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ABSTRACT

Tirzepatide is a first-in-class GIP/GLP-1 receptor
agonist (‘twincretin’)—a single molecule that
acts as an agonist at both glucagon-like pep-
tide 1 (GLP-1) and glucose-dependent insulino-
tropic polypeptide (GIP) receptors. In the
SURPASS clinical trial program in type 2

diabetes mellitus (T2D), tirzepatide was associ-
ated with unprecedented reductions in HbA1c,
clinically significant weight loss and other
metabolic benefits, combined with low rates of
hypoglycaemia across a wide range of patient
characteristics. The safety and adverse event
rate for tirzepatide appears comparable to that
of GLP-1 receptor agonists. Although results
from dedicated cardiovascular (CV) and kidney
trials are currently not available, information to
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date suggests that tirzepatide may have CV and
kidney benefits in people with T2D. Tirzepatide
has been approved for the treatment of T2D in
the USA, United Arab Emirates, European
Union, Japan and Australia. Here, we review
how tirzepatide will fit into the T2D treatment
continuum. We also consider future directions
with tirzepatide in T2D, including its potential
for targeting cardio-renal-metabolic disease in
T2D, and discuss how tirzepatide—and other
co-agonists in development—may challenge
current approaches for management of T2D.

Keywords: Body weight/drug therapy; Cardio-
renal-metabolic disease; GIP/GLP-1 receptor
agonist; SURPASS clinical trials; Tirzepatide;
Twincretin; Type 2 diabetes/drug therapy

Key Summary Points

Tirzepatide—a first-in-class GIP/GLP-1
receptor agonist (‘twincretin’)—is a single
molecule that acts as an agonist at both
GLP-1 and GIP receptors.

Tirzepatide demonstrated substantial
clinical benefits across a range of
metabolic outcomes in a broad patient
population and when compared with a
range of therapies currently considered
best practice in T2D management.

A total of 43–62% of participants receiving
tirzepatide 15 mg in the SURPASS clinical
trials—even those with long-standing
T2D—achieved normoglycaemia
(HbA1c\5.7%), and 39–51% achieved
normoglycaemia together with clinically
significant weight loss (C 5%) without
hypoglycaemia. This challenges existing
treatment paradigms and targets, which
may need to be revised.

Determining the future potential for
tirzepatide in cardio-renal-metabolic
disease will depend on the outcomes of
dedicated cardiovascular outcomes and
kidney trials, but tirzepatide may offer
additional benefits beyond glycaemic
control for individuals at high risk for or
with established cardio-renal-metabolic
disease.

INTRODUCTION

Management of type 2 diabetes mellitus (T2D)
remains a major challenge worldwide [1, 2],
requiring a multifactorial approach to reduce
cardiovascular risk and prevent and address
metabolic comorbidities [3, 4].

The incretin hormones glucagon-like pep-
tide 1 (GLP-1) and glucose-dependent insulino-
tropic polypeptide (GIP) are released by the gut
in response to food intake [5]. In addition to
their insulinotropic effects, they have a number
of roles in tissues that express GLP-1 and/or GIP
receptors, including the pancreas, brain and
adipose tissue (Table S1, Supplementary
Appendix) [6]. However, the incretin response is
diminished in people with T2D [5, 6].

Tirzepatide is a first-in-class GIP/GLP-1
receptor agonist (‘twincretin’)—a single mole-
cule that acts as a co-agonist at both GLP-1 and
GIP receptors. The 39-amino acid peptide was
developed to add the metabolic actions of GIP
to the established clinical benefits of GLP-1
receptor agonism in T2D [7]. In the SURPASS
clinical trial program, tirzepatide alone or in
combination with other diabetes therapies was
associated with clinically significant reduction
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in HbA1c, weight loss, improvements in lipid
parameters and low rates of hypoglycaemia in
people with T2D of varying duration [8–12].
Tirzepatide has been approved for use in the
management of T2D by the US Food and Drug
Administration [13], the European Medicines
Agency [14] and the Australian Therapeutic
Goods Administration [15]. It is also currently
marketed in Japan and the United Arab
Emirates.

This review explores the potential future role
of tirzepatide in challenging current approaches
for management of T2D. The article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

TIRZEPATIDE IN T2D: SURPASS
CLINICAL TRIAL PROGRAM

Results from SURPASS-1–5 have been published
[8–12] and reviewed extensively elsewhere
[16–19], so are only briefly summarised here.
Further details of the SURPASS clinical trial
program, study designs and outcomes are pro-
vided in the Supplementary Appendix.

Study Designs

The wide range of background therapies and
study population characteristics at baseline in
SURPASS-1–5 reflect the continuum of T2D
disease (with mean disease duration ranging
from 4.7 to 13.3 years) and treatment (including
monotherapy, combination oral therapy and
insulin). Tirzepatide was compared with active
comparators (semaglutide 1 mg, basal insulins)
as well as with placebo (Table 1, Table S2 Sup-
plementary Appendix) [8–12]. In all phase 3
studies, tirzepatide was initiated at 2.5 mg sc
once weekly and escalated by 2.5-mg incre-

ments every 4 weeks until the target dose of 5,
10 or 15 mg sc per week was reached [8–12].

HbA1c

Marked reductions in HbA1c were achieved
with tirzepatide across the broad patient popu-
lations enrolled in SURPASS-1–5. HbA1c reduc-
tions with tirzepatide were dose dependent,
ranging from - 1.9% to - 2.6% (- 20 to
- 28 mmol/mol) and significantly greater than
those achieved by any of the comparators in the
studies (Fig. 1a) [8–12]. These reductions were
sustained in those participants continuing
therapy to week 104 in SURPASS-4 [11]. A sub-
stantial majority (81–97%) of participants
receiving tirzepatide 5, 10 or 15 mg achieved
HbA1c\ 7% (\53 mmol/mol). Moreover,
HbA1c\ 5.7% (\39 mmol/mol), a value within
the normal range for people without diabetes,
was achieved by 43–62% of participants receiv-
ing tirzepatide 15 mg (Fig. S1, Supplementary
Appendix) [8–12].

Body Weight

Significantly greater reductions in body weight
were observed with tirzepatide 5, 10 and 15 mg
than with all comparators in SURPASS-1–5
(Fig. 1b) [8–12]; weight loss occurred even when
tirzepatide was combined with therapies usually
associated with weight gain, such as insulin or
sulfonylureas [11, 12, 16]. Weight loss of[ 5%
was achieved by 77–88% of participants and
weight loss of [ 15% was achieved by 27–43%
of participants receiving tirzepatide 15 mg
(Fig. S2, Supplementary Appendix) [8–12].
Weight loss was accompanied by associated
reductions in waist circumference [8–12].

Composite Outcome

A post hoc analysis evaluated the proportion of
participants who achieved the triple endpoints
of glycaemic control, weight loss, and no clini-
cally significant or severe hypoglycaemia (de-
fined as blood glucose\ 3 mmol/L with
symptoms or severe hypoglycaemia requiring
assistance for treatment) [20]. Significantly
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more participants achieved the triple endpoint
of normoglycaemia (HbA1c\5.7%
[39 mmol/mol]), C 5% weight loss and no
hypoglycaemia with tirzepatide 15 mg
(39–51%) compared with placebo or active
comparators (1–15%) (Fig. 1c) [20, 21].

Kidney Outcomes

An exploratory analysis of the SURPASS-4 study
suggested tirzepatide may have kidney-protec-
tive effects [22]. Tirzepatide slowed the rate of
decline in estimated glomerular filtration rate
(eGFR) and reduced urinary albumin-to-crea-
tinine ratio (UACR) compared with insulin
glargine (UACR remained stable with tirzepa-
tide but increased with insulin glargine),
including in participants already receiving an
angiotensin-converting enzyme inhibitor,
angiotensin receptor blocker or sodium-glucose
cotransporter 2 inhibitor (SGLT2i); these effects
were within clinically meaningful ranges
(Fig. 2) [22].

The difference in kidney outcomes between
tirzepatide- and insulin glargine-treated partic-
ipants was generally consistent across all par-
ticipant groups but were more pronounced in
participants with reduced kidney function at
baseline [22]. In addition, achievement of a
renal composite end point of decline in eGFR
to C 40% from baseline, death due to kidney
disease or progression to end-stage kidney dis-
ease, and new-onset macroalbuminuria was
42% lower in study participants receiving tir-
zepatide compared with insulin glargine
(p = 0.0008). Although the favourable effect of
tirzepatide on this endpoint appeared to be
predominantly driven by a reduction in new
onset macroalbuminuria [22], it is worth noting
that the differences in changes in albuminuria
during the time course of the study were mainly
attributable to a progressive increase in the
insulin glargine group whereas levels remained
relatively stable in the tirzepatide-treated group.

Lipid Profile

Tirzepatide was associated with dose-dependent
favourable effects on lipid profile, including
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reductions in triglycerides and very-low-density
lipoprotein cholesterol (VLDL-C), and increases
in high-density lipoprotein cholesterol (HDL-C)
in SURPASS-1–5 [8–12]. In SURPASS-4, tirzepa-
tide 5, 10 and 15 mg reduced triglycerides, low-
density lipoprotein cholesterol (LDL-C) and
total cholesterol, and increased HDL-C, com-
pared with baseline and the active comparator

in the high CV risk population (82% on lipid-
lowering therapy at baseline, which was con-
tinued throughout the study) [11]. In SURPASS-
2, reductions in triglycerides and VLDL-C with
tirzepatide (all doses) exceeded those seen with
semaglutide 1 mg [9].

2002 Diabetes Ther (2023) 14:1997–2014



Insulin Use

In SURPASS-5, participants on tirzepatide
required significantly less background basal
insulin than those on placebo (p\0.001, all
doses). By the end of the study, mean daily
insulin dose decreased from baseline by 3.8 U
(- 11.4%) in participants receiving insulin
glargine plus tirzepatide 15 mg but increased by
25.1 U (75%) in those receiving insulin glargine
plus placebo [12]. (Participants self-adjusted
background daily insulin glargine dose on the
basis of self-monitored blood glucose using a
treat-to-target algorithm.)

Tolerability

The most common adverse events with tirze-
patide were similar to those seen with GLP-1
receptor agonists (GLP-1RA), namely gastroin-
testinal (GI) events such as nausea, diarrhoea
and vomiting [8–12, 16]. These were mostly
mild-to-moderate in severity and transient,
occurring more frequently during the dose
escalation phase of each study (Fig. S3, Supple-
mentary Appendix). Severe diarrhoea and severe
vomiting were uncommon with tirzepatide,
affecting 0.31% and 0.25% of participants,
respectively [8–10, 12]. In SURPASS-2, the rates
of all reported GI side effects—including nau-
sea, diarrhoea, vomiting, dyspepsia, decreased
appetite, constipation and abdominal pain—
occurring with tirzepatide (40–44.9%) were
generally comparable to those seen with
semaglutide (41.2%) [9].

Hypoglycaemia

The incidence of hypoglycaemia (blood glu-
cose\3 mmol/L) or severe hypoglycaemia (re-
quiring assistance for treatment) with
tirzepatide was generally low across SURPASS-
1–5 [8–12]. Risk increased with concomitant
sulfonylurea or insulin use; for example among
tirzepatide-treated participants in SURPASS-4,
hypoglycaemia was reported by 10–14% of
those using SU at baseline compared with 1–3%
of those not using an SU [11].

Cardiovascular Safety

There was no increased CV risk with tirzepatide
compared with insulin glargine in the SURPASS-
4 study, which enrolled participants with high
CV risk [11]. Additionally, tirzepatide did not
increase the risk of CV events versus controls
(active comparator or placebo) in a prespecified
CV safety meta-analysis of 7215 clinical trial
participants: hazard ratio for major adverse
cardiovascular events (MACE-4; cardiovascular
death, myocardial infarction, stroke or hospi-
talisation for unstable angina) 0.80 (95% CI
0.57–1.11) (Fig. S4, Supplementary Appendix)
[23]. The median duration of follow-up for this

bFig. 1 HbA1c, body weight and combined endpoint data
from SURPASS-1–5 [8–12]. Data are estimated mean
(SE) or percentage from the efficacy analysis set of the
modified intent-to-treat population. A HbA1c change
from baseline (primary efficacy endpoint) [8–12]. B Body
weight change from baseline [8–12]. Figures A and B re-
produced from Diabetes Obes Metab. De Block et al. 2022
[16]. �2022 Eli Lilly and Company and The Authors.
Diabetes, Obesity and Metabolism published by John
Wiley & Sons Ltd. Reprinted with permission from John
Wiley & Sons Ltd. This is an open-access article under the
terms of the Creative Commons Attribution-NonCom-
mercial-NoDerivs License. C Proportion of participants
achieving a composite of HbA1c\ 5.7% (39 mmol/mol)
and C 5% weight loss, without clinically significant or
severe hypoglycaemia in SURPASS-1–5; Fig. C reproduced
from Lingvay I et al. 2023 [20]. �2022 Eli Lilly and
Company. Diabetes, Obesity and Metabolism published by
John Wiley & Sons Ltd. This is an open access article
under the terms of the Creative Commons Attribution-
NonCommercial-NoDerivs License. Figure c has also been
adapted from 718-P: Patients Achieving an HbA1c\
5.7% with = 5% Weight Loss and without Hypo-
glycemia: A Post Hoc Analysis of SURPASS 1 to 5,
American Diabetes Association, 2022 [21]. Copyright and
all rights reserved. Material from this publication has been
used with the permission of American Diabetes Associa-
tion. *p\ 0.001 superiority vs comparator [8–12];
**p\ 0.001 vs comparator [21]; �p\ 0.05 vs comparator.
Met metformin, SGLT2i sodium-glucose cotransporter 2
inhibitor, SU sulfonylurea
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analysis was 55 weeks; longer follow-up may
have been needed to demonstrate benefit.

Systolic and diastolic blood pressures were
reduced with tirzepatide in all SURPASS trials in
a dose-dependent manner [8–12]. As seen with
GLP-1RA clinical trials, small increases in pulse
rate occurred in the SURPASS studies [8–12, 24];
mean pulse rates did not differ significantly

between the tirzepatide- and semaglutide-trea-
ted groups in SURPASS-2 [9].

The ongoing CV outcomes trial, SURPASS-
CVOT, will compare tirzepatide with dulaglu-
tide (a GLP-1RA with established cardiovascular
protection [25, 26]) in approximately 12,500
participants with T2D and atherosclerotic CV
disease. The study started recruiting in May
2020 and completion is anticipated in October

Fig. 2 Rate of eGFR decline and change in UACR in
SURPASS-4. Changes in kidney function between baseline
and end of treatment for the tirzepatide (pooled doses)
versus insulin glargine groups in SURPASS-4 [22]. A Rate
of decline in eGFR (mL/min/1.73 m2) per year. Mean
baseline eGFR 81.3 mL/min/1.73 m2. B Percentage
change in UACR from baseline median baseline UACR

15.0 mg/g, median treatment duration 85 weeks. ACEi
angiotensin-converting enzyme inhibitors, ARB angioten-
sin receptor blocker, eGFR estimated glomerular filtration
rate, SGLT-2i sodium-glucose co-transporter 2 inhibitor,
UACR urinary albumin-to-creatinine ratio. Created using
data from Heerspink et al. [22]

2004 Diabetes Ther (2023) 14:1997–2014



2024 (maximum treatment duration approxi-
mately 54 months) [27].

Adverse Events of Special Interest

Adverse events of special interest with incretin-
based therapies include medullary thyroid

Table 2 Examples of clinical scenarios in which use of tirzepatide could be considered for people with T2D

Clinical scenario A: next step after metformin Clinical scenario B: next step after basal insulin

Example 56 years old, has struggled to lose weight since

diagnosis and is concerned about how diabetes

will affect them in the future

60 years old, reluctant to increase basal insulin dose

or introduce short-acting insulin because of risk

of hypoglycaemia and weight gain, and wants to

avoid complex treatment regimen

Patient history • Duration of T2D 4 years

• No history of CVD

• HbA1c 8.3% (67 mmol/mol)

• BMI 34 kg/m2; waist 109 cm

• eGFR 96 mL/min/1.73 m2

• ACR normal

• Medications

o Metformin XR 2000 mg

o Atorvastatin 20 mg

o Irbesartan/hydrochlorothiazide 300/12.5 mg

• Duration of T2D 13 years

• HbA1c 8.4% (68 mmol/mol)

• BMI 33 kg/m2; waist 108 cm

• eGFR 65 mL/min/1.73 m2

• ACR normal

• Medications

o Metformin 2000 mg

o Insulin glargine 35 IU

o Telmisartan/amlodipine 80/10 mg

o Atorvastatin 80 mg

Aims Achieve early HbA1c control for long-term

microvascular and macrovascular benefits,

together with weight loss for metabolic benefits

Achieve HbA1c\ 7% and weight reduction, with

low risk of hypoglycaemia and minimal impact

on daily routine

Key

considerations

• Tirzepatide has potential to achieve

normoglycaemia and clinically significant weight

reduction (C 5%) [9]

• GLP-1RA (e.g. semaglutide 1 mg) could be

considered, but less impact on HbA1c and weight

than tirzepatide [9]

• Oral agents could be considered, but less impact

on weight (e.g. SU = weight gain;

DPP4i = weight neutral;

SGLT2i = intermediate weight loss) [4]

• Continue encouraging diet and lifestyle

modifications

• Tirzepatide has potential to achieve

normoglycaemia and clinically significant weight

reduction (C 5%), with low risk of

hypoglycaemia and once weekly administration

[12]

• GLP-1RA (e.g. semaglutide) could also be

considered, but less impact on HbA1c and weight

than tirzepatide [9]

• Oral agents could be considered, but less impact

on HbA1c with less impact on weight loss [4],

and add to daily pill burden

ACR albumin-to-creatinine ratio, BMI body mass index, CVD cardiovascular disease, DPP4i dipeptidyl peptidase 4 inhi-
bitor, eGFR estimated glomerular filtration rate, GLP-1RA glucagon-like peptide 1 receptor agonist, HbA1c glycosylated
haemaglobin A1c, T2D type 2 diabetes
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carcinoma, pancreatitis, cholelithiasis and dia-
betic retinopathy [28].

No cases of medullary thyroid carcinoma
were reported during SURPASS-1–5, and pan-
creatitis, cholelithiasis and diabetic retinopathy
were reported in fewer than 1% of participants
receiving any dose of tirzepatide or control
(Table S3, Supplementary Appendix) [8–12].

IMPLICATIONS FOR MANAGEMENT
OF T2D IN CLINICAL PRACTICE

The SURPASS program demonstrated substan-
tial clinical benefits with tirzepatide 5 mg,
10 mg and 15 mg across a broad patient popu-
lation and when compared with a range of
therapies currently considered best practice in
T2D management [3, 8–12]. It is reasonable to
expect that results from SURPASS clinical trials
may drive important updates to T2D manage-
ment guidelines and clinical practice. Indeed,
the American Diabetes Association/European
Association for the Study of Diabetes (ADA/
EASD) updated their 2022 consensus statement
for T2D to include tirzepatide [4].

Fitting Tirzepatide into the T2D Treatment
Continuum

Tirzepatide is effective across the T2D treatment
continuum, from initial drug therapy through
to those not at target on basal insulin (mean
T2D duration 4.7–13.3 years in the SURPASS
studies) [8–12].

Metformin is universally recognised as the
first-line therapy for people with T2D not
reaching glycaemic targets with diet and exer-
cise. The optimum add-on therapy to met-
formin is less clear. Findings from the recent
Glycemia Reduction Approaches in Type 2
Diabetes: A Comparative Effectiveness (GRADE)
study support the early introduction of incretin-
based therapies in the T2D treatment pathway,
although it should be noted that GRADE did
not include a SGLT2i treatment arm [29, 30].

In view of the microvascular and macrovas-
cular benefits and long-term legacy effects of
early, intensive HbA1c control, it would seem

logical to introduce a highly effective agent
such as tirzepatide early in the T2D treatment
pathway. Given the benefits of tirzepatide on
weight, waist circumference, and lipid parame-
ters in addition to impressive improvements in
glycaemic control, this medication appears to
be ideally placed as first add-on therapy for
individuals not at HbA1c target on metformin,
particularly for those with T2D and excess adi-
posity (Table 2, clinical scenario A). However,
this will need to be considered in the context of
data from cardiovascular and kidney outcome
trials involving tirzepatide. Addition of tirzepa-
tide should also be considered for any person
with T2D who would benefit from weight loss
and those not reaching glycaemic targets on
current therapies. In practice, it is likely that use
of tirzepatide will be driven by cost and funding
considerations, in addition to clinical benefits.

The future role and position of insulins in
the T2D treatment continuum will need to be
reconsidered, given incretin-based therapies
provide substantial reduction in HbA1c without
the potential for weight gain and hypogly-
caemia seen with insulins. Tirzepatide may be
considered for individuals not at target on basal
insulin with the aim of improving glycaemic
control, decreasing weight and minimising risk
of hypoglycaemia [12] (Table 2, clinical scenar-
io B). Outcomes from SURPASS-6 (tirzepatide vs
insulin lispro in people with T2D on insulin
glargine ± metformin [31]) will further estab-
lish the role of tirzepatide in people currently
not at target on basal insulin.

Results from SURPASS-CVOT should help
establish the role of tirzepatide in managing
people with T2D and CV disease. Furthermore,
an ongoing study in people aged 10–18 years
with T2D will help establish its safety and effi-
cacy in children and adolescents [32].

WHERE TO NEXT? FUTURE
DIRECTIONS IN T2D & BEYOND

Should HbA1c Targets be Revised in T2D?

Normoglycaemia, previously considered
unachievable, is becoming a potential reality in
T2D. Up to 51% of participants in the SURPASS
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program, even those with long-standing dia-
betes, achieved normoglycaemia and clinically
significant weight loss without hypoglycaemia
[21]. This unparalleled potency challenges
existing treatment paradigms and targets,
which may need to be revised.

Early and intensive HbA1c control in people
with newly diagnosed T2D is well established
for the prevention and management of
microvascular complications [33] and has
demonstrated a long-term legacy effect on
macrovascular outcomes [34]. However,
macrovascular benefit was elusive in people
with T2D of longer duration (7.9–11.5 years) in
the Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Con-
trolled Evaluation (ADVANCE) and Veterans
Affairs Diabetes Trial (VADT) studies [35, 36],
and the Action to Control Cardiovascular Risk
in Diabetes (ACCORD) study reported increased
CV mortality [37]. Further analyses suggested
that increased rates of hypoglycaemia may have
contributed to the lack of CV benefit with
intensive HbA1c lowering in these studies
[38, 39]. More recently, risk reduction for MACE
was shown to be proportional to the magnitude
of HbA1c decrease when agents with less
hypoglycaemic potential were considered [39].

Tirzepatide did not increase CV risk in the
SURPASS-1–5 studies [23], although subset
analysis of participants achieving HbA1c\
5.7% (\ 39 mmol/mol) was not reported. The

ongoing CV outcomes trial, SURPASS-CVOT
(anticipated completion 2024) [27], may help to
establish the CV safety of achieving normogly-
caemia with tirzepatide in people with T2D.

Current guidelines recommend that HbA1c
targets in T2D are individualised, but a general
target of B 7% (B 53 mmol/mol) is commonly
accepted [3, 4]. With the introduction of agents
able to achieve normoglycaemia together with
weight reduction without increased risk of
hypoglycaemia, it is enticing to consider how
outcomes for people with T2D might change if
the HbA1c treatment goal was updated to be
normoglycaemia. An HbA1c target closer to\
5.7% (39 mmol/mol), achieved early in the

course of T2D, could potentially minimise the
onset and progression of microvascular disease
and have a legacy effect on macrovascular

outcomes [34]. This potentially could reduce
the burden of disease for people living with
diabetes, and also reduce the burden on
healthcare systems (tertiary and primary care).

Follow-up of the SURPASS clinical trials to
assess long-term outcomes for the subgroup of
participants who reached normoglycaemia with
weight loss and no hypoglycaemia should add
to the body of knowledge on prevention of
complications associated with T2D, including
emerging diabetes weight-related complications
such as cancer, fatty liver disease and obstruc-
tive sleep apnoea.

Targeting Multi-morbidities in T2D

Weight Loss
Weight loss in T2D can improve glycaemic
control, insulin sensitivity and comorbidities
[40, 41]. A person-centred approach focussing
on updated weight loss targets—now achievable
with therapies such as tirzepatide—may
improve not only glycaemic control but also
other metabolic complications for people with
adiposity-associated T2D, including blood
pressure, lipids, obstructive sleep apnoea and
fatty liver disease. Non-metabolic progressive
comorbidities such as osteoarthritis would also
be expected to benefit from substantial weight
loss.

Although weight loss is recognised as bene-
ficial in the majority of people with T2D, it is
challenging to maintain long-term and treat-
ment targets have not been a focus of manage-
ment [42]. Bariatric surgery is currently the
most effective means of achieving substantial
weight loss; clinical studies with Roux-en-Y
gastric bypass in people with obesity and T2D
demonstrated mean weight losses of 26–33%,
compared with 5–8% in those receiving medical
management [43]. Furthermore, bariatric sur-
gery plus intensive medical therapy was supe-
rior to intensive medical therapy alone for
decreasing (and in some subjects, resolving)
hyperglycaemia in T2D plus obesity [44]. How-
ever, bariatric surgery is not feasible as a popu-
lation-wide intervention for people with T2D
[42].
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With respect to glucose-lowering medica-
tions, the 2022 ADA/EASD consensus statement
emphasises the need to focus on both glycaemic
and weight management goals, and lists tirze-
patide or semaglutide as having very high effi-
cacy for weight loss [4]. Across the SURPASS
studies, tirzepatide reduced mean body weight
by 6.2–12.9 kg, with 7–43% achieving weight
loss greater than 15%—including in partici-
pants receiving agents promoting weight gain,
such as insulin [8–12]. Significantly greater
weight losses were seen with tirzepatide than
with semaglutide 1.0 mg in SURPASS-2, and
significantly more participants achieved greater
than 15% weight loss [9]. Weight loss achiev-
able with medical therapy is becoming closer to
that seen with bariatric surgery in people with
T2D and obesity, potentially making sustained,
substantial weight loss achievable for a greater
proportion of these individuals.

Cardio-Renal-Metabolic Disease
Cardio-renal-metabolic (CRM) disease involves
multidirectional interactions between CV dis-
ease, hypertension, kidney disease and meta-
bolic disorders such as T2D, dyslipidaemia and
obesity [45–47]. A holistic approach to CRM
care that recognises the interconnected nature
of these disorders may improve patient out-
comes compared with isolated treatment of the
individual conditions [47–50]. Although SGLT2i
have offered a therapeutic option for CRM
syndrome [48], there remains an unmet need
for effective agents in this area.

Tirzepatide has demonstrated improved
metabolic outcomes, including reductions in
HbA1c, body weight and blood pressure, and
improvement in lipid profile [8–12]. Informa-
tion available to date suggests that tirzepatide
may also have CV and kidney benefits in people
with T2D [22, 23]. Determining the future
potential for tirzepatide in CRM disease will
depend on the outcomes of dedicated CV and
kidney trials, but it is tempting to consider
whether it might provide a treatment option for
individuals at risk (Fig. 3).

Knowledge Gaps with Tirzepatide

The SURPASS clinical trial program was com-
prehensive, but some knowledge gaps remain
regarding its use.

Most of the SURPASS studies were of 40–-
52 weeks duration. Long-term efficacy and
safety data are needed to assess the durability of
improved glycaemic control and weight loss,
and to further elucidate the potential for
adverse events of special interest such as dia-
betic retinopathy, cholelithiasis, thyroid
medullary cancer and adverse pancreatic out-
comes. The current studies did not identify red
flags for retinopathy, but people with diabetic
maculopathy, proliferative diabetic retinopa-
thy, or non-proliferative diabetic retinopathy
that required urgent treatment were excluded
from the studies. Regardless of treatment
modality, rapid improvements in glycaemic
control can result in a temporary worsening of

Fig. 3 Will tirzepatide have a potential future in CRM disease? CV cardiovascular, T2D type 2 diabetes
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diabetic retinopathy [51], and prescribers of
tirzepatide should be mindful of this.

SGLT2i is now recognised by many interna-
tional guidelines as a first add-on therapy
option for people with T2D not at HbA1c target
on metformin, especially in those with or at
high-risk of CV disease and kidney disease [4]. It
would be useful to further explore the efficacy
of adding tirzepatide to SGLT2i; subgroup
analysis of SURPASS-3 and -4 may provide
information on this combination. SURPASS-
CVOT may also offer insights into the safety of
the combination, as participants could receive
other diabetes therapies, including SGLT2i,
during the study.

Whilst kidney outcomes identified in SUR-
PASS-4 were promising [22], the true renal pro-
tective effects of tirzepatide, and indeed other
GLP-1RAs, await the results of dedicated kidney
outcome studies in people with established
diabetic kidney disease and renal impairment
that assess the risk of progressing to kidney
failure as their primary endpoint. Further sub-
group analyses or future clinical trials would be
useful to determine efficacy of tirzepatide in
other targeted populations such as the elderly or
different ethnic groups.

Other Indications

Tirzepatide is currently being investigated for
use in other conditions, including obesity, heart
failure with preserved ejection fraction (HFpEF)
and non-alcoholic steatohepatitis (NASH).

Greater weight loss was seen with tirzepatide
in the 72-week, phase 3 SURMOUNT study in
people with obesity without T2D than in the
SURPASS studies. This was expected, as weight
loss achieved with any intervention in people
without T2D generally exceeds that seen in
people with T2D [42]. Tirzepatide 5, 10 and
15 mg demonstrated substantial and sustained
reductions in body weight of 15.0%, 19.5% and
20.9%, respectively, versus 3.1% with placebo.
Notably, 57% of participants receiving tirzepa-
tide 10 or 15 mg achieved weight loss of 20% or
more [52]. This approaches the weight loss
typically expected for bariatric surgery, which is
in the range of 25–35% [53], and suggests

tirzepatide could play an important role in
managing obesity.

The phase 3 SUMMIT study in people with
HFpEF and obesity [54] and the phase 2
SYNERGY-NASH study [55] are ongoing.

Other Incretin Co-agonists
and Combinations in Development

Tirzepatide is a first-in-class GIP/GLP-1 receptor
agonist, but there are numerous other incretin-
based co-agonists and combination therapies at
various stages of preclinical and clinical devel-
opment for different metabolic disorders. A
wide range of potential partners to GLP-1 ago-
nists have been investigated, including gluca-
gon, amylin, cholecystokinin, fibroblast growth
factors, and neuroreceptor Y2 (NPY2), as well as
GIP receptor agonists and antagonists [56–58].

Several GLP-1/glucagon co-agonists have
been investigated in phase 1 or 2 clinical trials
[57]. A phase 2b study with once-daily cotadu-
tide 100, 200 or 300 lg in T2D demonstrated
reductions in HbA1c and body weight similar to
those achieved with liraglutide 1.8 mg and sig-
nificantly greater than those seen with placebo
[59]. Gastrointestinal disorders were the most
commonly reported adverse event; these
occurred more frequently with cotadutide than
with liraglutide or placebo, but incidence
decreased over time [59]. Gastrointestinal
adverse events and other safety issues have
hindered the development of some GLP-1/glu-
cagon co-agonist candidates, and several (e.g.
SAR425899, efinopegdutide, NNC9204-1177)
have been discontinued from development for
management of T2D/obesity [57, 60].

Oxyntomodulin is an endogenous gut hor-
mone that acts at both GLP-1 and glucagon
receptors to reduce food intake and increase
energy expenditure [61]. Mazdutide
(LY3305677), an oxyntomodulin analogue, is
currently in early clinical development and was
reported to be well tolerated at doses up to
10 mg [62–64]

CagriSema, a combination of semaglutide
2.4 mg plus cagrilintide (an amylin analogue), is
currently in development for obesity and T2D.
A phase 1b trial in overweight/obese
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participants demonstrated an acceptable safety
profile with reductions in body weight of up to
17% [65]. A 32-week phase 2 study in people
with T2D (n = 92) demonstrated decreases in
HbA1c of - 2.2% with CagriSema vs - 1.8%
with semaglutide 2.4 mg (p = 0.075) and 0.9%
with cagrilintide (p\ 0.0001). Reductions in
body weight were greater with CagriSema
(- 15.6%) than with semaglutide 2.4 mg
(- 5.1%) or cagrilintide (- 8.1%) (both
p\0.0001) [66].

Triple agonists are also in development.
LY3437943, a novel triple GIP/GLP-1/glucagon
co-agonist has been studied in people with T2D.
In a phase 1, 12-week study with multiple
ascending doses, placebo-adjusted mean
decreases in HbA1c of up to 1.56% and body
weight decreases of up to 8.96 kg were observed
[67].

Most combination/co-agonist incretin-based
therapies in development focus on improving
efficacy, but preclinical studies with the GLP-1/
NPY2 co-agonist GEP44 examined the potential
for mitigation of nausea and vomiting [58].
GEP44 reduced food intake and body weight
compared to exendin-4 controls, with little to
no nausea behaviour (in rats) or emesis (in musk
shrews). Further investigation of incretin-based
therapies with reduced gastrointestinal adverse
event profile is warranted [58].

CONCLUSION

Tirzepatide is the first GIP/GLP-1 receptor ago-
nist approved for the treatment for T2D. Clini-
cal trial results suggest that tirzepatide will
provide a major advancement in the treatment
of T2D and its associated metabolic derange-
ments such as cardio-renal-metabolic disease.
Tirzepatide lowers glucose levels and reduces
body weight more effectively than GLP-1 RA
with a similar safety and adverse event profile. A
recent CV meta-analysis has shown that tirze-
patide does not increase major CV events com-
pared with other glucose-lowering therapies.
Supportive data for a kidney-protective effect of
tirzepatide has also recently been published.
Determining the optimal place for tirzepatide in
T2D treatment algorithms may depend on the

outcomes of dedicated CV and kidney trials and
long-term safety studies. Phase 3 clinical studies
with other co-agonists are awaited with interest.
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