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Abstract

BACKGROUND—Obstructive sleep apnea is characterized by disordered breathing during sleep 

and is associated with major cardiovascular complications; excess adiposity is an etiologic risk 

factor. Tirzepatide may be a potential treatment.

METHODS—We conducted two phase 3, double-blind, randomized, controlled trials involving 

adults with moderate-to-severe obstructive sleep apnea and obesity. Participants who were not 

receiving treatment with positive airway pressure (PAP) at baseline were enrolled in trial 1, and 

those who were receiving PAP therapy at baseline were enrolled in trial 2. The participants 

were assigned in a 1:1 ratio to receive either the maximum tolerated dose of tirzepatide (10 
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mg or 15 mg) or placebo for 52 weeks. The primary end point was the change in the apnea–

hypopnea index (AHI, the number of apneas and hypopneas during an hour of sleep) from 

baseline. Key multiplicity-controlled secondary end points included the percent change in AHI and 

body weight and changes in hypoxic burden, patient-reported sleep impairment and disturbance, 

high-sensitivity C-reactive protein (hsCRP) concentration, and systolic blood pressure.

RESULTS—At baseline, the mean AHI was 51.5 events per hour in trial 1 and 49.5 events per 

hour in trial 2, and the mean body-mass index (BMI, the weight in kilograms divided by the square 

of the height in meters) was 39.1 and 38.7, respectively. In trial 1, the mean change in AHI at week 

52 was −25.3 events per hour (95% confidence interval [CI], −29.3 to −21.2) with tirzepatide and 

−5.3 events per hour (95% CI, −9.4 to −1.1) with placebo, for an estimated treatment difference of 

−20.0 events per hour (95% CI, −25.8 to −14.2) (P<0.001). In trial 2, the mean change in AHI at 

week 52 was −29.3 events per hour (95% CI, −33.2 to −25.4) with tirzepatide and −5.5 events per 

hour (95% CI, −9.9 to −1.2) with placebo, for an estimated treatment difference of −23.8 events 

per hour (95% CI, −29.6 to −17.9) (P<0.001). Significant improvements in the measurements 

for all prespecified key secondary end points were observed with tirzepatide as compared with 

placebo. The most frequently reported adverse events with tirzepatide were gastrointestinal in 

nature and mostly mild to moderate in severity.

CONCLUSIONS—Among persons with moderate-to-severe obstructive sleep apnea and obesity, 

tirzepatide reduced the AHI, body weight, hypoxic burden, hsCRP concentration, and systolic 

blood pressure and improved sleep-related patient-reported outcomes. (Funded by Eli Lilly; 

SURMOUNT-OSA ClinicalTrials.gov number, NCT05412004.)

OBSTRUCTIVE SLEEP APNEA IS CHARACterized by repetitive pharyngeal collapse 

during sleep resulting in apneas and hypopneas, with consequent hypoxemia, hypercapnia, 

and recurrent arousals.1 Obstructive sleep apnea is accompanied by clinically relevant 

symptoms, such as excessive daytime sleepiness, and is an independent risk factor for 

cardiovascular disease.1,2 The disease is common and has major medical and economic 

effects; more than 900 million persons are affected worldwide, approximately 40% of whom 

have moderate-to-severe disease.3

The treatment of patients with obstructive sleep apnea has historically focused on 

mechanical support during sleep. Positive airway pressure (PAP) therapy improves the 

apnea–hypopnea index (AHI, the number of apneas and hypopneas during an hour of sleep) 

and reduces symptoms related to obstructive sleep apnea, but its overall effectiveness can be 

affected by varying adherence to therapy. Randomized, controlled trials have failed to show 

that PAP reduces occurrences of adverse cardiovascular outcomes and death.4–6 Mandibular 

advancement therapy is predominantly used in patients who are unable or unwilling to 

adhere to treatment with PAP, but it is not universally efficacious.7 Upper-airway surgery, 

including stimulation of the hypoglossal nerve, may be effective but is an invasive option 

that may be appropriate for selected patients. At present, there is no pharmaceutical 

intervention that has been approved for the treatment of obstructive sleep apnea.

Excess adiposity is a major reversible etiologic risk factor for obstructive sleep apnea 

and its complications.8,9 The benefit of substantial weight reduction in the treatment of 

patients with obstructive sleep apnea is well recognized, and clinical guidelines recommend 
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treatment of obesity in patients with obstructive sleep apnea.9 Thus, a pharmacologic 

intervention that targets obesity and its downstream effects on obstructive sleep apnea, 

symptoms, blood pressure, and low-grade systemic inflammation may facilitate a holistic 

approach that is not fully attained with the aforementioned mechanical treatments.10–12

Tirzepatide is a long-acting glucose-dependent insulinotropic polypeptide (GIP) receptor 

and glucagon-like peptide-1 (GLP-1) receptor agonist that selectively binds to and activates 

both the GIP and GLP-1 receptors. It is an amino acid sequence that includes a C20 fatty 

diacid moiety that enables albumin binding, which prolongs the half-life.13 Treatment with 

tirzepatide has led to significant reductions in excess body weight, improvements in blood 

pressure, and reductions in markers of inflammation and vascular endothelial dysfunction, 

and may have the potential to be efficacious in persons with obstructive sleep apnea.14,15 

Here we report the results of the SURMOUNT-OSA phase 3 trials evaluating the safety and 

efficacy of tirzepatide for the treatment of adults with obstructive sleep apnea and obesity.

METHODS

TRIAL DESIGN

The SURMOUNT-OSA trials were two 52-week, phase 3, multicenter, parallel-group, 

double-blind, randomized, controlled trials that were conducted at 60 sites across nine 

countries to evaluate the efficacy and safety of the maximum tolerated dose of weekly 

tirzepatide (10 mg or 15 mg) in adults with moderate-to-severe obstructive sleep apnea and 

obesity (Fig. S1 in the Supplementary Appendix, available with the full text of this article 

at NEJM.org). Two participant populations were included in the SURMOUNT-OSA master 

protocol (available at NEJM.org): trial 1 included participants who were unable or unwilling 

to use PAP therapy, and trial 2 included participants who had been using PAP therapy for 

at least 3 consecutive months at the time of screening and who planned to continue PAP 

therapy during the trial. The master protocol rationale and design have been previously 

published.16 The protocols were designed by the sponsor (Eli Lilly) and members of the trial 

steering committee. The protocol was approved by the relevant institutional review boards, 

and all the participants provided written informed consent.

The trials were conducted in accordance with the Good Clinical Practice guidelines of the 

International Council for Harmonisation and the principles of the Declaration of Helsinki. 

Statistical analyses were performed by employees of the sponsor. The first and last authors 

prepared the first draft of the manuscript, which was reviewed, edited, and approved by all 

the authors. A medical writer employed by the sponsor provided medical-writing assistance. 

The investigators and steering committee worked under confidentiality agreements with 

the sponsor. The sponsor was involved in the collection, management, analyses, and 

interpretation of the data; the preparation, review, and approval of an earlier version of 

the manuscript; and the decision to submit the manuscript for publication. Final decisions on 

preparation of the manuscript for submission were made by the authors, some of whom were 

employees of the sponsor. The authors vouch for the completeness and accuracy of the data 

and for the fidelity of the trials to the protocols.
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PARTICIPANTS

Adults who had received a diagnosis of moderate-to-severe obstructive sleep apnea (AHI 

≥15 events per hour) and obesity (body-mass index [BMI, the weight in kilograms divided 

by the square of the height in meters] of ≥30 [≥27 in Japan]) were eligible. Key exclusion 

criteria were the presence of type 1 or type 2 diabetes, a participant-reported change in body 

weight of more than 5 kg in the 3 months before screening, planned surgery for sleep apnea 

or obesity, a diagnosis of central or mixed sleep apnea, and major craniofacial abnormalities. 

A full list of eligibility criteria is available in the Supplementary Appendix.

TRIAL PROCEDURES

After a 4-week screening period, participants were assigned to trial 1 or trial 2 and randomly 

assigned in a 1:1 ratio to receive tirzepatide or placebo subcutaneously once weekly with 

the use of a single-dose pen autoinjector. All the participants received regular lifestyle 

counseling sessions regarding the maintenance of healthy nutrition while adhering to a 500 

kilocalorie per day deficit and at least 150 minutes per week of physical activity.

Randomization was conducted by means of a Web-based interactive response system and 

stratified according to trial, country or geographic region, baseline AHI severity category, 

and sex. Enrollment of men was limited to 70% to ensure adequate representation of 

women. Participants, investigators, and the sponsor were unaware of trial-group assignment. 

Participants were required to receive tirzepatide or placebo during a planned 52-week period 

that included a dose-escalation period of up to 20 weeks and a 4-week safety follow-up. The 

initial dose of tirzepatide was 2.5 mg once weekly and was increased by 2.5 mg every 4 

weeks during the dose-escalation period until the participant reached the maximum tolerated 

dose of 10 mg or 15 mg in week 20. Participants in whom doses of 10 mg or more produced 

unacceptable side effects discontinued tirzepatide or placebo but were encouraged to remain 

in the trial.

The AHI was measured by laboratory polysomnography at screening, week 20, and week 

52. Data from polysomnographic studies were scored centrally with the use of the American 

Academy of Sleep Medicine rule 1B for identification of hypopneas (which specifies a 

≥30% reduction in airflow for ≥10 seconds and oxygen desaturation of ≥4%).17

END POINTS AND ASSESSMENTS

The primary end point was the change in the AHI from baseline. Key secondary end 

points that were controlled for type 1 errors included the percent change in AHI; the 

percentage of participants with an AHI reduction of at least 50%; the percentage of 

participants with an AHI of less than 5 events per hour or with an AHI of 5 to 14 events 

per hour and a score of 10 or less on the Epworth Sleepiness Scale (ESS; range, 0 to 

24, with higher scores indicating greater daytime sleepiness); the percent change in body 

weight; the change in high-sensitivity C-reactive protein (hsCRP) concentration; the change 

in sleep apnea–specific hypoxic burden (a measure calculated from a polysomnographic 

study that comprises frequency, duration, and depth of oxygen saturation related to the 

respiratory event)18; the change in scores on the Patient-Reported Outcomes Measurement 

Information System (PROMIS) Short Form Sleep-related Impairment 8a (PROMIS-SRI) 
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and PROMIS Short Form Sleep Disturbance 8b (PROMIS-SD) scales (higher scores indicate 

more sleep impairment or sleep disturbance, respectively); and the change in systolic blood 

pressure. Participants in trial 2 were instructed to suspend PAP therapy for 7 days before 

polysomnographic and patient-reported outcome (PRO) assessments at baseline, week 20, 

and week 52 to minimize the confounding effect of PAP therapy on sleep-disordered 

breathing and other breathing-related and PRO assessments. All end points were assessed 

from baseline to week 52 except for blood pressure, which was assessed at week 48 to 

prevent suspension of PAP therapy in trial 2 from confounding the assessment.

In response to a recommendation by a regulatory body, key secondary PRO end points were 

changed from the hierarchical combination of change in scores on the Functional Outcomes 

of Sleep Questionnaire to change in PROMIS-SRI and PROMIS-SD. Owing to the timing 

of regulatory advice and because the change did not affect how clinical trial investigators 

conducted the trials, the change in key secondary PRO end points was captured in the final 

statistical analysis plan, available with the protocol, before the time of the data unblinding, 

the database lock, and data analyses (details are provided in the Supplementary Appendix). 

Safety assessments included adverse events and serious adverse events that occurred during 

the reporting period.

STATISTICAL ANALYSIS

The statistical analysis plan, including all the end points and assessments, was finalized 

and submitted before the time of the database lock and data unblinding. We calculated 

that a sample size of 206 participants per trial would provide the trial with at least 90% 

power to show the superiority of tirzepatide to placebo relative to the primary end point at 

a two-sided significance level of 0.05. In calculating the sample size for the primary end 

point, we assumed a mean 50% reduction in AHI, with a common standard deviation of 50% 

and a dropout rate of up to 25%. The updated primary end point was also deemed to have 

sufficient power; therefore, no adjustments to the sample-size calculation were made.

Data from all the participants who received at least one dose of tirzepatide or placebo (the 

intention-to-treat population) were used to analyze the efficacy and safety end points. For 

each trial, two estimands — the treatment-regimen estimand and efficacy estimand — were 

used to assess the primary and key secondary end points from different perspectives, and the 

two estimands accounted for intercurrent events differently. The treatment-regimen estimand 

represented the average treatment effect of tirzepatide relative to placebo for all participants 

who had received at least one dose of tirzepatide or placebo regardless of whether they 

discontinued trial treatment or placebo for any reason. The efficacy estimand represented 

the average treatment effect of tirzepatide relative to placebo for all the participants if the 

treatment or placebo was administered as intended for the entire planned 52-week trial 

duration. All results are reported with the use of the treatment-regimen estimand unless 

otherwise specified. For the primary and key secondary end points, the type 1 error rate 

was controlled at a two-sided alpha level of 0.05 within each estimand and within each trial 

by means of a graphical testing procedure.19 PROMIS-SRI and PROMIS-SD end points 

from both trials that were controlled for type 1 errors were pooled and tested with the 

use of a distinct graphical testing scheme to provide relevant power for analysis under the 
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submission-wise type 1 error-rate–control strategy (Fig. S2).20,21 The populations of the 

two trials were suitable for pooling because of similar baseline PRO characteristics. The 

potential issue of PAP confounding of the PROMIS outcomes in trial 2 was minimized by a 

7-day PAP washout period.22

Statistical analyses were conducted with the use of an analysis of covariance model, with the 

end point as a response variable, trial-group assignment and randomization strata as fixed 

effects (except for the severity of obstructive sleep apnea for AHI-related end points), and 

the baseline value as a covariate. Categorical variables of the proportion of participants who 

had at least 50% reduction in AHI and an AHI of less than 5 events per hour or an AHI of 

5 to 14 events per hour with an ESS of 10 or less were evaluated with the use of logistic 

regression analysis with trial-group assignment, geographic region, baseline AHI, and sex as 

covariates. Baseline or postbaseline data were assumed to be missing at random or not at 

random depending on the reason for missingness. Data that were missing at random were 

handled through a multiple-imputation approach with the use of data from the same trial 

group. Data that were missing but not at random were imputed with the use of a placebo-

based multiple-imputation approach. Full details on the estimands, handling of missing 

values, and statistical analysis methods are provided in the Supplementary Appendix.

RESULTS

Participants

The trials were conducted from June 21, 2022, through March 29, 2024. A total of 

469 participants were randomly assigned to receive tirzepatide or placebo in trial 1 (234 

participants) or trial 2 (235 participants) (Table 1). Overall, 82.9% of the participants 

completed the trial (91.5% in the tirzepatide groups and 74.4% in the placebo groups) and 

79.7% adhered to the assigned regimen (87.6% in the tirzepatide groups and 71.9% in the 

placebo groups) (Fig. S3).

Demographic and baseline characteristics of the participants are shown in Table 1. In trial 

1, the mean age of the participants was 47.9 years; most were male (67.1%) and White 

(65.8%), with a mean BMI of 39.1 and a mean AHI of 51.5 events per hour. In trial 2, the 

mean age was 51.7 years; most were male (72.3%) and White (73.1%), with a mean BMI of 

38.7 and a mean AHI of 49.5 events per hour. Details regarding the geographic distribution 

and representativeness of the trial participants are shown in Tables S1 and S2.

SLEEP-DISORDERED BREATHING-RELATED END POINTS

For the trial 1 treatment-regimen estimand, the change in AHI at week 52 was −25.3 events 

per hour (95% confidence interval [CI], −29.3 to −21.2) with tirzepatide and −5.3 events per 

hour (95% CI, −9.4 to −1.1) with placebo, for an estimated treatment difference of −20.0 

events per hour (95% CI, −25.8 to −14.2), (P<0.001) (Fig. 1A and Table 2). For the efficacy 

estimand, the change in AHI at week 52 was −27.4 events per hour (95% CI, −31.6 to 

−23.2) with tirzepatide and −4.8 events per hour (95% CI, −9.3 to −0.3) with placebo, for an 

estimated treatment difference of −22.5 events per hour (95% CI, −28.7 to −16.4).
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For the trial 2 treatment-regimen estimand, the change in AHI at week 52 was −29.3 events 

per hour (95% CI, −33.2 to −25.4) with tirzepatide and −5.5 events per hour (95% CI, −9.9 

to −1.2) with placebo, for an estimated treatment difference of −23.8 events per hour (95% 

CI, −29.6 to −17.9), (P<0.001) (Fig. 1B and Table 2). For the efficacy estimand, the change 

in AHI at week 52 with tirzepatide was −30.4 events per hour (95% CI, −34.3 to −26.5) with 

tirzepatide and −6.0 events per hour (95% CI, −10.3 to −1.6) with placebo, for an estimated 

treatment difference of −24.4 events per hour (95% CI, −30.3 to −18.6). The change over 

time in AHI in the efficacy estimand is shown in Figure 1A and 1B.

Participants in both trials who received tirzepatide had significant reductions in AHI and in 

the sleep apnea–specific hypoxic burden (Table 2). The percentages of participants who had 

a reduction in the AHI of 50% or more at week 52 and the percentages who had an AHI of 

less than 5 events per hour or an AHI of 5 to 14 events per hour and an ESS of 10 or less at 

week 52 are reported in Table 2.

CHANGE IN PROS AND CARDIOVASCULAR RISK FACTORS

In a pooled trial 1 and trial 2 analysis, participants who received tirzepatide had significant 

reductions in PROMIS-SRI and PROMIS-SD T scores (Table 3). PROMIS data that were 

analyzed separately for each trial showed reductions similar to those shown in analysis 

of the pooled data (Table S4). Participants in both trials who received tirzepatide had 

significant reductions in body weight (Fig. 1C and 1D), systolic blood pressure, and hsCRP 

concentrations (Table 2).

SAFETY

Adverse events that occurred during the receipt of tirzepatide or placebo were reported by 

79.8% of the participants who received tirzepatide and 76.7% of those who received placebo 

in trial 1 and by 83.2% of the participants who received tirzepatide and 72.8% of those 

who received placebo in trial 2 (Table 4). The most frequently reported adverse events were 

generally gastrointestinal and occurred more frequently in the participants who received 

tirzepatide. These events were generally mild-to-moderate in severity and occurred most 

frequently during the dose-escalation phase.

Serious adverse events were reported by 35 participants (7.5%) overall. Similar percentages 

of participants in the tirzepatide and placebo groups reported serious adverse events. There 

were two adjudicated confirmed cases of acute pancreatitis in the trial 2 tirzepatide group. 

No cases of medullary thyroid cancer were reported. There were five cases of severe or 

serious depressive disorder or suicidal ideation or behavior events across both trials (two 

with tirzepatide and three with placebo). There were no deaths reported in either trial.

DISCUSSION

In the present trials involving adults with moderate-to-severe obstructive sleep apnea and 

obesity, the AHI decreased significantly by up to 29.3 events per hour (a 58.7% change from 

baseline) among the participants who received tirzepatide, as compared with a decrease of 

up to 5.3 events per hour (a 3.0% change from baseline) among those who received placebo. 

This change is considered clinically relevant; the American Academy of Sleep Medicine 
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defines the clinical significance threshold for the AHI as 15 or more events per hour,25 

and other sources have proposed a 50% improvement in AHI as clinically relevant.26,27 

A meaningful percentage of participants who received tirzepatide (up to 50.2%) in both 

SURMOUNT-OSA trials met the combined key secondary end-point criteria of fewer than 

5 AHI events per hour or 5 to 14 AHI events per hour and an ESS of 10 or less, which 

is relevant because these thresholds for disease severity represent a level at which PAP 

therapy may not be recommended.2,3,28,29 The reductions in AHI were also accompanied 

by meaningful improvements in hypoxic burden, which better captures the obstructive sleep 

apnea–related risk of cardiovascular complications and death.18,30 These reductions were 

consistent in both trials regardless of concomitant PAP therapy and may inform treatment 

decisions about patients with or without PAP therapy. Patients with obstructive sleep apnea 

are sometimes unable or unwilling to adhere to PAP treatment, and PAP has not been shown 

to affect cardiovascular complications and death in obstructive sleep apnea; therefore, there 

is a need for additional treatment options.4–6,10

Symptoms of obstructive sleep apnea represent a substantial disease burden and increased 

risk of injury, including increased risk of motor vehicle accidents and work-related 

injuries.31 The symptom severity in obstructive sleep apnea may also be a predictor of 

increased risk of cardiovascular complications.32 Therefore, it is clinically relevant that in 

the current trials, positive effects of tirzepatide on the participants’ sleep-related functioning 

and sleep disturbance were detected on the basis of PROMIS-SRI and PROMIS-SD scores.

Obstructive sleep apnea and obesity are two distinct but closely related diseases, and both 

have independent etiologic roles in the development of cardiovascular complications.10 

Current guidelines recommend weight reduction of 7 to 11% for patients with obstructive 

sleep apnea8,33; however, a recent meta-analysis reports additional weight reduction 

can further reduce the AHI.34 This level of weight reduction has been difficult to 

accomplish with lifestyle intervention alone.35 Bariatric surgery has shown benefits in 

adults with obstructive sleep apnea36; however, owing to the invasive nature of surgery, 

it is not a feasible approach for many persons with obstructive sleep apnea and obesity. 

In SURMOUNT-OSA, tirzepatide reduced blood pressure and inflammation, which are 

important risk factors for cardiovascular complications of obstructive sleep apnea with 

obesity.

The safety profile of tirzepatide was consistent with that observed in previous trials.14,37–

39 As typically observed with tirzepatide and GLP-1 receptor agonists, mild-to-moderate 

gastrointestinal events were the most frequently reported adverse events, occurring primarily 

during the dose-escalation period. There were no differences observed between tirzepatide 

recipients and placebo recipients with regard to reported gallbladder-related events or 

hepatic and renal events.

The current trials have several strengths. They were conducted globally, were adequately 

sized, ensured relevant representation of women (who typically represent a minority in 

obstructive sleep apnea trials), and assessed multiple obstructive sleep apnea–related, 

patient-reported, and cardiovascular-related end points that covered the burden of obstructive 

sleep apnea. Therefore, we believe that our findings are generalizable. The weight reduction 
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among the participants who received placebo was similar to the results with placebo in other 

antiobesity medication studies, a finding that suggests a similar level of adherence to the 

lifestyle intervention. On the basis of the current evidence regarding PAP treatment, the 

American Academy of Sleep Medicine guidelines prioritize treatment with PAP for patients 

with symptoms of obstructive sleep apnea.25 Future treatments of obstructive sleep apnea 

should also address obstructive sleep apnea–related cardiovascular risk, which is associated 

with moderate-to-severe obstructive sleep apnea regardless of symptoms.40 Therefore, it 

is important that the enrollment in our trials was not limited to participants with current 

symptoms, and the results may inform broader treatment decisions in future clinical practice. 

Finally, the design of two independent trials involving participants with and without current 

PAP therapy provides insights into the effect of tirzepatide treatment in these patient 

populations that are prevalent in clinical practice.

Interpretation of the current findings should take into account the potential limitations of 

our trials. First, the design and shorter duration of the current trials does not support the 

assessment of long-term cardiovascular outcomes. The ongoing SURMOUNT-Morbidity 

and Mortality in Obesity trial (ClinicalTrials.gov number, NCT05556512) may provide 

additional information. Second, our trials excluded participants who did not have obesity 

and did not analyze the effect of the intervention in people with overweight or normal BMI. 

Third, trial 2 was not designed to investigate the potential effect of treatment interventions 

on adherence to PAP treatment, and this was not prespecified as an end point for analysis in 

trial 2. Fourth, the trials were not designed to assess whether the results differed according 

to the presence of participant’s symptoms at baseline. Fifth, the thresholds for the minimum 

clinically important changes for PROMIS-SRI and PROMIS-SD have not been established 

in clinical practice yet. Therefore, the clinical importance of the observed improvements 

remains to be evaluated. Finally, although obstructive sleep apnea affects patients’ lives over 

a period of many years, the trials did not investigate a period of treatment with tirzepatide 

longer than 52 weeks.

In two trials, the participants who received tirzepatide had a clinically meaningful change in 

sleep-disordered breathing and alleviation of perceived sleep disturbance and sleep-related 

impairment, as well as reductions in common obstructive sleep apnea-related cardiovascular 

risk factors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Change in AHI and Body Weight.
The change in the apnea–hypopnea index (AHI, the number of apneas and hypopneas during 

an hour of sleep) (Panels A and B) and body weight (Panels C and D) from baseline to week 

52 for trial 1 and trial 2 are shown according to the weeks since randomization, derived from 

a mixed-model-for-repeated-measures analysis for the efficacy estimand, and no explicit 

imputations were performed for missing data. Week 52 estimates for the treatment-regimen 

estimand are also shown. For the treatment-regimen estimand, missing data at week 52 due 

to coronavirus disease 2019, missing data at week 52 from participants in the tirzepatide 

and placebo groups who completed the study period, missing data at week 52 after trial 

discontinuation due to the participant having undergone randomization in error, or missing 

data at baseline were assumed to be missing at random and were imputed with the use 

of multiple imputation from the same trial group. All other missing data at week 52 were 

considered to be not missing at random, and a placebo-based multiple imputation method 

was implemented. Least-squares means are shown unless otherwise noted. I bars indicate 

95% confidence intervals.
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