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Abstract 

Background  Metabolic syndrome is characterized as the co-occurrence of interrelated cardiovascular risk factors, 
including insulin resistance, hyperinsulinemia, abdominal obesity, dyslipidemia and hypertension. Once weekly tirze-
patide is approved in the US and EU for the treatment of type 2 diabetes (T2D) and obesity. In the SURPASS clinical 
trial program for T2D, tirzepatide demonstrated greater improvements in glycemic control, body weight reduction 
and other cardiometabolic risk factors versus placebo, subcutaneous semaglutide 1 mg, insulin degludec, and insulin 
glargine. This post hoc analysis assessed the effect of tirzepatide use on the prevalence of patients meeting the crite-
ria for metabolic syndrome across SURPASS 1–5.

Methods  Metabolic syndrome was defined as having ≥ 3 of 5 criteria according to the US National Cholesterol 
Education Program: Adult Treatment Panel III. Analyses were based on on-treatment data at the primary endpoint 
from patients adherent to treatment (taking ≥ 75% study drug). A logistic regression model with metabolic syndrome 
status as the response variable, metabolic syndrome status at the baseline visit as an adjustment, and randomized 
treatment as fixed explanatory effect was used. The effect of tirzepatide use on the prevalence of patients meeting 
the criteria for metabolic syndrome by categorical weight loss, background medication and gender were assessed.

Results  In SURPASS, the prevalence of patients meeting the criteria for metabolic syndrome at baseline was 67–88% 
across treatment groups with reductions at the primary endpoint to 38–64% with tirzepatide versus 64–82% 
with comparators. Reductions in the prevalence of patients meeting the criteria for metabolic syndrome was sig-
nificantly greater with all tirzepatide doses versus placebo, semaglutide 1 mg, insulin glargine, and insulin degludec 
(p < 0.001). Individual components of metabolic syndrome were also reduced to a greater extent with tirzepatide vs 
comparators. Greater reductions in body weight were associated with greater reductions in the prevalence of patients 
meeting the criteria for metabolic syndrome and its individual components. Background SGLT2i or sulfonylurea use 
or gender did not impact the change in prevalence of patients meeting the criteria for metabolic syndrome.

Conclusions  In this post hoc analysis, tirzepatide at all doses studied was associated with a greater reduction 
in the prevalence of patients meeting the criteria for metabolic syndrome compared to placebo, semaglutide 1 mg, 
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insulin degludec, and insulin glargine. Although more evidence is needed, these data would support greater potential 
improvement in cardiovascular risk factor profile with tirzepatide treatment in people across the continuum of T2D.
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Introduction
In his 1988 Banting lecture, Reaven [1] referred to 
“Syndrome X” as the presence of insulin resistance, 
hyperglycemia, hyperinsulinemia, increased plasma 
concentration of very low-density lipoprotein (VLDL) 
triglyceride, decreased plasma concentration of high-
density lipoprotein (HDL) cholesterol, and high blood 
pressure occurring in the same individual. He further 
hypothesized that “Syndrome X”, or what is referred 
to today as metabolic syndrome, may be linked to the 
development of coronary artery disease (CAD).

In recent years, the prevalence of obesity has 
increased [2, 3], resulting in a greater prevalence of 
people meeting the criteria for metabolic syndrome. 
Obesity and metabolic syndrome are associated with 
increased risk of CAD and other major adverse car-
diovascular events (MACE) [4–9]. Reduction in body 
weight can improve metabolic syndrome and its indi-
vidual components [10–15]. Therefore, lifestyle modifi-
cations are recommended as the first line of treatment 
for metabolic syndrome [16]. However, lifestyle modi-
fications alone are often not enough to achieve and 
maintain significant body weight reduction in the long 
term. Furthermore, in the Look AHEAD (Action for 
Health in Diabetes), the effect of an intensive lifestyle 
intervention was assessed in people with a body mass 
index (BMI) ≥ 25 kg/m2 and type 2 diabetes (T2D) [17]. 
Although patients maintained a 6% weight loss during 
a 10-year period, weight loss did not reduce the rate of 
cardiovascular events. In the sub population of patients 
who lost more than 10% body weight, a reduction in 
cardiovascular events was seen [18].

Bariatric surgery also improves glycemic control and 
reduces cardiovascular risk factors. In the STAMPEDE 
trial, in people with T2D and a body mass index (BMI) 
of 27–43 kg/m2, both gastric bypass and sleeve gastrec-
tomy in combination with intensive medical therapy 
were superior to intensive medical therapy alone in 
achieving glycated hemoglobin (HbA1c) ≤ 6.0%, [19–
21], reducing cardiovascular risk and medication use 
[22], and thus, improving quality of life [20, 21]. Fur-
thermore, approximately 92% of patients overall had 
metabolic syndrome at baseline, but 1  year after the 
interventions, the surgical groups had better metabolic 
improvement compared to the intensive medical ther-
apy group. At 1 year, resolution of metabolic syndrome 

occurred in 35% of patients in the intensive medical 
therapy group, 65% in the gastric bypass group, and 
59% in the sleeve gastrectomy group [19].

Tirzepatide is a once-weekly subcutaneous injection 
of glucose-dependent insulinotropic polypeptide (GIP) 
and glucagon-like peptide-1 (GLP-1) receptor agonist 
approved in the US and EU for the treatment of T2D and 
obesity. In the SURPASS clinical trial program, treatment 
with tirzepatide at all doses (5  mg, 10  mg, and 15  mg) 
resulted in substantial reductions in HbA1c, ranging 
from − 1.9% to − 2.6%, and robust body weight reduc-
tions, ranging from − 6.6% to − 13.9% over a treatment 
period of 40 to 104 weeks [23–27]. Moreover, this finding 
was extended in a 72-week trial in participants with obe-
sity and T2D, where tirzepatide 10 and 15 mg resulted in 
body weight reductions of 13.4% and 15.7%, respectively, 
versus 3.3% with placebo. [28]. The safety profile of tirze-
patide is consistent with that of GLP-1 receptor agonists, 
with the most commonly reported adverse events being 
generally mild to moderate gastrointestinal symptoms, 
which typically decreased over time. Tirzepatide treat-
ment has also significantly improved markers of beta-
cell function and insulin sensitivity as monotherapy and 
compared to dulaglutide 1.5  mg and semaglutide 1  mg 
[29–31] and demonstrated cardiovascular safety when 
compared with pooled comparators for MACE-4, includ-
ing death due to cardiovascular cause, myocardial infarc-
tion, stroke and hospitalization for unstable angina [32]. 
In the phase 2b trial, tirzepatide at the 15 mg dose admin-
istered over 26 weeks uniquely modulated 54 metabolites 
associated with T2D risk and metabolic dysregulation 
consistent with improved cardiovascular risk factor pro-
file, compared to only 6 metabolites with dulaglutide, and 
no changes with placebo [33].

This post hoc analysis assessed the effect of tirzepatide 
use on the prevalence of patients meeting the criteria for 
metabolic syndrome across the five SURPASS registra-
tional clinical trials and the association between tirzepa-
tide-induced weight loss and the prevalence of patients 
meeting the criteria for metabolic syndrome.

Materials and methods
Trial design and study population
The trial designs, study populations and primary results 
of SURPASS-1, SURPASS-2, SURPASS-3, SURPASS-4 
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and SURPASS-5 are published [23–27]. Two of the trials 
were placebo-controlled (SURPASS-1 and SURPASS-5) 
while the remaining three trials compared tirzepatide to 
semaglutide 1  mg (SURPASS-2), titrated insulin deglu-
dec (SURPASS-3) and titrated insulin glargine (SUR-
PASS-4). The Phase 3 SURPASS clinical trial program 
included 6278 patients and treatment periods rang-
ing from 40 to 104  weeks. The SURPASS registrational 
clinical trials were designed to evaluate the safety and 
efficacy of tirzepatide (5 mg, 10 mg, or 15 mg) in adults 
aged 18  years or older, with T2D (baseline HbA1c ≥ 7.0 
or ≥ 7.5% to ≤ 9.5% or ≤ 10.5% [53–91  mmol/mol] and 
BMI ≥ 23  kg/m2 or ≥ 25  kg/m2, depending on individual 
trial criteria). The primary efficacy measure was HbA1c 
reduction from baseline at the primary endpoints of 40 
or 52  weeks, depending on the individual trial, with an 
objective of superiority of tirzepatide versus placebo or 
non-inferiority of tirzepatide compared with active com-
parators. There were no diet and exercise recommenda-
tions beyond the usual practice at each study center and 
concomitant pharmacotherapy that promoted weight 
loss was not allowed. All laboratory parameters were 
assessed in a central laboratory.

The trials assessed in this analysis (NCT03954834, 
NCT03987919, NCT03882970, NCT03730662, and 
NCT04039503) were conducted in accordance with the 
International Conference on Harmonisation Guidelines 
for Good Clinical Practice and the Declaration of Hel-
sinki. All patients provided signed informed consent and 
protocols were approved by local ethical review boards.

Categorical cut‑off points for meeting the criteria 
for metabolic syndrome
A list of the criteria used to define metabolic syndrome 
in this report is presented in Additional file 1: Table S1. 
The definition of metabolic syndrome was based on the 
NCEP ATP III (2005 revision) criteria (AHA/NHLBI) 
[34, 35]. The individual component of hyperglycemia 
was defined as either fasting serum glucose ≥ 100  mg/
dL (5.6  mmol/L) (NCEP ATP III) or HbA1c ≥ 5.7% 
(38.8 mmol/mol) to increase accuracy [16].

Outcomes
The prevalence of patients meeting the criteria for met-
abolic syndrome and individual components of meta-
bolic syndrome in the SURPASS clinical trial program 
was assessed at baseline and at the primary endpoint of 
Week 40 (SURPASS-1, SURPASS-2 and SURPASS-5) 
or 52 Week (SURPASS-3 and SURPASS-4) in patients 
treated with tirzepatide, placebo, or active comparators. 
Subgroup analyses of the effect of tirzepatide use on the 
prevalence of patients meeting the criteria for meta-
bolic syndrome by categorical weight loss (< 5%, > 5% 

to ≤ 10%, > 10% to ≤ 15%, > 15% to ≤ 20%, or > 20%, 
and < 15% or ≥ 15%) and background medication use 
(sodium-glucose co-transporter 2 inhibitors [SGLT2i] or 
sulfonylurea) and gender were also assessed. Subgroup 
analyses were not performed on patients on background 
metformin. All laboratory parameters were assessed in a 
central laboratory.

Statistical analysis
Analyses was conducted, separately using baseline data 
and on treatment data at the study primary endpoint 
visit for five randomized controlled trials using a cohort 
of patient deemed compliant to study drug (taking ≥ 75% 
of assigned study drug). A logistic regression model with 
metabolic syndrome status (yes, no) at primary endpoint 
visit of the study as the response variable with meta-
bolic syndrome status (yes, no) at the baseline visit as an 
adjustment and randomized treatment as fixed explana-
tory effect was used to compare prevalence of patients 
meeting the criteria for metabolic syndrome at the pri-
mary endpoint visit between tirzepatide and compara-
tor. All analyses presented are exploratory in nature, and 
a p-value < 0.05 was considered statistically significant. 
Analyses were performed using SAS version 9.4 (Copy-
right © 2017 SAS Institute Inc., Cary, NC, USA).

Results
Patient disposition and characteristics at baseline
A total of 5219 patients were included in this post hoc 
analysis (tirzepatide 5  mg, N = 1206, tirzepatide 10  mg, 
N = 1162, tirzepatide 15  mg, N = 1046, comparator, 
N = 1805). Clinical characteristics and baseline demo-
graphics were well balanced between tirzepatide and 
comparators for each study [22–26]. At baseline, 4056 
patients (78%) met the criteria of having metabolic syn-
drome (tirzepatide 5  mg, n = 974; tirzepatide 10  mg, 
n = 979; tirzepatide 15  mg, n = 960; comparator, 
n = 1476). Similar prevalence of patients meeting the cri-
teria for metabolic syndrome was observed despite dif-
ferent stages of T2D across the SURPASS clinical trial 
program (Table 1).

Effect of tirzepatide use on the prevalence of metabolic 
syndrome in the SURPASS clinical trial program
Overall, the prevalence of patients meeting the criteria 
for metabolic syndrome was reduced with tirzepatide 
across the SURPASS clinical trial program and was dose-
dependent, with the greatest reductions observed with 
tirzepatide 15 mg. The proportion of patients with at least 
3 criteria for metabolic syndrome ranged from 67–88% at 
baseline to 38–64% at Week 40/52 with tirzepatide ver-
sus 77–84% to 64–82% with comparators, respectively 
(Table 1 and Fig.  1). The reduction in the prevalence of 
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Table 1  Prevalence of patients meeting the criteria for metabolic syndrome in the SURPASS clinical trial program

Metabolic Syndrome 
Risk Factors

Tirzepatide 5 mg Tirzepatide 10 mg Tirzepatide 15 mg Comparator

Baseline Primary Endpoint Baseline Primary Endpoint Baseline Primary 
Endpoint

Baseline Primary Endpoint

SURPASS-1 monotherapy, N 105 103 93 95

 ≥ 3 Risk Factors 77 (73.3) 58 (55.2) 69 (67.0) 49 (47.6) 70 (75.3) 36 (38.7) 73 (76.8) 68 (71.6)

WC > 102 cm (M), > 89 cm 
(F)

76 (72.4) 63 (60.0) 67 (65.0) 47 (45.6) 61 (65.6) 46 (49.5) 64 (67.4) 61 (64.2)

FSG ≥ 100 mg/dL 
or HbA1c ≥ 5.7%

105 (100.0) 83 (79.0) 103 (100.0) 84 (81.6) 93 (100.0) 60 (64.5) 95 (100.0) 94 (98.9)

SBP > 130 mmHg 
or DBP > 85 mmHg

50 (47.6) 40 (38.1) 45 (43.7) 29 (28.2) 44 (47.3) 26 (28.0) 41 (43.2) 41 (43.2)

Triglycerides > 150 mg/dL 52 (49.5) 37 (35.2) 52 (50.5) 31 (30.1) 45 (48.4) 23 (24.7) 53 (55.8) 48 (50.5)

HDL < 40 mg/dL 
(M), < 50 mg/dL (F)

62 (59.0) 53 (50.5) 51 (49.5) 50 (48.5) 55 (59.1) 47 (50.5) 55 (57.9) 56 (58.9)

SURPASS-2 add-on to MET 
vs SEMA 1 mg, N

415 387 389 414

 ≥ 3 Risk Factors 341 (82.2) 227 (54.7) 336 (86.8) 199 (51.4) 328 (84.3) 161 (41.4) 344 (83.1) 266 (64.3)

WC > 102 cm (M), > 89 cm 
(F)

345 (83.1) 272 (65.5) 326 (84.2) 244 (63.0) 326 (83.8) 234 (60.2) 349 (84.3) 278 (67.1)

FSG ≥ 100 mg/dL 
or HbA1c ≥ 5.7%

415 (100.0) 345 (83.1) 387 (100.0) 263 (68.0) 389 (100.0) 235 (60.4) 414 (100.0) 358 (86.5)

SBP > 130 mmHg 
or DBP > 85 mmHg

230 (55.4) 165 (39.8) 244 (63.0) 148 (38.2) 206 (53.0) 139 (35.7) 234 (56.5) 187 (45.2)

Triglycerides > 150 mg/dL 227 (54.7) 159 (38.3) 211 (54.5) 132 (34.1) 209 (53.7) 120 (30.8) 225 (54.3) 193 (46.6)

HDL < 40 mg/dL 
(M), < 50 mg/dL (F)

230 (55.4) 183 (44.1) 216 (55.8) 170 (43.9) 229 (58.9) 176 (45.2) 239 (57.7) 201 (48.6)

SURPASS-3 add-on 
to MET ± SGLT2i vs iDeg, N

308 291 292 313

 ≥ 3 Risk Factors 245 (79.5) 184 (59.7) 249 (85.6) 139 (47.8) 249 (85.3) 145 (49.7) 242 (77.3) 248 (79.2)

WC > 102 cm (M), > 89 cm 
(F)

255 (82.8) 212 (68.8) 248 (85.2) 170 (58.4) 252 (86.3) 173 (59.2) 253 (80.8) 263 (84.0)

FSG ≥ 100 mg/dL 
or HbA1c ≥ 5.7%

308 (100.0) 269 (87.3) 291 (100.0) 220 (75.6) 292 (100.0) 211 (72.3) 313 (100.0) 297 (94.9)

SBP > 130 mmHg 
or DBP > 85 mmHg

185 (60.1) 131 (42.5) 173 (59.5) 109 (37.5) 180 (61.6) 112 (38.4) 201 (64.2) 192 (61.3)

Triglycerides > 150 mg/dL 166 (53.9) 120 (39.0) 155 (53.3) 91 (31.3) 163 (55.8) 101 (34.6) 155 (49.5) 129 (41.2)

HDL < 40 mg/dL 
(M), < 50 mg/dL (F)

153 (49.7) 135 (43.8) 171 (58.8) 118 (40.5) 163 (55.8) 125 (42.8) 154 (49.2) 150 (47.9)

SUR-
PASS-4 ± MET ± SGLT2i ± SU 
vs iGlar, N

273 276 274 870

 ≥ 3 Risk Factors 227 (83.2) 159 (58.2) 242 (87.7) 163 (59.1) 237 (86.5) 141 (51.5) 727 (83.6) 717 (82.4)

WC > 102 cm (M), > 89 cm 
(F)

222 (81.3) 174 (63.7) 227 (82.2) 163 (59.1) 226 (82.5) 158 (57.7) 674 (77.5) 709 (81.5)

FSG ≥ 100 mg/dL 
or HbA1c ≥ 5.7%

273 (100.0) 227 (83.2) 276 (100.0) 227 (82.2) 274 (100.0) 193 (70.4) 869 (99.9) 843 (96.9)

SBP > 130 mmHg 
or DBP > 85 mmHg

169 (61.9) 134 (49.1) 180 (65.2) 155 (56.2) 179 (65.3) 138 (50.4) 590 (64.4) 609 (70.0)

Triglycerides > 150 mg/dL 154 (56.4) 112 (41.0) 146 (52.9) 92 (33.3) 151 (55.1) 92 (33.6) 451 (51.8) 416 (47.8)

HDL < 40 mg/dL 
(M), < 50 mg/dL (F)

156 (57.1) 130 (47.6) 182 (65.9) 130 (47.1) 168 (61.3) 124 (45.3) 509 (58.5) 466 (53.6)

SURPASS-5 add-on to insulin 
glargine ± MET vs PBO, N

105 105 98 113

 ≥ 3 Risk Factors 84 (80.0) 67 (63.8) 83 (79.0) 55 (52.4) 76 (77.6) 37 (37.8) 90 (79.6) 90 (79.6)

WC > 102 cm (M), > 89 cm 
(F)

92 (87.6) 79 (75.2) 87 (82.9) 76 (72.4) 81 (82.7) 69 (70.4) 90 (79.6) 92 (81.4)

FSG ≥ 100 mg/dL 
or HbA1c ≥ 5.7%

105 (100.0) 84 (80.0) 105 (100.0) 68 (64.8) 98 (100.0) 54 (55.1) 113 (100.0) 110 (97.3)

SBP > 130 mmHg 
or DBP > 85 mmHg

73 (69.5) 59 (56.2) 78 (74.3) 55 (52.4) 69 (70.4) 31 (31.6) 84 (74.3) 80 (70.8)
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patients meeting the criteria for metabolic syndrome 
was significantly greater with pooled tirzepatide doses 
compared to placebo, semaglutide 1 mg, insulin glargine, 
and insulin degludec (p < 0.001, all comparisons). With 
the exception of the semaglutide 1 mg arm (from 83% at 
baseline to 64% at the primary endpoint), the prevalence 
of patients meeting the criteria for metabolic syndrome 

in the comparator groups remained unchanged from 
baseline to primary endpoint visit.

Data are n (%) at baseline and at the primary endpoint of 40 weeks (SURPASS-1, SURPASS-2 and SURPASS-5) or 52 weeks (SURPASS-3, SURPASS-4) in patients 
on-treatment compliant to study drug (patients taking ≥ 75% of assigned doses)

DBP: diastolic blood pressure; F: female; FSG: fasting serum glucose; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein; iDeg: insulin degludec; iGlar: insulin 
glargine; M: male; MET: metformin; n: number of patients in the specified category; PBO: placebo; SBP: systolic blood pressure; SEMA: semaglutide; SGLT2i: sodium 
glucose cotransporter 2 inhibitor; SU: sulfonylurea; WC: waist circumference

Table 1  (continued)

Metabolic Syndrome 
Risk Factors

Tirzepatide 5 mg Tirzepatide 10 mg Tirzepatide 15 mg Comparator

Baseline Primary Endpoint Baseline Primary Endpoint Baseline Primary 
Endpoint

Baseline Primary Endpoint

Triglycerides > 150 mg/dL 48 (45.7) 33 (31.4) 52 (49.5) 31 (29.5) 37 (37.8) 17 (17.3) 48 (42.5) 44 (38.9)

HDL < 40 mg/dL 
(M), < 50 mg/dL (F)

53 (50.5) 47 (44.8) 45 (42.9) 39 (37.1) 43 (43.9) 40 (40.8) 46 (40.7) 46 (40.7)

0

20

40

60

80

100

72

64

79
82

80

39
41

50 52

38

48
51

48

59

52
55 55

60 58
64

Pr
ev

al
an

ce
 of

 m
et

ab
ol

ic 
sy

nd
ro

m
e

 at
 th

e p
rim

ar
y e

nd
po

in
t (

%
)

SURPASS-1
40 weeks

Monotherapy

SURPASS-2
40 weeks

Add-on to MET

SURPASS-3
52 weeks

Add-on to MET
± SGLT2i

SURPASS-4
52 weeks
± MET

± SGLT2i ± SU

SURPASS-5
40 weeks

Add-on to insulin
glargine ± MET

Baseline (%): 73 67 75 77 82 87 84 83 80 86 85 77 83 88 87 84 80 79 78 80

Tirzepatide 15 mg 

Comparator 
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Fig. 1  Prevalence of patients meeting the criteria for metabolic syndrome in the SURPASS clinical trial program. Data are proportion of patients 
with at least 3 diagnostic criteria for metabolic syndrome at the primary endpoint of 40/52 weeks. Pooled tirzepatide vs comparator was statistically 
significant in each trial. MET: metformin; SGLT2i: sodium-glucose co-transporter 2 inhibitor; SU: sulfonylurea
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Effect of tirzepatide use on individual components 
of metabolic syndrome
Treatment with tirzepatide improved individual compo-
nents of metabolic syndrome (Table  1). The prevalence 
of waist circumference > 102 cm in males and > 89 cm in 
females reduced from 65–88% at baseline to 46–75% at 
Week 40/52 with tirzepatide versus 67–84% to 64–84% 
with comparators, respectively. The prevalence of 
fasting serum glucose ≥ 5.6  mmol/L (100  mg/dL) or 
HbA1c ≥ 38.8  mmol/mol (5.7%) reduced from 100% at 
baseline to 55–87% with tirzepatide versus 87–99% with 
comparators at Week 40/52. The prevalence of systolic 
blood pressure ≥ 130  mmHg or diastolic blood pres-
sure ≥ 85  mmHg reduced from 44–74% at baseline to 
28–56% at Week 40/52 with tirzepatide versus 43–74% to 
43–71% with comparators, respectively. The prevalence 
of triglycerides > 150  mg/dL reduced from 38–56% at 
baseline to 17–41% at Week 40/52 with tirzepatide ver-
sus 43–56% to 39–51% with comparators, respectively. 
Modest reductions in the prevalence of HDL < 40 mg/dL 
in males and < 50  mg/dL in females were observed with 
tirzepatide, ranging from 43–66% at baseline to 37–51% 
at Week 40/52 vs 41–59% to 41–59% with comparators, 
respectively.

Association of tirzepatide use on the prevalence 
of patients meeting the criteria for metabolic syndrome 
by weight loss category, SGLT2i or sulfonylurea use, 
or gender
In the SURPASS clinical trial program, greater body 
weight reduction with tirzepatide was associated with 
greater reduction in the prevalence of patients meet-
ing the criteria for metabolic syndrome. In patients 
who had > 20% body weight reduction, the prevalence 
of patients meeting the criteria for metabolic syndrome 
decreased from 80–91% at baseline to 20–28% at Week 
40/52 (Table 2 and Fig. 2). Furthermore, patients achiev-
ing ≥ 15% body weight reduction demonstrated a greater 
reduction in the prevalence of the majority of individual 
components, albeit to a lesser extent for changes in HDL 
cholesterol (Fig. 3 and Additional file 1: Table S2). These 
finding were unaffected by background use of SGLT2i 
(Fig. 4 and Additional file 1: Table S3), background use of 
sulfonylurea (Table 3) and was not meaningfully different 
between females and males (Additional file 1: Figures S1 
and S2).

Discussion
Our findings in context
In the SURPASS clinical trial program, tirzepatide at 
all doses studied (5  mg, 10  mg, and 15  mg) demon-
strated clinically relevant reductions in the prevalence 
of patients meeting the criteria for metabolic syndrome 

following 40 or 52 weeks of treatment. Reductions in the 
prevalence of metabolic syndrome with tirzepatide treat-
ment were significantly greater versus active compara-
tors. The magnitude of the effect was consistent among 
individual components of metabolic syndrome, with the 
exception of changes in HDL cholesterol. Greater body 
weight reduction with tirzepatide was associated with 
greater reduction in the prevalence of patients meeting 
the criteria for metabolic syndrome. A similar reduction 
in the prevalence of patients meeting the criteria for met-
abolic syndrome was observed despite patients on vary-
ing background medications across the T2D continuum.

To date, there is a lack of similar data with other non-
surgical treatments for T2D. This may be because most 
other treatment options are associated with a lower 
decrease of weight. However, results of the current analy-
sis align with a post hoc analysis of SURPASS-4, which 
demonstrated a significant dose-dependent reduction in 
the prevalence of patients meeting the criteria for meta-
bolic syndrome from 83–88% at baseline to 51–60% at 
52 weeks across groups compared to relatively no change 
in patients treated with insulin glargine [36]. Although 
there are data on metabolic improvement with semaglu-
tide at doses of 0.5  mg and 1  mg in patients with T2D 
[37], there are no publications evaluating the improve-
ment of metabolic syndrome in this population. In a 
post hoc analysis of the STEP 5 trial, in adults with-
out diabetes and with a BMI ≥ 30  kg/m2 or ≥ 27  kg/m2 
with ≥ 1 weight-related comorbidity, a greater propor-
tion of patients treated with once-weekly subcutane-
ous semaglutide 2.4 mg achieved remission of metabolic 
syndrome, and fewer developed incident metabolic syn-
drome, compared with placebo. These benefits were 
maintained over 2  years of semaglutide treatment [38]. 
Similar results were observed in STEP 1, with resolution 
of metabolic syndrome observed in 63% of participants 
following 68 weeks of treatment with semaglutide 2.4 mg 
[39].

In the current analysis, all five individual risk factors 
of metabolic syndrome were improved after tirzepatide 
treatment, particularly the hyperglycemia component 
and to a lesser extent HDL cholesterol. This suggests both 
a weight loss-independent effect of tirzepatide, mediated 
by GIP and GLP-1 receptor agonism as demonstrated 
by an increase in pancreatic beta-cell glucose sensitivity 
and enhancing insulin secretion, and other weight loss-
dependent effects such as waist circumference. There-
fore, tirzepatide treatment increased the percentage of 
patients within a normal range for cardiovascular risk 
factors.
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The association of body weight reduction 
on the prevalence of patients meeting the criteria 
for metabolic syndrome
The reduction in the prevalence of patients meeting the 
criteria for metabolic syndrome in patients receiving 
tirzepatide and its individual components was associated 
with reductions in body weight. In the SURPASS clini-
cal trial program, 7–43% of patients achieved ≥ 15% body 
weight reductions with tirzepatide [23–27]. A recent 
meta-analysis also demonstrated significant reductions 
in waist circumference in patients on tirzepatide [40]. 
Clinical characteristics of those achieving this much body 
weight loss and predictors of ≥ 15% body weight reduc-
tions have been previously assessed, determining female 
sex as one of the strongest predictors [41]. In the pre-
sent analysis, despite of differences in baseline values, no 
meaningful sex differences in the magnitude of reduc-
tion of patients meeting either the overall criteria for 
metabolic syndromes or specifically the criterion of waist 
circumference could be determined (Additional file  1: 
Figures S1 and S2). The baseline prevalence of individu-
als meeting criteria of metabolic syndrome were some-
what larger in women and seems to be driven mainly by 

the waist circumference criteria. Moreover, the reduc-
tion of the prevalence of patients meeting the criteria for 
metabolic syndrome was not dependent on background 
SGLT2i or background use of sulfonylurea.

Modest weight loss of 5–10% has traditionally been 
a realistic goal for both preventing T2D and improving 
glycemic and metabolic control in people with T2D [41–
43]. In the Diabetes Remission Clinical Trial (DiRECT), 
nearly half of patients with T2D of up to 6 years’ duration 
achieved remission, defined as HbA1c < 6.5% (< 48 mmol/
mol) after at least 2  months off all antidiabetic medica-
tions, at 1  year following a structured weight-manage-
ment program [44]. Furthermore, patients with higher 
weight loss were more likely to achieve HbA1c < 6.5%. 
At the 2-year follow-up, 17 (11%) of 149 patients 
achieved ≥ 15 kg weight loss, and of these, 70% achieved 
HbA1c < 6.5%, compared to 29% of patients who main-
tained ≥ 5 kg to < 10 kg weight loss [45]. The reduction in 
the prevalence of patients meeting the criteria for meta-
bolic syndrome observed with tirzepatide treatment in 
this SURPASS clinical trial program, and in particular 
in those with substantial weight loss, is within a similar 
range that has been previously reported with surgical 
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intervention [46]. This is notable considering that weight 
reduction with surgery is of a greater magnitude. Fur-
thermore, both treatments have weight loss-independent 
benefits on certain aspects of the metabolic syndrome, 
such as glycemia [46].

The benefits of weight loss go beyond improving gly-
cemic control, including reducing cardiovascular risk 
factors, and improving health-related quality of life and 
common obesity-related comorbidities of T2D, such as 
osteoarthritis and sleep apnea [47]. At the 1-year fol-
low-up of the Look AHEAD randomized clinical trial, 
patients in the intensive lifestyle intervention group had 
greater improvements in HbA1c levels and in all cardio-
vascular risk factors, except for low-density lipoprotein 
cholesterol levels [17]. However, at a median follow-up 
of nearly 10  years, intensive lifestyle intervention did 
not decrease cardiovascular morbidity and mortality, 
as compared to a control program of diabetes support 
and education [17]. Furthermore, greater reductions in 
body weight are associated with greater improvements 
in blood pressure, glycemic control, and lipids [48]. Look 
AHEAD post hoc analyses showed that body weight 
reductions of 10% or increasing fitness by two metabolic 

equivalents in the first year was associated with an 
approximate 20% reduction in risk of cardiovascular dis-
ease, compared to no associations observed with small or 
moderate weight loss [18]. In the SELECT cardiovascular 
outcomes trial, treatment with once-weekly semaglutide 
2.4 mg versus placebo resulted in superior reductions in 
MACE by 20% in adults living with overweight or obesity 
and established cardiovascular disease with no prior his-
tory of diabetes [49].

The results of this post hoc analysis align with tirzepa-
tide mechanisms of action, such as the the improvement 
in insulin sensitivity. In Phase 2 and 3 trials, tirzepa-
tide significantly reduced markers of insulin resistance 
(HOMA2-IR), and this finding was confirmed in a phase 
1 mechanism of action study [29–31, 52]. This improve-
ment can be explained in part by weight loss, since other 
mechanisms could be mediated, like the GIP activation 
in adipose tissue [29–31, 50–52]. Tirzepatide improved 
insulin sensitivity in people with T2D, with greater effects 
than semaglutide 1 mg, in a context of 11.2 kg loss with 
tirzepatide and 6.9 kg loss with semaglutide. [24, 31, 53]. 
In a post hoc analysis, tirzepatide 15 mg showed greater 
improvement in insulin sensitivity per unit weight loss 
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than semaglutide 1 mg [54]. This aligns with the improve-
ments observed in the current study, which demon-
strated differences in the prevalence of patients meeting 
the criteria for metabolic syndrome between all tirzepa-
tide doses and semaglutide.

The reduction in the proportion of patients with hyper-
tension following tirzepatide treatment demonstrated in 
the present analysis may be, in part, due to weight loss. In 
the SURPASS studies, the reduction of the systolic blood 
pressure was primarily mediated through weight loss [40, 
54, 55].

Tirzepatide treatment has reduced hypertriglyceri-
demia, an important component of metabolic syndrome. 
In the SURPASS-2 study, treatment with tirzepatide 
resulted in greater reductions in serum triglyceride con-
centration compared to selective GLP-1 receptor agonist 
semaglutide 1  mg [24]. Furthermore, the triglyceride-
lowering effect of tirzepatide appears to be additive to the 

effect of fibrates [55, 56]. In a preclinical model, selective 
GIP agonist administration resulted in marked improve-
ment of lipoprotein profile, suggesting that the GIP com-
ponent may be an important contributor to metabolic 
improvements of GIP and GLP-1 receptor agonists, like 
tirzepatide [57]. The GIP agonist component of tirzepa-
tide may contribute to the findings in most dimensions of 
metabolic syndrome. Apart from the favorable effect on 
lipoproteins, long-acting GIP agonists resulted in weight 
loss and, when combined with GLP-1 receptor agonists, 
contributed to better glycemic control [55].

Overall, our results align with other post hoc analyses 
with tirzepatide, which showed a greater clinical benefit, 
greater improvements in HbA1c and other cardiometa-
bolic measures, with greater weight loss [41, 54].

Tirzepatide 15 mg 
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Limitations and conclusions
This analysis has limitations. This was a post hoc analy-
sis that was exploratory in nature. Dose adjustments and 
indications for antihypertensive and lipid-modifying 
medications were not systematically collected to factor 
them into the assessment of metabolic syndrome status. 
Furthermore, reductions in body weight or HbA1c with 
tirzepatide did not plateau at Week 40/52 and therefore 
longer-term studies are needed to further elucidate their 
association on the prevalence of patients meeting the 
criteria for metabolic syndrome. Consequently, the true 
impact of tirzepatide on metabolic syndrome may not 
be fully be explained in this post hoc analysis. Interpre-
tation of these results must consider that the metabolic 
syndrome criteria have been applied to a population 
with a diagnosis of diabetes mellitus and on antidiabetic 
treatment (except SURPASS-1) and many participants 
received treatment for hypertension or hypercholester-
olemia. Furthermore, the predictive value of meeting 

metabolic syndrome criteria for cardiovascular risk and 
events may differ in patients with or without diabetes. 
However, in patients with T2D, metabolic syndrome has 
shown to predict atherosclerosis, is an independent pre-
dictor of cardiovascular disease, is an indicator of micro-
vascular and macrovascular complications and increased 
risk of adverse cardio-renal outcomes [58–61]. Moreo-
ver, the present post hoc analysis did not include sepa-
rate thresholds for waist circumference in Asians. While 
Asians, in particular South Asians, may be more suscep-
tible to develop metabolic syndrome at waist circumfer-
ences below NCEP ATP III cutoff, the number of Asians 
included in this analysis was low and therefore would not 
have impacted outcome.

In conclusion, treatment with tirzepatide resulted in 
clinically relevant reductions in the prevalence of patients 
meeting the criteria for metabolic syndrome across the 
SURPASS clinical trial program. Greater body weight 
reduction with tirzepatide was associated with greater 

Table 3  Prevalence of patients meeting the criteria for metabolic syndrome by sulfonylurea status (yes, no)

Data are n (%) at baseline and at the primary endpoint of 52 weeks (SURPASS-4) in patients on-treatment compliant to study drug (patients taking ≥ 75% of assigned 
doses). Percentage is calculated based on each subgroup value for each treatment group

DBP: diastolic blood pressure; F: female; FSG: fasting serum glucose; HbA1c: glycated hemoglobin; HDL: high-density lipoprotein; iDeg: insulin degludec; iGlar: insulin 
glargine; M: male; MET: metformin; n: number of patients in the specified category; SBP: systolic blood pressure; SGLT2i: sodium-glucose co-transporter 2 inhibitor; SU: 
sulfonylurea; WC: waist circumference

Metabolic Syndrome 
Risk Factors

Tirzepatide 5 mg Tirzepatide 10 mg Tirzepatide 15 mg Comparator

Baseline Primary Endpoint Baseline Primary Endpoint Baseline Primary 
Endpoint

Baseline Primary Endpoint

SUR-
PASS-4 ± MET ± SGLT2i ± SU 
vs iGlar, N, yes

156 157 155 466

 ≥ 3 Risk Factors 128 (82.1) 91 (58.3) 141 (89.8) 96 (61.1) 140 (90.3) 84 (54.2) 396 (85.0) 392 (84.1)

WC > 102 cm (M), > 89 cm 
(F)

124 (79.5) 100 (64.1) 129 (82.2) 96 (61.1) 128 (82.6) 91 (58.7) 359 (77.0) 385 (82.6)

FSG ≥ 100 mg/dL 
or HbA1c ≥ 5.7%

156 (100.0) 129 (82.7) 157 (100.0) 133 (84.7) 155 (100.0) 119 (76.8) 466 (100.0) 460 (98.7)

SBP > 130 mmHg 
or DBP > 85 mmHg

96 (61.5) 76 (48.7) 107 (68.2) 85 (54.1) 107 (69.0) 81 (52.3) 296 (63.5) 333 (71.5)

Triglycerides > 150 mg/dL 93 (59.6) 68 (43.6) 82 (52.2) 54 (34.4) 95 (61.3) 51 (32.9) 248 (53.2) 230 (49.4)

HDL < 40 mg/dL 
(M), < 50 mg/dL (F)

92 (59.0) 77 (49.4) 102 (65.0) 77 (49.0) 94 (60.6) 70 (45.2) 279 (59.9) 261 (56.0)

SUR-
PASS-4 ± MET ± SGLT2i ± SU 
vs iGlar, N, no

117 119 119 404

 ≥ 3 Risk Factors 99 (84.6) 68 (58.1) 101 (84.9) 67 (56.3) 97 (81.5) 57 (47.9) 331 (81.9) 325 (80.4)

WC > 102 cm (M), > 89 cm 
(F)

98 (83.8) 74 (63.2) 98 (82.4) 67 (56.3) 98 (82.4) 67 (56.3) 315 (78.0) 324 (80.2)

FSG ≥ 100 mg/dL 
or HbA1c ≥ 5.7%

117 (100.0) 98 (83.8) 119 (100.0) 94 (79.0) 119 (100.0) 74 (62.2) 403 (99.8) 383 (94.8)

SBP > 130 mmHg 
or DBP > 85 mmHg

73 (62.4) 58 (49.6) 73 (61.3) 70 (58.8) 72 (60.5) 57 (47.9) 264 (65.3) 276 (68.3)

Triglycerides > 150 mg/dL 61 (52.1) 44 (37.6) 64 (53.8) 38 (31.9) 56 (47.1) 41 (34.5) 203 (50.2) 186 (46.0)

HDL < 40 mg/dL 
(M), < 50 mg/dL (F)

64 (54.7) 53 (45.3) 80 (67.2) 53 (44.5) 74 (62.2) 54 (45.4) 230 (56.9) 205 (50.7)
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reduction in the prevalence of patients meeting the cri-
teria for metabolic syndrome. Reducing the prevalence 
of individual components of metabolic syndrome may 
reduce the risk of cardiovascular events. The effect of 
tirzepatide treatment on cardiovascular risk factors and 
cardiovascular outcomes is being evaluated in the ongo-
ing phase 3 study SURPASS-CVOT (NCT04255433).
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