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astrointestinal hormones are currently used to treat type 2 diabetes mellitus (T2D). Incretin preparations with gastric inhibitory
polypeptide (GIP) activity or glucagon-like peptide-1 (GLP-1) provide new means for controlling blood glucose levels, body weight,
and lipid metabolism. GIP, an incretin, has not been used due to lack of promising action against diabetes. However, recent studies
have shown that GIP has an important effect on glucagon and insulin secretion under normoglycaemic conditions. Co-existence of GIP with
GLP-1 and glucagon signalling leads to a stronger effect than that of GLP-1 stimulation alone. The development of a GIP/GLP-1R unimolecular
dual agonist with affinity for both GIP and GLP-1 receptors is under investigation, and the drug is expected to be clinically available in the
near future. Tirzepatide, a GIP/GLP-1R unimolecular dual agonist, regulates metabolism via both peripheral organs and the central nervous
system. The SURPASS phase III clinical trials conducted for tirzepatide comprise 10 clinical trials, including five global trials and the global
SURPASS-CVOT trial, with >13,000 patients with T2D (ClinicalTrials.gov Identifier: NCT04255433). The clinical application of tirzepatide as a
therapy for T2D may provide new insights into diabetic conditions and help clarify the role of GIP in its pathogenesis.
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Nutrient-stimulated gastric inhibitory polypeptide (GIP) (known as either gastric inhibitory
polypeptide or glucose-dependent insulinotropic polypeptide) or glucagon-like peptide
(GLP-1), are secreted by K and L cells, respectively, in the upper segment of the small intestine
and throughout the intestine.
For the past 10 years, GLP-1 receptor agonists, which are mimetic of incretins, have been used
for the treatment of type 2 diabetes mellitus (T2D). GIP as a drug has not been developed due
to lack of promising action against diabetes.1,2 After the discovery of its amino acid sequence in
1971, GIP was found to promote insulin secretion in a glucose-dependent manner. By cloning
the GIP cDNA, the structure of prepro-GIP was successfully revealed.3 GIP mRNA expression in
the upper segment of the small intestine and localization of its gene in the chromosome was
demonstrated.4 GIP is shown to be related to high-fat diet-induced obesity.5
Functional analysis of GIP reports its potential effect on glucagon and insulin secretion under
normoglycaemic conditions.6 It also has positive effects on lipid metabolism, bone metabolism
and the central nervous system (CNS). Moreover, the effect of GIP, GLP-1 and glucagon signalling
together is stronger compared to GLP-1 alone. Succeeding this work, a unimolecular dual agonist
of GIP and GLP-1 is under development and will be available in the near future as anticipated.
Treatments that regulate metabolism, particularly gastrointestinal hormones, are becoming
increasingly common; for example, GIP plus glucagon or a triagonist comprising GIP, GLP-1 and
glucagon is also being developed for patients with obesity, diabetes or dyslipidaemia. Herein, we
review GIP activation based on in vivo studies, focusing on the physiological role of cooperative
GIP, and SURPASS, which include 10 clinical studies of tirzepatide–GIP/GLP-1 dual agonist.
Based on the treatment outcomes with GIP/GLP-1 dual agonist, we might explore other
combinations, such as a triagonist–GLP/GIP/glucagon or other dual agonists involving glucagon,
which are currently under development.

Gastrointestinal hormones, incretin, GIP and GLP-1
Nutrients in the digestive tract stimulate the secretion of gastrointestinal hormones and activate
metabolic function.1,7,8 Subsequently, this influences immunity and is involved in communication
among organs.
Gastrointestinal hormones - especially GIP and GLP-1 - both gut-induced incretins, are
secreted in response to nutrient ingestion, which stimulates the pancreatic β-cells to increase
insulin secretion in a glucose-dependent manner; thus, exhibiting insulinotropic effects.7,8
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Figure 1: GIP and GLP-1 secretion acting on receptors in various organs10–14

Secretion and receptor localization of GIP and GLP-1

Incretin action on various organs
GIP

Brain

GLP-1

Cerebroprotection

Satiety

Fat accumulation

Lipolysis

K-cells
L-cells

Lung

Fat

Lung protection
Heart

Cardio protection

Bone
Bone formation
Nutrients

α cell • β cell

Natriuresis
Renal protection

Kidney
β cell • Acinar cells

Glucagon suppression
Insulin secretion

Glucagon secretion
Insulin secretion

Gastrointestinal tract

Gastric emptying
GI motility ↓

secretion
GIP

secretion
GLP-1

GIP (secreted by K-cells in the upper segment of the small intestine) and GLP-1 (secreted by L-cells throughout the intestine) in response to nutrient ingestion act on GIPRs and
GLP-1Rs expressed in various organs.
GI = gastrointestinal; GIP = gastric inhibitory polypeptide; GIPR = GIP receptor; GLP-1 = glucagon-like peptide; GLP-1R = GLP-1 receptor.

GIP and GLP-1 are occasionally secreted by the same cell, also referred
to as K/L or L/K cells (Figure 1).7–14 The influence of GIP and GLP-1 on
the pancreatic α-cell function is inverse. GIP stimulates the α-cells to
promote glucagon secretion, while GLP-1 reduces it.10,15 Elevation of
glucagon is associated with T2D.16 Therefore, suppression of glucagon
activity using a GLP-1 receptor (GLP-1R) agonist has been developed for
treatment of T2D.17 The use of gastrointestinal hormones, particularly
GLP-1 and GIP, includes incretin preparations such as a novel GLP-1R
agonist or a GIP/GLP-1 dual agonist, which is anticipated to provide new
means for controlling T2D and body weight.18–20

GLP-1R activity
GLP-1R, a member of the class B family of G protein-coupled receptors,
is found in various organs.10 It is expressed mainly in pancreatic β-cells,
various gut-cells, and also in the peripheral nervous system and CNS
cells (Figure 1).20,21
Signal transduction occurs after GLP-1R agonists bind to GLP-1Rs,
mirroring a GLP-1 bioactivity effect favourable for patients with T2D, where
this incretin therapy lowers blood glucose levels by stimulating insulin
secretion from β-cells. This therapy is effective when there is no complete
loss of β-cell function.10 Additionally, there is suppression of appetite
induced through the CNS, leading to body weight reduction. Since GLP1R is expressed in the cells of various organs including pancreatic β-cells,
GLP-1R agonists manifest favourable effects during its circulation.22
Some low molecular weight GLP-1R agonists can act on GLP-1R in the
arcuate nucleus of the hypothalamus, crossing the blood-brain barrier,
thereby regulating nerve cells.23 In patients prescribed with a GLP-1R
agonist as a personalized medicine (that could also reduce the body
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Figure 2: Function of GIP in insulin and glucagon
secretion31–35
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weight), longer adherence to such therapy with improved satisfaction
is anticipated as the patient has chosen a therapy more suitable to
their needs.

GIP-R activity
GIP is an incretin secreted by the K cells in the upper segment of the small
bowel in response to nutrient supply (Figure 1).24 Following GIP release from
the gut endocrine K cells, rapid inactivation occurs by dipeptidyl peptidase-4
(DPP-4) through cleavage into non-insulinotropic truncated forms.25–27
The postprandial level of GIP under normal physiological conditions is
approximately four times that of GLP-1.13 GIP receptors (GIPRs) are present
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Figure 3: Gut activity in patients with T2D undergoing DPP-4 inhibitor therapy, GLP-1R agonist therapy or GIP/GLP-1R dual
agonist therapy64,66
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Figure designed by the authors, with reference to Coskun et al. (2018)66 and Pelle et al. (2022).64
A. DPP4i’s enhance GIP and GLP-1 which are physiologically derived in the gut in response to oral nutrient intake, thus acting similarly to dual agonists. B. GLP-1R agonists
provide mono therapy. C. Tirzepatide, a GIP/GLP-1R dual agonist, relies on the pharmacological levels of GLP-1 and GIP. Residues originated from GIP (blue), GLP-1/exendin-4
(red), and GLP-1 (navy); unique residues are in yellow.
C20 diacid-γ-Glu-(AEEA)2 = C20-diacid-γ (gamma) -glutamate-(aminoethylethanolamine)2; DPP4i = dipeptidyl peptidase-4 inhibitor; GIP = gastric inhibitory polypeptide;
GLP-1 = glucagon-like peptide-1; GLP-1R = glucagon-like peptide-receptor 1; NH2 = amino group.

in the β-cells. Additionally, GIPRs are abundantly expressed in adipocytes,
the CNS and bones, causing an effect on the adipose tissue, the CNS, and
bones (Figure 1).22,28–30
In healthy people, GIP induces nutrient-stimulated insulin and glucagon
secretion in a glucose-dependent manner.14,27 The stimuli that induce
insulin secretion in response to a 50 g oral glucose load are glucose
alone (33%), GIP (44%) and GLP-1 (22%).25,31 GIP has an augmented effect
on insulin secretion, unlike GLP-1, and plays an important role in glucose
metabolism in humans.31 Moreover, GIP accompanied with insulin or
GLP-1 signalling, leads to a reduction in blood glucose levels and body
weight. Thus, GIP promotes insulin secretion in healthy individuals,
however this effect is not observed in patients with T2D (Figure 2).31–35
Unlike GLP-1, GIP failed to stimulate glucagon secretion during
hyperglycaemia.33 Alternatively, stimulated glucagon secretion via
GIP does occur during hypoglycaemic conditions accompanied by
glucagonotropic enhanced activity.15, 29, 30
The physiological significance of GIP-stimulated glucagon
secretion remains unexplored. In contrast, in patients with T2D,
glucose-dependency of GIP-stimulated glucagon secretion, such as
in healthy people, does not remain (Figure 2).32 Elimination of GIPR
activity in β-cells demonstrated a characteristic of T2D, associated with
reduced postprandial insulin secretion and hyperglycaemia (Figure 2).
Glucagon secretion by stimulation of GIP, even occurring during
hyperglycaemia (Figure 2), suggests unfortunate GIPR activity in α-cells,
which contributes to the pathogenesis of T2D.35 GIP is potentially
responsible for the facilitation of glucose-induced β-cell proliferation, in
addition to a reduction in α-cell expansion.
GIP positively impacts energy storage by controlling fat metabolism
and lipid storage through increased blood flow in adipose tissue and
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triglyceride uptake; it also accumulates fat via the CNS in humans
(Figure 1).36,37 GIP plays an important role in the regulation of food intake,
lipoprotein lipase activity and fat decomposition during carbohydrate/fat
degradation in adipose tissue; it produces a direct lipolytic effect during
hyperglycaemia and low levels of insulin.38
Elimination of GIPR activity by various mechanisms, including genetic
ablation blockage, GIPR antagonist or neutralization of GIPR, has a
favourable effect on glucose tolerance and obesity.39–42 GIPR antagonists
have been developed as treatments for T2D and obesity.43 Additionally,
enhancement of GIP activity, using agonists of GIPR or chronic elevation
of GIP levels causing weight loss when coexisting with GLP-1 receptor
activation, are useful treating obesity and T2D, leading to improved insulin
secretion, glycaemic control, and an accompanying amelioration of β-cell
function.43–47 Further studies on clinical use of tirzepatide associated with
GIPR activity will provide a platform for unravelling the pathogenesis and
understanding GIPR activity in α-cells and regulation of glucagon secretion.
GIP-based pharmacotherapy, which relies on CNS–GIPR signalling, is
of importance, particularly in systemic metabolic control.28,29 Apoptosis
inhibition and osteoblast proliferation are also stimulated by GIP,
resulting in bone formation and remodelling.30

Protective effect of incretin on various organs
Any long-acting GLP-1R agonist exhibits the same anti-inflammatory
effects as natural GLP-1, and is therefore demonstrated to protect
organs such as the heart, kidneys and others (Figure 1).48–52 GLP-1
and other intestinal hormones are known to drive natriuresis via the
gut-kidney axis.53–55 Onset of apparent albuminuria in high-risk patients
with T2D having cerebro-cardiovascular disease complications was
significantly reduced by long-acting GLP-1R agonist administration.49,54,55
The reduction in cerebrovascular events was significantly noted among
Asian patients.56 GIP has also been shown to reduce pro-inflammatory
cytokine expression, thereby reducing the inflammatory response in the
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Figure 4: Results from the SURPASS clinical trials70–74
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Table 1: SURPASS phase III clinical trials for patients with T2D70–80
Study acronym

Study type

Number of

Eligibility

Comparator

Study duration

participants
Randomized

SURPASS-170

Primary outcome

(weeks)

478

Drug-naïve

Placebo

40

HbA1c

1,879

Metformin

Semaglutide

40

HbA1c

1,947

Metformin

Insulin degludec

52

HbA1c

Insulin glargine

52

HbA1c

Placebo

40

HbA1c

Insulin lispro

52

HbA1c

Drug-naïve or monotherapy

Dulaglutide

52

HbA1c

(discontinued before baseline);

0.75 mg
52

Number of

double-blind
Randomized

SURPASS-271

open-label
Randomized

SURPASS-372

open-label
Randomized

SURPASS-473

w/wo sGLT2i
2,002

1–3 antidiabetic medicines

open-label

(metformin, SGLTi or sulfonylurea)
with cardiovascular risk

Randomized

SURPASS-5

74

475

Insulin glargine (U100)

double-blind
Randomized

SURPASS-676

w/wo metformin
1,182

Insulin glargine (U100)

open-label
Randomized

SURPASS J-mono77

w/wo metformin
636

double-blind

Japanese
Randomized

SURPASS J-combo

78

443

Non-incretin-based monotherapy;

open-label
SURPASS-AP-Combo

79

Randomized

917

Randomized

participants with SAEs

Metformin

open-label
SURPASS-CVOT80

N/A

Japanese
Insulin glargine

40

HbA1c

Dulaglutide 1.5 mg

Event driven

Time to MASE-3

w/wo sulfonylurea; Asian
12,500

Atherosclerotic cardiovascular

double-blind

disease and overweight

HbA1c = glycated haemoglobin A1C; MASE-3 = death from cardiovascular causes, myocardial Infarction or stroke; SAEs = serious adverse event(s); SGLTI = sodium-glucose
cotransporter 2 inhibitor; N/A = not available; w/wo = with or without.

Table 2: Baseline characters and result21,70–74,76–84
Study acronym

Age, years (SD) HbA1c, % (SD)

BMI, kg/m2

Fasting blood

(SD)

glucose,

eGFR (SD)

7.9 (0.9)

31.9 (6.6)

154.8 (40.3)

Other features

Outcome

White: 35.6%;

Superiority

duration,
years (SD)

mg/dL (SD)
54.1 (11.9)

SURPASS-121,70

Diabetic

94.1 (19.7)

4.7 (5.4)

≤8.5%: 79.0%

Native American

>8.5%: 21.0%

or Native
Alaskan: 24.7%;
Asian 35.0%

56.6 (10.4)

SURPASS-2

71,81

8.9 (1.0)

34.2 (6.9)

172.9 (51.46)

96.0 (17.1)

8.6 (6.46)

White 82.6%

Superiority

≤8.5%: 63.5%
>8.5%: 36.5%
SURPASS-3

57.4 (10.0)

8.2 (0.9)

33.5 (6.1)

169.3 (45.9)

94.1 (17.0)

8.4 (6.2)

White 91.0%

Superiority

SURPASS-473,83

63.6 (8.6)

8.5 (0.9)

32.6 (5.5)

171.2 (50.8)

81.3 (21.1)

10.5

History of

Superiority

(6.2-15.9)

cardiovascular

72,82

disease
87.0%
SURPASS-5

60.6 (9.9)

SURPASS-676

Expected read out: August 2022 (information not yet available)

SURPASS J-mono77

Actual study completion date: 31 March 2021 (information not yet available)

74,84

57.0 (10.8)

SURPASS J-combo78

8.3 (0.9)

8.6 (1.1)

33.4

162.5

N/A

Actual study completion date: 24 November 2021 (information not yet available)

SURPASS-CVOT

Expected read out: 2024 (information not yet available)

80

White: 80.0%

Superiority

Actual study completion date: 16 February 2021 (information not yet available)

SURPASS-AP-Combo

79

13.3

SD was not provided for all trials, but has been included above where available.
BMI = body mass index; eGFR = estimated glomerular filtration rate; HbA1c = glycated haemoglobin A1C; N/A = not available; SD = standard deviation.
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brain. The beneficial effects of GIP on neurodegenerative diseases are
well documented.57 Pharmacological concentrations of GIP agonists are
more likely to provide protective effects against atherosclerosis in both
patients with diabetic and non-diabetic conditions.
In patients with T2D, the incidence of heart failure significantly increases
due to ischaemic heart disease and also separately due to the diabetic
condition itself.58,59 Obesity, which is closely linked to T2D, is also often
associated with heart failure.60,61 It is expected that anti-diabetic drugs
cause weight reduction, better glycaemic control and improvement in
macrovascular outcomes such as cerebral cardiovascular risk factors, in
addition to microvascular outcomes.62,63
Since evidence suggests that GLP-1R agonists’ have a protective effect
on various organs (Figure 1), the use of a GIP/GLP-1 dual agonist is
under clinical investigation to prevent the aggravation of diabetic
complications.50,54,55

GIP and GLP-1 synergistic activation
In patients with T2D, GIP-stimulated glucagon secretion observed in
healthy participants is not maintained.34,64 However, the coexistence of
GIP and GLP-1 in patients with T2D produces glucagon concentrations
akin to control conditions.65 DPP-4 inhibitors enhance GIP and
GLP-1, which are physiologically derived in the gut in response to oral
nutrient intake, thus acting similarly to the coexistence of GIP and GLP-1
(Figure 3).64,66
In patients with T2D, physiological secretion of GIP or GLP-1 decreases,
thus reducing insulin secretion, compared to that in healthy
participants.28 Notably, DPP-4 inhibitors enhance GLP-1 or GIP level
in patients with T2D. However, in patients with T2D, GIP/GLP-1R dual
agonists provide pharmacological concentration levels of GLP-1 and
GIP, adding a synergistic effect and producing robust stimulation of
insulin secretion.
Pharmacological activation of GIPRs is anticipated to produce
therapeutic effects regarding energy metabolism in peripheral tissues,
whereas the chronic use of long-acting GIPR agonists did not reduce body
weight.44–46 Synergistic activation of GIP/GLP-1R produced higher
therapeutic efficacy for T2D, leading to a greater body weight reduction,
compared with GIP or GLP-1 alone.43 Reinforced suppression of calorie
intake, accompanied by a gradual increase in energy consumption,
produces a reduction in body weight. Evidence suggests that
GIP/GLP-1 synergism occurs in the CNS and reduces body weight,
independent of insulin sensitivity and fat metabolism.29 Compared to
a GLP-1R agonist alone, a GIPR/GLP-1R unimolecular dual agonist has
also shown restorative and neuroprotective properties.67
Regarding the effects of increased antidiabetic action and decreased
body weight by dual stimulation of GIP and GLP-1R, more than either
GIP or GLP-1 alone, one of the reasons that might be postulated
for this synergism is that GIP signals mediate insulinotropic and
glucagonotropic effects through the brain or fat. Nevertheless, further
research is needed concerning the links between the gut, brain and
blood glucose levels which employ gastrointestinal hormones including
dual, tri or more synergistic stimulations. Therefore, tirzepatide has the
potential to be a key that unlocks the door to this conundrum. While
many people have suggested that in vitro research has such potential,
in fact the direct administration of tirzepatide in humans lends itself
to a more timely revealing of the facts behind the system of blood
glucose maintenance.21,31,43,68–74
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GIP/GLP-1R unimolecular dual agonist,
tirzepatide
The GIP/GLP-1R unimolecular dual agonist, tirzepatide, is a
multifunctional peptide based on the native GIP peptide sequence,
designed to bind both the receptors. The synergistic effect of GIP and
GLP-1 on food intake and increasing energy expenditure results in body
weight reduction.20,39 Tirzepatide structurally comprises a peptide of
39 amino acids (molecular weight: 4810.52 Dalton) with the bioactive
sequence of GIP, and with a sequence acting on GLP-1 replacing its
intermediate amino acid.1–4,20,68 In comparison to native GLP-1 with
one-fifth affinity, tirzepatide has an affinity similar to that of native GIP.20
Tirzepatide’s once-weekly administration derives from its structure,
which is based on the GIP sequence and includes a C20 fatty di-acid
moiety, enabling it to bind to albumen and prolong its half-life of 5 days.68
Tirzepatide has exhibited robust results in glycaemic control and body
weight reduction compared to other alternatives.68 In my opinion, early
stage T2D results from the ‘misalignment of the metabolic orbits’ of
insulin, glucagon, intestinal hormones such as representative incretins,
and other factors in the CNS.68 Since conventional treatment of T2D is
not aimed at restoring original pancreatic β-cell function, but instead
‘exogenously replenishing’ the declining function, tirzepatide robust
effectiveness is due to the improvement of the misalignment of the
metabolic orbits as it might act as a critical factor of metabolic orbit. This
improvement in misalignment may be also possibly due to intervention
in GIP signalling with GLP-1 signalling.

SURPASS clinical trials
In the original phase II trial (A phase 2 study of once-weekly LY3298176
compared with placebo and dulaglutide in patients with type 2 diabetes
mellitus; ClinicalTrials.gov identifier: NCT03131687), patients with T2D
with diet and exercise therapy alone or those undergoing metformin
therapy, and a BMI of 23–50 kg/m2, were randomly assigned to receive
either once-weekly tiazepatide (1 mg, 5 mg, 10 mg or 15 mg), dulaglutide
(1.5 mg), or placebo for 26 weeks.69,75 Based on the primary efficacy
outcome from this study - that is, change in glycated haemoglobin A1C
(HbA1c) from baseline to 26 weeks - the SURPASS clinical phase III trials
(A phase of tirzepatide [LY3298176] in participants with type 2 diabetes
not controlled with diet and exercise alone (SURPASS-1); ClinicalTrials.
gov identifier: NCT03954834; A study of tirzepatide [LY3298176]
versus semaglutide once weekly as add-on therapy to metformin
in participants with type 2 diabetes [SURPASS-2]; ClinicalTrials.gov
identifier: NCT03987919; A study of tirzepatide (LY3298176) versus insulin
degludec in participants with type 2 diabetes [SURPASS-3]; ClinicalTrials.
gov identifier: NCT03882970; A study of tirzepatide (LY3298176)
once a week versus insulin glargine once a day in participants with
type 2 diabetes and increased cardiovascular risk [SURPASS-4]
ClinicalTrials.gov identifier: NCT03730662) employed 3 dosages.69–73
Global phase III clinical trials conducted to evaluate the efficacy and
safety of weekly tirzepatide included anti-hyperglycaemic therapynaive patients and patients on various oral anti-hyperglycaemic drugs,
including metformin, sulfonylurea, pioglitazone, SGLT2 inhibitor and/or
insulin compared with placebo, basal insulins, or the conventional GLP-1R
agonist (Tables 1 and 2, Figure 4).21,70–74,76–84 Tirzepatide demonstrated robust
glycaemic control (Figure 4) and body weight reduction compared to the
controls, which included the conventional GLP-1R agonist semaglutide.
In particular, in the SURPASS-1 trial, tirzepatide was reported to be a
curative drug in patients with early stage T2D. In all studies, over 90%
of the patients taking tirzepatide achieved HbA1c levels <7%; between
40% and 52% of patients achieved HbA1c levels <5.7% (Figure 4).70–74
Weight reduction ranged from 6.2–12.9 kg (6.6–13.9%) depending on
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Figure 5: Change from baseline in body weight in SURPPASS21,70–74,81–84
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Table 3: Other clinical trials with tirzepatide86–88
Study acronym

Study type

Number of

Eligibility

Comparator

enrolments
Estimated 700

≥40 years old,

Phase III

(NCT04847557)86

randomized

stable heart failure (NYHA

double-blind

class II-IV) and LVEF ≥50%

Phase III

(NCT04184622)

87

2,539

Primary outcome

(weeks)

SUMMIT

SURMOUNT-1

Study duration

BMI ≥30 kg/m2, or BMI

completion

Placebo

52

Efficacy and safety

November 2023

Placebo

72

Weight decrease in

May 2024

randomized

≥27 kg/m2 with related

people with diabetes

double-blind

comorbidities

and obesity

SYNERGY-NASH

Phase II

(NCT04166773)88

randomized

Estimated 196

BMI ≥27 kg/m and NASH
2

stage 2 or 3 fibrosis

double-blind

Estimated

Placebo

52

Absence of NASH,

December 2023

with no worsening
of fibrosis on liver
histology

BMI = body mass index; LVEF = left ventricular ejection fraction; NASH = non-alcoholic steatohepatitis; NYHA = New York Heart Association.

the dose (Figure 5); in addition, this weight reduction did not bottom
out at 40 weeks.21,70–74,81–84 Weight loss of 15% or more was observed in
13–27% of patients.70–74
It has been reported that post-bariatric surgery decreases in body weight
were -45.0 kg at 2 years, -36.3 kg at 6 years and -35.0 kg at 12 years, while
the decreases in those not undergoing the surgery were -2.9 kg at 2
years and 0 kg at 12 years. However, surgery for severe obesity generally
brings a high level of risk. Firstly, two-step treatment, such as GIP/GLP1R agonist treatment following bariatric surgery would provide a more
effective outcome than each therapy undertaken alone. Tirzepatide
treatment has also been studied in clinical trials for cardiovascular (CV)
outcomes (Tables 1 and 2). The full list of SURPASS trials is as follows:
• SURPASS-1 (ClinicalTrials.gov identifier: NCT03954834): assesses
efficacy, safety, and tolerability of tirzepatide monotherapy versus
placebo in patients with T2D with diet and exercise alone.70
• SURPASS-2 (ClinicalTrials.gov identifier: NCT03987919): assesses
efficacy and safety of tirzepatide versus semaglutide (1 mg) weekly
as add-on therapy to metformin in patients with T2D.71
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• SURPASS-3 (ClinicalTrials.gov identifier: NCT03882970): assesses
efficacy and safety of tirzepatide versus insulin degludec in patients
with T2D prescribed metformin with or without SGLT2 inhibitors.72
• SURPASS-4 (ClinicalTrials.gov identifier: NCT03730662): assesses the
efficacy and safety of tirzepatide versus insulin glargine in patients
with T2D with high CV risk (87% of participants had previous events)
on oral anti-hyperglycaemic medications.73
• SURPASS-5 (A study of tirzepatide (LY3298176) versus placebo in
participants with type 2 diabetes inadequately controlled on insulin
glargine with or without metformin; ClinicalTrials.gov identifier:
NCT04039503): assesses the efficacy and safety of the addition of
tirzepatide versus placebo in patients with T2D prescribed insulin
glargine with or without metformin.74
• SURPASS-6 (A study of tirzepatide (LY3298176) versus insulin
lispro (U100) in participants with type 2 diabetes inadequately
controlled on insulin glargine (U100) with or without metformin;
ClinicalTrials.gov identifier: NCT04537923): assesses the effect
of the addition of tirzepatide weekly versus insulin lispro (U100)
three times daily in patients with T2D prescribed insulin glargine
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Figure 6: Mild-to-moderate adverse events in SURPASS70–74
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Graphs above constructed from the clinical trial data from SURPASS 1–5.70–74

(U100) with or without metformin. This study has an anticipated
read-out in 2022.76
• SURPASS J-mono (A study of tirzepatide (LY3298176)
compared to dulaglutide in participants with type 2 diabetes;
ClinicalTrials.gov identifier: NCT03861052): assesses the efficacy
and safety of tirzepatide monotherapy versus dulaglutide (0.75 mg)
weekly in patients with T2D for drug approval in Japan.77
• SURPASS J-combo (A long-term safety study of tirzepatide
(LY3298176) in participants with type 2 diabetes; ClinicalTrials.gov
identifier: NCT03861039): assesses the long-term safety of tirzepatide
in combination with monotherapy of oral antihyperglycemic
medications in patients with T2D for drug approval in Japan.78
• SURPASS-AP-Combo (A study of tirzepatide (LY3298176) in
participants with type 2 diabetes on metformin with or without
sulfonylurea; ClinicalTrials.gov identifier: NCT04093752): assesses
the efficacy of tirzepatide versus insulin glargine in Asian patients
with T2D prescribed metformin with or without a sulfonylurea.79

Clinical trials for cardiovascular outcomes
Regulatory submission requirements for the evaluation of the
cardiovascular risk hazard ratio of 0.81 collected from pooled SURPASS
data regarding four-component major adverse cardiac event (MACE4) events (cardiovascular death, myocardial infarction, stroke and
hospitalized unstable angina) were met by the SURPASS program.85 Most
MACE-4 events that were recognised were seen in SURPASS-4, suggesting
a hazard ratio of 0.74 (95% CI, 0.51–1.08) (p=0.123).83
The global SURPASS-CVOT (A study of tirzepatide (LY3298176) compared
with dulaglutide on major cardiovascular events in participants with type
2 diabetes; ClinicalTrials.gov Identifier: NCT04255433) assesses the noninferiority and superiority of tirzepatide against dulaglutide (1.5 mg dose
weekly) with a confirmed cardio-protective effect.80 Patients with T2D and
increased CV risk were enrolled.80 This trial was started in June 2020, with
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an expected read-out in 2024. The phase III SUMMIT study (A study of
tirzepatide (LY3298176) in participants with heart failure with preserved
ejection fraction and obesity; ClinicalTrials.gov identifier: NCT04847557)
was initiated in 2021 (Table 3).86–88 The main purpose of this study is to
assess the efficacy and safety of tirzepatide in participants suffering from
heart failure with preserved ejection fraction and obesity.

Other tirzepatide trials
The other trials into tirzepatide are as follows (Table 3):
• SUMMIT (ClinicalTrials.gov Identifier: NCT04847557): a phase III trial
comparing the efficacy and safety of tirzepatide versus placebo
in patients with heart failure with preserved ejection fraction, as
described above.86
• SURMOUNT-1 (A study of tirzepatide (LY3298176) in participants with
obesity or overweight; ClinicalTrials.gov Identifier: NCT04184622): a
phase III trial evaluating the efficacy of tirzepatide in reducing weight
in obese subjects without T2D at 72 weeks. Eligible participants were
those with either a BMI ≥30 kg/m², or ≥27 kg/m² plus one or more of
the following: hypertension, dyslipidemia, obstructive sleep apnea or
cardiovascular disease.87
• SYNERGY-NASH
(ClinicalTrials.gov
Identifier:
NCT04166773):
a phase II trial for the efficacy and safety of tirzepatide in
participants with non-alcoholic steatohepatitis (NASH). The
primary outcome is the proportion of the participants with an
absence of NASH at 52 weeks with no worsening of fibrosis in
liver pathology. Eligible participants were those with a BMI ≥27 kg/
m² and ≤50 kg/m², with or without T2D and having a histologic
diagnosis of NASH with stage 2 or 3 fibrosis following liver biopsy.88

Safety profile
There are no specific signs in a serious adverse event.
Mild-to-moderate adverse effects (including nausea, vomiting and
diarrhoea) occurred frequently during the dose-escalation period
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across all doses of tirzepatide in the SURPASS studies (Figure 6).70–74
Mild-to-moderate gastrointestinal adverse effects (including nausea,
appetite loss, diarrhoea and constipation) were similar to those observed
with conventional incretin preparations (including semaglutide), but
were more frequent with tirzepatide than with semaglutide.70–74 This was
transient, as the trial drug was discontinued in 3–11% of the patients.
When tirzepatide was not combined with sulfonylurea or insulin, the
occurrence of hypoglycaemia remained low.70–74

Conclusion
Tirzepatide, a dual GIP/GLP-1R agonist, demonstrated robust
reductions in glycaemic control and body weight for the patients in the
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