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ABSTRACT
Background: Tirzepatide, a dual glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-1) receptor 
agonist, has shown large weight-loss efficacy across the phase 3 SURMOUNT program in adults with overweight or obesity, with and 
without type 2 diabetes (T2DM). Because these trials differ in population, design, and reported estimand, we synthesized them while 
keeping non-comparable designs and estimands separate.

Methods: We searched PubMed, Embase, the Cochrane Central Register of Controlled Trials, and ClinicalTrials.gov from database 
inception through [final search date] for randomized trials of tirzepatide in adults with overweight or obesity in whom body-weight change 
was a primary or co-primary endpoint. The primary meta-analysis pooled conventional placebo-controlled trials (tirzepatide 15 mg vs 
placebo) using the trials’ directly reported between-group differences under the treatment-regimen estimand, with random-effects models 
(restricted maximum likelihood [REML] with modified Knapp–Hartung [mKH] confidence intervals). Enriched-design, efficacy-estimand, 
randomized-withdrawal, and active-comparator trials were analyzed separately or in sensitivity analyses. Risk of bias (RoB 2) and certainty 
(GRADE) were assessed. The review was not prospectively registered; analytic choices are reported as post hoc amendments.

Results: Eight trials were included. In the primary contrast (tirzepatide 15 mg vs placebo; SURMOUNT-1, -2, -CN; 2,039 participants), the 
pooled mean difference in body weight was −14.8 percentage points (mKH 95% CI −23.0 to −6.7; I² = 94%); the estimate was smaller in 
the single T2DM trial than in the two non-diabetic trials. Sensitivity analyses adding the enriched-design SURMOUNT-3 (−16.3) or using 
the efficacy estimand with SURMOUNT-J (−17.8) were consistent in direction. Most tirzepatide-treated participants achieved clinically 
meaningful weight loss (model-based responder outcomes, summarized descriptively). In the single T2DM trial, HbA1c fell by 1.57 
percentage points more than placebo (95% CI −1.76 to −1.37). Gastrointestinal adverse events (real participant counts) were more frequent 
with tirzepatide 15 mg than placebo but were mostly mild–moderate. The randomized-withdrawal trials (SURMOUNT-4, SURMOUNT-
MAINTAIN) and the active-comparator trial (SURMOUNT-5, versus semaglutide), analyzed separately, supported maintained and greater 
weight loss, respectively.

Conclusion: Among the placebo-controlled SURMOUNT trials, tirzepatide was associated with substantially greater weight reduction than 
placebo, with additional glycemic benefit in T2DM. Estimates varied by diabetes status, design, and estimand, and the evidence base is 
small, clinically heterogeneous, and entirely industry-sponsored; pooled estimates should be interpreted cautiously. Certainty was moderate 
for weight loss, high for HbA1c and for nausea and diarrhea, and moderate for vomiting.
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INTRODUCTION
Overweight or obesity and type 2 diabetes mellitus (T2DM) 
are interconnected conditions in which excess adiposity 
drives dysglycemia and cardiovascular risk (1). Global 
obesity prevalence has risen steeply, and most people with 
T2DM are overweight or obese, producing a large burden 
of insulin resistance, dyslipidemia, and hypertension (2,3). 
Lifestyle intervention is foundational but is limited by 
counter-regulatory mechanisms that promote weight regain, 

so pharmacotherapy has become central to obesity care (4,5).

Tirzepatide is a once-weekly subcutaneous peptide with 
agonist activity at both the GIP and GLP-1 receptors, 
mechanisms thought to act complementarily on appetite, 
energy balance, and glycemia (6). The phase 3 SURMOUNT 
program evaluated tirzepatide for weight management across 
distinct populations, designs, and estimands: conventional 
placebo-controlled trials in obesity without diabetes 
(SURMOUNT-1) and with T2DM (SURMOUNT-2); an 
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enriched placebo-controlled trial after an intensive lifestyle 
lead-in (SURMOUNT-3); a randomized-withdrawal 
maintenance trial (SURMOUNT-4); a head-to-head trial 
against semaglutide (SURMOUNT-5); a placebo-controlled 
trial in Chinese adults (SURMOUNT-CN); a placebo-
controlled trial in Japanese adults reported under the efficacy 
estimand (SURMOUNT-J); and a second randomized-
withdrawal maintenance trial (SURMOUNT-MAINTAIN) 
(7-14). 

Because these trials differ in population, comparator structure, 
and the estimand used for the primary result, pooling them 
indiscriminately would be misleading. Our objective was to 
synthesize the conventional placebo-controlled evidence for 
tirzepatide weight loss in adults with overweight or obesity, 
with and without T2DM; to examine diabetes status and 
dose; and to summarize (without inappropriate pooling)
the enriched, efficacy-estimand, maintenance, and active-
comparator evidence.

METHODS
This review was reported in accordance with the PRISMA 
2020 guidelines (15). The protocol was not prospectively 
registered. Because eligibility and analysis decisions were 
refined during the review (including in response to peer 
review) rather than fixed in a dated protocol, all such choices 
are reported as post hoc amendments to the original analysis 
plan, made before the revised analyses were rerun; none 
should be read as pre-registered.

Eligibility criteria
We included randomized trials that (1) enrolled adults with 
overweight or obesity (regional BMI thresholds), with or 
without T2DM; (2) evaluated subcutaneous tirzepatide at an 
approved dose; (3) used a placebo or active comparator; and 
(4) reported body-weight change as a primary or co-primary 
endpoint. Criterion (4) defines the scope as tirzepatide 
weight-management trials and excludes trials in which weight 
was secondary—tirzepatide trials in obstructive sleep apnea 
(primary endpoint, apnea–hypopnea index) and in heart 
failure with preserved ejection fraction (primary endpoint, 
heart-failure outcomes), and the SURPASS glycemic-
efficacy program. We excluded non-randomized studies, 
studies without a control group, and pediatric populations. 
Applying these criteria identified eight SURMOUNT 
weight-management RCTs.

Search, selection, and data extraction
We searched PubMed, Embase, the Cochrane Central 
Register of Controlled Trials, and ClinicalTrials.gov from 
database inception to the final search date (no lower date 
limit), using the strategies in Supplementary Appendix (1). 
Two reviewers (initials to be inserted) independently screened 
records and assessed full texts, resolving disagreements by 
consensus. No language restriction was applied at the search 
stage; all trials meeting the eligibility criteria were reported 
in English, so no non-English report required translation or 
exclusion on language grounds. Twenty full-text reports 
were assessed; twelve were excluded for specified reasons 
(Supplementary Table S1), leaving eight included trials. 
The upstream identification, de-duplication, and title/abstract 
screening counts and the final search date are populated by 

the authors from the licensed database export (Embase and 
the Cochrane Library require institutional access); they are 
recorded from that export rather than estimated, and the set 
of included trials is confirmed once the export is complete. 
Two reviewers independently extracted study-, arm-, and 
outcome-level data onto a piloted form. For body weight we 
used each trial’s directly reported between-group difference 
and 95% CI under the stated estimand; arm-level data, 
sources, and the estimand for every value are provided in 
Supplementary Data (Table S2), and the analysis code 
reads that workbook so that the continuous meta-analytic 
estimates are reproducible.

Analytic framework: separating designs and estimands
Because the trials do not share a common comparator, 
randomization context, or estimand, they were not pooled 
indiscriminately:

•	 Conventional placebo-controlled trials reporting the 
treatment-regimen estimand (SURMOUNT-1, -2, 
-CN) formed the primary meta-analytic set (15 mg vs 
placebo).

•	 SURMOUNT-3 (12-week lifestyle lead-in enriching for 
early responders; maximum-tolerated dose) was added 
only in sensitivity analysis.

•	 SURMOUNT-J, whose primary result is reported 
under the efficacy estimand (not the treatment-regimen 
estimand used for the primary pool), was included in the 
review and in a separate efficacy-estimand sensitivity 
analysis, not the primary pool.

•	 SURMOUNT-4 and SURMOUNT-MAINTAIN 
(randomized withdrawal/maintenance) and 
SURMOUNT-5 (active comparator vs semaglutide) 
were summarized separately.

STATISTICAL ANALYSIS
The primary contrast compared each trial’s 15 mg arm with 
placebo, so the shared placebo group is used once per trial. 
Random-effects meta-analysis used the DerSimonian–Laird 
and, as the main method, the REML estimator of between-
study variance with modified Knapp–Hartung confidence 
intervals (the Knapp–Hartung variance multiplier is 
constrained to be at least 1, so the standard error cannot 
fall below the conventional random-effects [Wald] standard 
error), which are preferred over the classical Wald approach 
when few studies are pooled (16-19). DerSimonian–Laird 
and fixed-effect models, and leave-one-out omission, are 
reported as sensitivity analyses (Supplementary Table S3). 
Because modified Knapp–Hartung inference is unstable with 
only two studies, the two non-diabetic trials are reported 
individually rather than as a pooled subgroup. Weight-loss-
threshold (responder) outcomes are model-based estimates 
(logistic regression with imputation) in the SURMOUNT 
trials, so multiplying a percentage by the arm size does 
not yield a valid 2×2 table; these are therefore reported 
descriptively by trial and not pooled (Supplementary Table 
S4). Adverse events, by contrast, are reported as actual 
participant counts in each trial’s safety population; these were 
pooled on the log-odds scale (REML with modified Knapp–
Hartung, no continuity correction) and are GRADE-rated 
(Supplementary Table S5). A dose–response relationship 
was examined within individual trials only; no cross-trial 
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dose meta-regression was performed. Because the primary 
analysis includes fewer than 10 studies, formal small-study/
publication-bias tests are unreliable and were not performed, 
consistent with the Cochrane Handbook (20). Analyses used 
Python 3 (NumPy/SciPy; versions recorded in the analysis 
script), and the code reads the data workbook and reproduces 
the continuous meta-analyses and their sensitivity analyses; 
a two-sided P < 0.05 was considered significant.

Risk of bias and certainty
Two reviewers independently applied RoB 2 at the outcome 
level (Supplementary Table S6) (21). For SURMOUNT-J, 
the post-randomization exclusion of one study site (~42 
participants, for a good-clinical-practice issue; modified 
intention-to-treat population 225 of 267) was examined 
across the randomization and missing-data domains and rated 
“some concerns.” For SURMOUNT-4 and SURMOUNT-
MAINTAIN, the responder-enriched open-label lead-in 
was treated as indirectness/applicability rather than internal-
validity failure, because the post-randomization comparison 
was double-blind. Certainty was rated with GRADE, with 
continuous outcomes reported on their original measurement 
scales and dichotomous adverse-event outcomes additionally 
as risk per 1,000 (22).

RESULTS
Study selection and characteristics
Eight eligible RCTs were identified (Figure 1); Table 1; 
Supplementary Table S7). At the full-text stage, 20 reports 
were assessed and 12 were excluded for named reasons 

(Supplementary Table S1), leaving eight included trials; 
the upstream database-screening counts are completed 
by the authors from the licensed export. The conventional 
placebo-controlled trials contributed the primary analysis: 
the primary contrast (15 mg vs placebo) in SURMOUNT-1, 
-2, and -CN comprised 2,039 participants (1,012 tirzepatide, 
1,027 placebo). The placebo-controlled review set (including 
SURMOUNT-3) totaled 4,266 randomized participants; 
SURMOUNT-J contributed 267 randomized (modified 
intention-to-treat, 225).

Risk of bias
The conventional placebo-controlled trials (S-1, S-2, S-CN) 
were double-blind, with adequate randomization, blinded 
objective outcome assessment, and complete reporting, 
and were judged at low risk of bias for the weight outcome 
(Table 2). SURMOUNT-J was rated “some concerns” 
because of the post-randomization exclusion of one site. 
SURMOUNT-4 and SURMOUNT-MAINTAIN carry 
indirectness from their responder-enriched lead-ins (internal 
validity of the double-blind randomized phase is low risk); 
SURMOUNT-5 has some concerns from its open-label 
design, mitigated for the objective weight endpoint. All eight 
trials were manufacturer-sponsored; because no independent 
trials exist, a sponsor-exclusion sensitivity analysis was not 
feasible.

Primary outcome: percentage weight loss
In the conventional placebo-controlled trials, tirzepatide 15 
mg reduced body weight by a pooled mean difference of 
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Figure 1. PRISMA 2020 flow diagram. Full-text reports assessed to date are shown (eight included trials; twelve named exclusions in 
Supplementary Table S1). The upstream database identification, de-duplication, and screening counts and the final search date are populated 
by the authors from the licensed export (Supplementary Appendix 1), and the included set is confirmed once that export is complete.

CV, cardiovascular; HFpEF, heart failure with preserved 
ejection fraction; J, Japan; n, number of records, reports, 
or trials; OSA, obstructive sleep apnea; PRISMA, Prefer-
red Reporting Items for Systematic Reviews and Meta-A-
nalyses; RCT, randomized controlled trial; T2DM, type 2 
diabetes mellitus.
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−14.8 percentage points versus placebo (REML with mKH 
95% CI −23.0 to −6.7; I² = 94%, τ² = 9.6 squared percentage 
points) (Figure 2). The individual non-diabetic trials showed 
−17.8 (SURMOUNT-1; 95% CI −19.3 to −16.3) and −15.1 
(SURMOUNT-CN; 95% CI −18.2 to −12.1) percentage 
points, and the single T2DM trial −11.6 (SURMOUNT-2; 
95% CI −13.0 to −10.1); because only one trial enrolled a 
T2DM population, this contrast is descriptive. Sensitivity 
analyses gave consistent point estimates: DerSimonian–Laird 
−14.9 (95% CI −19.2 to −10.5), fixed-effect −14.6 (95% CI 
−15.6 to −13.6), and leave-one-out point estimates from 
−13.1 to −16.8; however, each leave-one-out analysis uses 
only two trials, so its modified Knapp–Hartung interval is 
very wide (e.g., omitting SURMOUNT-CN, −14.7 with 95% 
CI −54.1 to 24.7), and the point-estimate stability should not 
be read as narrow-interval robustness. Adding the enriched-
design SURMOUNT-3 gave −16.3 (mKH 95% CI −22.6 
to −10.0). A separate efficacy-estimand sensitivity analysis 
(SURMOUNT-1, -2, and -J, all reporting that estimand) gave 
−17.8 percentage points (mKH 95% CI −29.7 to −5.9); this 
is reported separately because the SURMOUNT-J primary 
result uses the efficacy estimand and should not be mixed 
with the treatment-regimen primary pool.

Dose–response
A monotonic within-trial dose gradient was seen in 
SURMOUNT-1 (5 mg −11.9, 10 mg −16.4, 15 mg −17.8 
percentage points vs placebo) and SURMOUNT-CN (10 mg 
−11.3, 15 mg −15.1) (Figure 3). Doses were not compared 
across trials; no cross-trial dose meta-regression was 

performed

Weight-loss thresholds
Most tirzepatide-treated participants reached clinically 
meaningful weight-loss thresholds, far exceeding placebo 
(Figure 4). For ≥10% weight loss, tirzepatide 15 mg 
responder proportions were 65–92% across trials versus 
4–19% with placebo; the proportion achieving ≥15% ranged 
from 48% to 83% versus 1–9%. Because these responder 
outcomes are model-based estimates (Methods 2.4), they 
are shown descriptively by trial rather than pooled; per-trial 
values are in Supplementary Table S4. A modest proportion 
achieved ≥5% weight loss on placebo, consistent with the 
≥5% clinical benefit threshold (23)

Glycemic control (T2DM trial only)
HbA1c efficacy was assessed only in the T2DM trial, 
SURMOUNT-2 (baseline HbA1c 8.0%; analyzed N = 
626). Tirzepatide reduced HbA1c by 2.07 (10 mg) and 2.08 
(15 mg) percentage points versus 0.51 percentage points 
with placebo; the 15 mg treatment difference was −1.57 
percentage points (95% CI −1.76 to −1.37) (Figure 5). The 
only T2DM trial, SURMOUNT-2, evaluated the 10 mg and 
15 mg doses (5 mg was not studied in this population), so 
no 5 mg HbA1c estimate exists for the T2DM analysis. 
Non-diabetic trials were excluded from this analysis; the 
earlier attribution of HbA1c efficacy to SURMOUNT-3 was 
incorrect and has been removed. The magnitude of HbA1c 
reduction was clinically substantial; observational data 
indicate a continuous association between lower HbA1c and 
reduced microvascular risk (with no defined threshold), but 
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Trial Ref. Population Design Comparator Dur. N (rand.)
SURMOUNT-1 7 Obesity, no diabetes Double-blind, 

placebo-controlled
Placebo 72 wk 2,539

SURMOUNT-2 8 Obesity + T2DM Double-blind, 
placebo-controlled

Placebo 72 wk 938

SURMOUNT-CN 12 Obesity, no diabetes 
(China)

Double-blind, 
placebo-controlled

Placebo 52 wk 210

SURMOUNT-3 9 No diabetes, post 
lifestyle lead-in

Enriched, placebo-
controlled

Placebo 72 wk 579

SURMOUNT-J 13 Obesity disease, no 
diabetes (Japan)

Double-blind, 
placebo-controlled

Placebo 72 wk 267 (mITT 
225)

SURMOUNT-4 10 Obesity, no diabetes Randomized 
withdrawal

Placebo 
(withdrawal)

to wk 88 670

SURMOUNT-MAINTAIN 14 Obesity, no diabetes Randomized 
withdrawal

Placebo/step-
down

to wk 112 378

SURMOUNT-5 11 Obesity, no diabetes Open-label, active 
comparator

Semaglutide 2.4 
mg

72 wk 751

Table 1. Characteristics of included trials

Trial Random. Devia. Missing Measure Report Overall
S-1 Low Low Low Low Low Low
S-2 Low Low Low Low Low Low
S-CN Low Low Low Low Low Low
S-3 Low Low Low Low Low Low
S-J Some Low Some Low Low Some concerns
S-4 Low Low Low Low Low Low
S-MNT Low Low Low Low Low Low
S-5 Low Some Low Low Low Some concerns

Table 2. Risk of bias (RoB 2), weight outcome
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this review did not assess long-term microvascular outcomes 
(24).

Safety
Gastrointestinal adverse events (reported as actual participant 
counts in each trial’s safety population) were more frequent 
with tirzepatide 15 mg than placebo (pooled odds ratios; 
Figure 6): nausea 4.4 (95% CI 2.5–7.8; ≈83→283 per 
1,000), diarrhea 3.6 (95% CI 1.7–7.8; ≈79→237 per 1,000), 
and vomiting 6.1 (95% CI 2.3–16.4; ≈23→128 per 1,000). 
Most events were mild to moderate and concentrated during 
dose escalation. Discontinuation due to adverse events was 
low and varied across doses within SURMOUNT-1 (5 
mg 4.3%, 10 mg 7.1%, 15 mg 6.2% vs placebo 2.6%); in 
SURMOUNT-J it was 0% at 15 mg versus 4% with placebo. 
Study completion ranged from 82.7% in SURMOUNT-3 
(74.1% completed on treatment, reflecting its longer overall 
design) to 95.7% in SURMOUNT-CN.

Maintenance and active-comparator evidence
These trials were not pooled with the placebo-controlled set 
(Figure 7). In the randomized-withdrawal trials, participants 
who continued tirzepatide maintained their weight loss 
whereas those switched to placebo regained weight: 
SURMOUNT-4 treatment difference −19.4 (95% CI −21.2 
to −17.7) and SURMOUNT-MAINTAIN −12.0 (95% CI 
−13.8 to −10.1) percentage points. In the active-comparator 
trial SURMOUNT-5, tirzepatide produced greater weight 
loss than semaglutide 2.4 mg (−20.2% vs −13.7%; treatment 
difference −6.5, 95% CI −8.1 to −4.9).

Certainty of evidence (GRADE)
Beginning from high certainty for randomized trials, the 
body-weight-change outcome was downgraded one level for 
serious inconsistency (I² = 94%) to moderate. The HbA1c 
outcome was not downgraded (a single large trial with a 
precise estimate well beyond any clinical threshold), yielding 
high certainty, with single-trial replication noted as desirable 
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Figure 2. Forest plot of tirzepatide 15 mg versus placebo for percentage body-weight change. Individual trials (blue squares) are 
shown by diabetes status; diamonds are the treatment-regimen primary pool, the +SURMOUNT-3 sensitivity, and the efficacy-
estimand (SURMOUNT-J) sensitivity.

Figure 3. Within-trial dose–response. Points are within-trial estimates; dotted connectors join doses within the same 
trial only. Doses are not compared across trials.

CI, confidence interval; CN, China; 
MD, mean difference; REML, 
restricted maximum likelihood; 
wk, weeks. SURMOUNT, 
phase 3 clinical trial program 
evaluating tirzepatide for obesity 
or overweight; SURMOUNT-CN, 
Chinese phase 3 SURMOUNT trial.
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in the Discussion rather than treated as a GRADE domain. 
The gastrointestinal adverse events, based on real participant 
counts, were rated high for nausea and diarrhea (no serious 
domain) and moderate for vomiting (imprecision) (Table 
3). Publication bias was not assessable (fewer than 10 
studies, all industry-funded); industry funding is discussed 
under reporting/publication bias rather than applied as an 
automatic downgrade (Supplementary Table S8). Weight-
loss-threshold (responder) outcomes are model-based and 
are presented descriptively (Figure 4), not GRADE-rated as 
pooled effects.

DISCUSSION
Across eight SURMOUNT weight-management RCTs, 
tirzepatide was associated with large weight loss in adults 
with overweight or obesity, with and without T2DM. In the 
conventional placebo-controlled analysis, tirzepatide 15 mg 
reduced body weight by about 15 percentage points more 
than placebo. The point estimate was numerically smaller 
in the single T2DM trial than in the non-diabetic trials, and 
the enriched, efficacy-estimand, maintenance, and active-
comparator trials, though supportive, address different 
questions and were analyzed separately.

High statistical heterogeneity (I² = 94%) reflects clinical and 
methodological diversity rather than inconsistent direction: 
every trial and dose favored tirzepatide. Diabetes status 
(attenuated weight loss in T2DM), design (SURMOUNT-
3’s lifestyle lead-in with placebo-group regain), and 
estimand (SURMOUNT-J’s efficacy estimand yields 
larger differences than the treatment-regimen estimand) all 
plausibly contribute, but with so few trials these could not 
be formally established. We therefore present individual, 
design-stratified, and estimand-specific estimates rather 
than a single definitive summary, and the conservative 
modified Knapp–Hartung intervals appropriately signal this 

110

Figure 4. Weight-loss threshold response by trial (descriptive; reported proportions). Tirzepatide 15 mg (left) versus 
placebo (right). S-J* uses the efficacy estimand; other trials the treatment-regimen estimand.

Figure 5. Mean HbA1c change in obesity with T2DM 
(SURMOUNT-2 only; baseline 8.0%; analyzed N=626).

Figure 6. Pooled odds ratios for gastrointestinal adverse events 
(tirzepatide 15 mg vs placebo; real n/N safety data; REML with 
modified Knapp–Hartung; log scale), with absolute risks per 1,000.

Outcome N (studies) Effect (95% CI) Absolute (per 1,000)
Body-weight 
change, 15 mg

2,039 (3) MD −14.8 pct pts 
(−23.0 to −6.7)

—

HbA1c, 15 mg 
(T2DM)

626 (1) MD −1.57 pct pts 
(−1.76 to −1.37)

—

Nausea 2,039 (3) OR 4.4 (2.5–7.8) 83 → 283 (182–412)
Diarrhea 2,039 (3) OR 3.6 (1.7–7.8) 79 → 237 (126–401)
Vomiting 2,039 (3) OR 6.1 (2.3–16.4) 23 → 128 (52–282)

Table 3. GRADE summary of findings

CI, confidence interval; MD, mean difference; OR, odds ratio; 
pct pts, percentage points. Absolute effects are events per 1,000 
(placebo → tirzepatide, with 95% CI).
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uncertainty.

In the one T2DM trial, tirzepatide lowered HbA1c by about 
2 percentage points; because this rests on a single trial, 
replication in additional T2DM populations is desirable 
even though the estimate itself is precise. Long-term data 
are now available: in the SURMOUNT-1 continuation to 
176 weeks in participants with obesity and prediabetes, 
weight loss was largely sustained and progression to T2DM 
was markedly reduced versus placebo (25). The head-
to-head SURMOUNT-5 trial showed greater weight loss 
with tirzepatide than semaglutide 2.4 mg (−6.5 percentage 
points), a finding consistent with emerging comparative and 
real-world evidence; however, this is a single open-label 
trial and should not be generalized into overall superiority 
(11,26,27). A dedicated cardiovascular outcome trial is now 
available: in SURPASS-CVOT, tirzepatide was noninferior 
to dulaglutide for major adverse cardiovascular events in 
adults with T2DM and established atherosclerotic disease, 
without demonstrating superiority (28). Cardiovascular 
outcome evidence specifically in people treated primarily 
for obesity without diabetes remains limited.

The safety profile is consistent with the drug class: 
predominantly mild-to-moderate gastrointestinal effects 
during dose escalation, low discontinuation, and generally 
high completion. Rare events such as pancreatitis 
warrant continued pharmacovigilance, and reasons for 
discontinuation deserve attention in practice (29,30).

Strengths include an explicit framework separating designs 
and estimands, use of directly reported between-group 
differences with REML/modified Knapp–Hartung inference 
appropriate for few studies, tabulated arm-level data with a 
code pipeline that reads the data workbook and reproduces 
the continuous meta-analyses and their sensitivity analyses, 
and transparent certainty rating. Limitations are important. 
First, the review was not prospectively registered, and 
analytic choices are post hoc amendments. Second, the 
primary analysis rests on three trials, so intervals are wide 
and small-study testing was not appropriate. Third, all eight 
trials were sponsored by a single manufacturer (Eli Lilly), 
which constrains external validity; because no independent 
randomized trials exist, this cannot be resolved by a sponsor-
exclusion analysis, and we therefore draw on independent 

real-world comparative data (which are directionally 
consistent but non-randomized) and call for independently 
funded trials rather than treating the sponsored evidence 
as definitive (27). Fourth, only one trial enrolled a T2DM 
population and only one contributed HbA1c efficacy. Fifth, 
SURMOUNT-J’s post-randomization site exclusion and 
its efficacy-estimand reporting limit its comparability, so 
it informs a sensitivity analysis only. Sixth, the upstream 
database-screening counts and final search date are completed 
by the authors from a licensed export (including Embase); 
weight-loss responder proportions are model-based and are 
therefore summarized descriptively, whereas adverse events 
are reported participant counts in the safety populations 
and were pooled as binary outcomes (with SURMOUNT-1 
counts flagged for a final check against its safety table). 
Seventh, the primary weight-loss analyses synthesized 
here had follow-up durations of 52–72 weeks; longer-term 
randomized evidence was limited mainly to the prediabetes 
subgroup of SURMOUNT-1 (176 weeks). Generalizability 
beyond predominantly White, Hispanic/Latino, Chinese, and 
Japanese populations is uncertain.

Tirzepatide is a highly effective option for weight 
management in adults with overweight or obesity, with 
additional glycemic benefit in T2DM. Because estimates 
vary by population, design, and estimand, expected weight 
loss should be communicated in population- and estimand-
specific terms. Priorities include independently funded head-
to-head trials, longer-term durability and post-cessation 
data, dedicated cardiovascular outcomes in obesity without 
diabetes, and more diverse enrollment.

CONCLUSION
Among the placebo-controlled SURMOUNT trials, 
tirzepatide was associated with substantially greater 
weight reduction than placebo, with meaningful glycemic 
improvement in T2DM. Estimates varied by diabetes status, 
trial design, and estimand, particularly in the lifestyle-
enriched SURMOUNT-3 population and the efficacy-
estimand SURMOUNT-J trial. Given the small, clinically 
heterogeneous, entirely industry-sponsored evidence base 
and the absence of a prospectively registered protocol, 
pooled estimates should be interpreted cautiously, and 
tirzepatide is best described as a highly effective option 
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Figure 7. Trials analyzed separately by design: SURMOUNT-4 and SURMOUNT-MAINTAIN (randomized withdrawal) and 
SURMOUNT-5 (active comparator vs semaglutide).
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whose comparative and long-term positioning requires 
further, ideally independent, evidence.
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