 15 mg vs. PBO at week 4 was significant at
*P < 0.05. Comparison for change from baseline in HDL (G) between TZP 5 mg vs. PBO at week 24 was significant at *P < 0.05. Comparison for
change from baseline in LDL (H) between TZP 5 mg vs. PBO at week 72 was significant at *p < 0.05. DBP, diastolic blood pressure; SBP, systolic
blood pressure. To convert HbA1c% to mmol/mol use: A1C(mmol/mol) = 10.929 * (A1C(%) - 2.15).
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There were 232 (9.4%) and 497 patients (20.2%) who had missing

risk scores at weeks 24 and 72, respectively, primarily due to discon-

tinuation of treatment or initiation of rescue therapy. The placebo

group tended to have more missing data than the tirzepatide groups,

consistent with greater treatment and study discontinuation in the

placebo group in the SURMOUNT-1 study. The baseline median

10-year ASCVD predicted risk scores ranged from 1.5% to 1.6%, with

no difference among the four treatment groups (Figure 2A). The

majority of patients (80.4%) were in the low-risk group (risk score

<5%), 8.6% of patients were in the borderline-risk group (risk score

≥5% and <7.5%), 10.0% of patients were in the intermediate-risk

group (risk score ≥7.5% and <20%), and only 1.0% patients were in

the high-risk group (risk score ≥20%). The median risk scores for tirze-

patide 5, 10, 15 mg and placebo groups were 1.4%, 1.2%, 1.3% and

1.6% at week 24, and 1.3%, 1.2%, 1.1% and 1.7% at week 72, respec-

tively. The relative change in predicted risk from baseline to week

24 was �16.7%, �19.0%, �17.0% and 2.5% for tirzepatide 5, 10,

15 mg and placebo, respectively (Figure 2B). At week 72, the relative

change in predicted risk was �16.4%, �23.5%, �22.4% and 12.7%,

respectively. There were significantly greater relative reductions in

risk for tirzepatide groups at weeks 24 and 72 compared with placebo

(p < 0.001). The change in risk factors over time are shown in Supple-

mentary Table S2.

A total of 244 participants were considered to have

intermediate-to-high risk for ASCVD (risk score ≥7.5%) at baseline.

For this intermediate-to-high-risk group, the median predicted risk

scores in tirzepatide groups ranged from 10.5% to 11.3%, 9.4% to

10.0%, and 9.0% to 11.3% at baseline, week 24, and week

72, respectively (Figure 2C). The median predicted risk score was

10.1%, 10.7% and 11.7% for the placebo group at baseline, week

24 and week 72, respectively. The relative change in predicted risk

from baseline at week 24 was between �22.2% and �16.0% for the

tirzepatide groups and �0.7% for placebo (Figure 2D). At week

72, the relative changes in predicted risk were �10.3%, �20.6%,

�16.1% and 6.4% for tirzepatide 5, 10 and 15 mg, and placebo

groups, respectively. With tirzepatide treatment, there was a signifi-

cantly greater relative reduction in risk for the intermediate-to-high-

risk ASCVD group compared with placebo (p < 0.05), consistent with

the primary overall analysis.

Changes in participants' ASCVD risk category classifications from

baseline were examined at week 24 and week 72 (Tables 2 and S3).

At week 24, 6.9% of participants treated with tirzepatide and 2.9% in

the placebo group had improved ASCVD risk profiles, indicating that

participants treated with tirzepatide had 2.2 times greater odds (95%

confidence interval [CI] 1.6, 3.0; P < 0.001) of improving their risk

score category from baseline to week 24 than placebo-treated partici-

pants. Similarly, at week 72, 7.3% of participants treated with tirzepa-

tide and 3.1% in the placebo group had improved ASCVD risk profiles;

participants treated with tirzepatide had 2.4 times greater odds (95%

CI 1.7, 3.5; P < 0.001) of improving their risk score category from

baseline to week 72 than those in the placebo group.

A similar pattern with a larger magnitude was observed among

the subgroup of participants with intermediate-to-high baseline

ASCVD risk. At week 24, participants treated with tirzepatide had 2.8

times greater odds (95% CI 1.4, 5.6; P = 0.003) of improving their

ASCVD risk score category from baseline (31.5%) compared to the

placebo group (13.3%). At week 72, participants in the tirzepatide

group had 2.9 times greater odds (95% CI 1.3, 6.2; P = 0.008) of
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improving their ASCVD risk score (31.9%) compared to those in the

placebo group (12.8%).

3.3 | Ten-year predicted risk of ASCVD subgroup
and sensitivity analyses

The effect of tirzepatide treatment on 10-year risk of ASCVD by

baseline BMI (<35 kg/m2, ≥35 and <40 kg/m2, or ≥40 kg/m2) and

by baseline prediabetes status (with or without prediabetes) was

examined. Similar to the primary analysis, all tirzepatide treatment

groups demonstrated significantly greater relative reduction in

ASCVD predicted risk compared with placebo when stratified by BMI

or by prediabetes status (Supplementary Figure S1). Two sensitivity

analyses were conducted. For the first sensitivity analysis, only partici-

pants aged between 40 and 79 years were included; 892 (35.1%) of

mITT participants aged <40 or >79 years were excluded from the

analysis. For the second analysis, data from participants who

TABLE 1 Demographic and baseline clinical characteristics of study population

​
Placebo

(N = 622)

TZP

5 mg (N = 614)

TZP

10 mg (N = 616)

TZP

15 mg (N = 609) Total (N = 2461)

Age, years 44.1 ± 12.5 45.2 ± 12.5 44.3 ± 12.2 44.4 ± 12.1 44.5 ± 12.3

Female 428 (68.8) 420 (68.4) 418 (67.9) 418 (68.6) 1684 (68.4)

Current smoker, yes 66 (10.6) 91 (14.8) 73 (11.9) 84 (13.8) 314 (12.8)

Antihypertensive medications, yes 167 (26.9) 182 (29.6) 178 (28.9) 175 (28.7) 702 (28.5)

Race

White 434 (69.8) 432 (70.4) 437 (70.9) 428 (70.3) 1731 (70.3)

Asian 69 (11.1) 67 (10.9) 67 (10.9) 64 (10.5) 267 (10.8)

Black or African American 55 (8.8) 48 (7.8) 47 (7.6) 49 (8.0) 199 (8.1)

Native Hawaiian or other pacific

islander

2 (0.3) 2 (0.3) 2 (0.3) 3 (0.5) 9 (0.4)

American Indian or Alaska native 56 (9.0) 56 (9.1) 57 (9.3) 57 (9.4) 226 (9.2)

Multiple 6 (1.0) 9 (1.5) 6 (1.0) 8 (1.3) 29 (1.2)

Ethnicity

Hispanic or Latino 301 (48.4) 303 (49.3) 293 (47.6) 291 (47.8) 1188 (48.3)

Not Hispanic or Latino 271 (43.6) 265 (43.2) 272 (44.2) 268 (44.0) 1076 (43.7)

Not reported 50 (8.0) 46 (7.5) 51 (8.3) 50 (8.2) 197 (8.0)

Country/Region

United States 279 (44.9) 273 (44.5) 279 (45.3) 274 (45.0) 1105 (44.9)

Brazil 57 (9.2) 58 (9.4) 60 (9.7) 60 (9.9) 235 (9.5)

China 6 (1.0) 8 (1.3) 6 (1.0) 6 (1.0) 26 (1.1)

India 8 (1.3) 9 (1.5) 9 (1.5) 6 (1.0) 32 (1.3)

Japan 32 (5.1) 30 (4.9) 29 (4.7) 30 (4.9) 121 (4.9)

Mexico 106 (17.0) 110 (17.9) 106 (17.2) 106 (17.4) 428 (17.4)

The Russian Federation 30 (4.8) 27 (4.4) 27 (4.4) 24 (3.9) 108 (4.4)

Taiwan 15 (2.4) 12 (2.0) 13 (2.1) 16 (2.6) 56 (2.3)

Argentina 89 (14.3) 87 (14.2) 87 (14.1) 87 (14.3) 350 (14.2)

HbA1c, % 5.6 ± 0.4 5.6 ± 0.4 5.5 ± 0.4 5.6 ± 0.4 5.6 ± 0.4

eGFR, mL/min/1.73 m2 98.5 ± 18.3 98.1 ± 17.7 98.8 ± 17.9 98.7 ± 17.5 98.5 ± 17.8

Baseline ASCVD risk score group

Low risk 495 (79.6) 475 (77.4) 505 (82.0) 503 (82.6) 1978 (80.4)

Borderline risk 59 (9.5) 56 (9.1) 45 (7.3) 51 (8.4) 211 (8.6)

Intermediate risk 62 (10.0) 76 (12.4) 60 (9.7) 49 (8.0) 247 (10.0)

High risk 6 (1.0) 7 (1.1) 6 (1.0) 6 (1.0) 25 (1.0)

Note: Data are n (%) or mean ± SD and include all patients in the efficacy analysis set with no baseline CVD, unless indicated otherwise. To convert HbA1c%

to mmol/mol use: A1C(mmol/mol) = 10.929 * (A1C(%) - 2.15)

Abbreviations: CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; N, number of participants in

population; n, number of participants in the specified category; SD, standard deviation; TZP, tirzepatide.
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experienced a CVD event during the study treatment period (three

participants at week 24 and 10 at week 72) were excluded. These

results were also consistent with the primary analysis (Supplemental

Figure S2).

4 | DISCUSSION

This post hoc analysis of SURMOUNT-1 demonstrated that tirzepa-

tide significantly reduces the 10-year predicted risk of ASCVD com-

pared with placebo in people with obesity or overweight. Importantly,

participants with higher ASCVD risk at baseline demonstrated even

larger reductions in risk with tirzepatide treatment. Participants trea-

ted with tirzepatide also showed favourable profiles with respect to

changes in their risk categories. Specifically, more participants' ASCVD

risk categories improved and fewer worsened at weeks 24 and 72 with

tirzepatide compared to placebo. The improvement in the ASCVD risk

score was accompanied by significant improvements in multiple cardi-

ometabolic risk factors (waist circumference, blood pressure, fasting

glucose, HbA1c, and lipid levels) in the full SURMOUNT-1 population.

The subgroup and sensitivity analyses pertaining to ASCVD risk score

were consistent with the primary analysis and indicate that tirzepatide
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F IGURE 2 Effect of tirzepatide (TZP) on 10-year predicted risk of atherosclerotic cardiovascular disease (ASCVD) in participants with obesity
or overweight. (A) Median ASCVD risk scores at baseline, week 24, and week 72 in participants with obesity or overweight. (B) Percent change in
ASCVD risk scores from baseline at weeks 24 and 72 in participants with obesity or overweight. (C) Median ASCVD risk scores at baseline, week
24, and week 72 in participants with obesity or overweight and intermediate-to-high risk at baseline. (D) Percent change in ASCVD risk scores
from baseline at weeks 24 and 72 in participants with obesity or overweight and intermediate-to-high risk at baseline. All comparisons of risk
reductions from baseline between TZP dose groups and placebo (PBO) were significant at **P < 0.001, *P < 0.05 vs. placebo. Least squares
(LS) means are presented in the figures. Percent change in 10-year predicted ASCVD risk from baseline to week 24 and week 72 was derived
from a mixed model for repeated measures (MMRM) using the efficacy analysis set (EAS). The EAS included data obtained during the treatment
period from the modified intention-to-treat population (all randomly assigned participants who received at least 1 dose of study drug), excluding
data after discontinuation of study drug (last dose date +7 days). Change from baseline was calculated on the log-scale and used as the outcome
in the MMRM model with model terms of log baseline score, country, treatment group, time point, and treatment-group-by-time-point
interaction. N, number of subjects in the population with baseline and post-baseline value at the specified time point.

HANKOSKY ET AL. 7

 14631326, 0, D
ow

nloaded from
 https://dom

-pubs.onlinelibrary.w
iley.com

/doi/10.1111/dom
.15318 by C

ochrane C
hile, W

iley O
nline L

ibrary on [01/12/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



reduces the risk of ASCVD, irrespective of baseline BMI or prediabe-

tes status. This is the first study to provide indirect evidence on the

benefit of tirzepatide treatment for the long-term risk of ASCVD in a

population without diabetes. The results of the present study suggest

favourable effects of tirzepatide on long-term risk of ASCVD and

additional potential of tirzepatide to positively impact patients' quality

of life.30

Previous analyses have explored the potential effect of tirzepa-

tide on cardiovascular events in individuals with T2D. Specifically, in a

phase 3 study, participants with T2D and increased cardiovascular risk

treated with tirzepatide showed no increase in major adverse cardio-

vascular events compared with insulin glargine (hazard ratio 0.74, 95%

CI 0.51–1.08).25 Furthermore, in a meta-analysis, which included five

phase 3 tirzepatide trials conducted in patients with T2D, tirzepatide

did not increase the risk of major cardiovascular events in participants

compared with controls (hazard ratio 0.80, 95% CI 0.57–1.11).26

In a phase 3 study investigating the effect of semaglutide, a

GLP-1 receptor agonist, on weight loss in patients with obesity or

overweight, participants who received semaglutide demonstrated

improvements in cardiometabolic risk factors.15 A separate study

assessing the predicted 10-year ASCVD risk in people with obesity or

overweight treated with semaglutide showed a trend towards

improvement in ASCVD risk, but this trend was nonsignificant.31 In

contrast, the results of a small retrospective study demonstrated a sig-

nificant decrease in predicted ASCVD risk between baseline and

1 year after initiating semaglutide treatment.32 The effects of sema-

glutide on cardiovascular outcomes in people with obesity or over-

weight without T2D were assessed in a large phase 3 study; patients

treated with semaglutide demonstrated a 20% reduction in the risk of

major adverse cardiovascular events compared with placebo (SELECT;

NCT03574597).33

To our knowledge, this is the first analysis aimed at evaluating the

effects of tirzepatide on long-term ASCVD risk in people with obesity

or overweight. Together, the results indicate that tirzepatide treat-

ment could reduce the 10-year predicted risk of ASCVD for people

with obesity or overweight as early as 6 months after treatment

TABLE 2 Shift in atherosclerotic
cardiovascular disease risk categories
from baseline to weeks 24 and 72

Visit/time Outcome
Observed proportion, n (%) Odds ratio (vs. placebo)

Placebo Pooled TZP Estimate (95% CI) P value

All participants

Week 24 Improved 16 (2.9) 116 (6.9) 2.2 (1.6, 3.0) <0.001

Stable 495 (91.0) 1528 (90.7)

Worsened 33 (6.1) 41 (2.4)

Total, N 544 1685

Week 72 Improved 14 (3.1) 111 (7.3) 2.4 (1.7, 3.5) <0.001

Stable 391 (87.9) 1336 (88.0)

Worsened 40 (9.0) 72 (4.7)

Total, N 445 1519

Participants with intermediate-to-high risk at baseline

Week 24 Improved 8 (13.3) 57 (31.5) 2.8 (1.4, 5.6) 0.003

Stable 51 (85.0) 122 (67.4)

Worsened 1 (1.7) 2 (1.1)

Total, N 60 181

Week 72 Improved 6 (12.8) 52 (31.9) 2.9 (1.3, 6.2) 0.008

Stable 40 (85.1) 105 (64.4)

Worsened 1 (2.1) 6 (3.7)

Total, N 47 163

Note: The ASCVD risk scores were grouped into low (<5%), borderline (≥5–<7.5%), intermediate

(≥7.5–<20%), or high (≥20%) risk categories. Improved: Participant shifted from a higher risk category at

baseline to a lower risk category at week 24 or 72; Stable: Participant stayed in the same risk category at

baseline and week 24 or 72; Worsened: Participant shifted from a lower risk category at baseline to a

higher risk category at week 24 or 72. The odds ratios were estimated from a repeated measurement

ordinal logistic regression using the generalized estimating equations method where the ordered

outcome category was modelled. The model terms included baseline risk score, TZP treatment group,

time point, and TZP treatment group * time point interaction. Participants who had baseline

cardiovascular disease history were excluded from analysis. The adjusted mean proportions from the

model for each treatment group are reported in Supplementary Table S3.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; CI, confidence interval; N, number of

participants in the population in the specified treatment group; n, number of participants in the specified

category; TZP, tirzepatide.
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commencement. Although the statistically significant results are

promising, the clinical significance of predicted ASCVD risk reduction

needs to be confirmed. Currently, the cardiovascular benefits of tirze-

patide are being investigated in large, international, phase 3 studies in

people with obesity or overweight without diabetes (SURMOUNT-

MMO; NCT05556512) and in people with T2D (SURPASS-CVOT;

NCT04255433).

This study was strengthened by several factors. First, this analysis

used validated models that incorporate multiple risk factors to quanti-

tatively assess risk.28 The ACC/AHA model was selected over the

Framingham model due to its broader generalizability across popula-

tions. Second, the analysis included a large, global sample size origi-

nally recruited for the SURMOUNT-1 trial, which further increased

the generalizability of these results. Finally, the consistency of results

from the primary, subgroup, and sensitivity analyses indicates that the

data are robust.

Despite the power of the tool used in this study, post hoc ana-

lyses have intrinsic limitations. The ACC/AHA risk engine was not

developed or validated in populations of people with obesity or over-

weight exclusively, but the validation cohorts did include large, diverse

populations.29 Additionally, the risk engine calculates the predicted

risk of ASCVD but needs to be confirmed with a randomized trial

against hard outcomes. Also, a minimum of 2 years (104 weeks) is the

US Food and Drug Administration recommendation for a cardiovascu-

lar outcomes trial. The duration of the SURMOUNT-1 trial was

72 weeks. Furthermore, while the study focused on both people with

obesity and overweight, 95% of the participants had obesity (BMI

≥30 kg/m2). Finally, the SURMOUNT-1 patient population had a low

ASCVD risk profile at baseline, indicating a relatively healthy CVD risk

profile in this population, and hence the absolute change in the pre-

dicted ASCVD risk score was generally small. This limitation is partially

addressed with the subgroup analysis in the intermediate-to-high risk

group as well as the analysis on ASCVD risk category changes, as the

large sample size of SURMOUNT-1 study still provided a reasonable

number of patients with higher risk profiles.

Overall, treatment with tirzepatide significantly reduced the

10-year predicted risk of ASCVD compared with placebo in people

with obesity or overweight but without diabetes. The absolute reduc-

tion in risk was greater for participants with higher ASCVD risk at

baseline.
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