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ABSTRACT

Early and intensive treatment of type 2 diabetes
(T2D) has been associated with lower risk of
diabetes-related complications. Control of
overweight and obesity, which are strongly
associated with T2D and many of its complica-
tions, is also key in the management of the
disease. New therapies allow for individualised
glycaemic control targets with greater safety.
Thus, in patients with a higher cardiovascular
and renal risk profile, current guidelines
encourage early treatment with metformin
together with glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) and sodium-glucose co-
transporter-2 inhibitors with proven cardiovas-
cular benefit. GLP-1 RAs combine highly effi-
cacious glucose-lowering activity with a reduced
risk of hypoglycaemia. Recently, tirzepatide, a
first-in-class drug that activates both glucose-
dependent insulinotropic polypeptide and GLP-

1 receptors, has demonstrated very high efficacy
in glycated haemoglobin (HbA1c) and weight
reduction in clinical trials. Tirzepatide has the
potential to help people with T2D reach rec-
ommended glycaemic and weight targets
(HbA1c\7% and[5% weight reduction) and
to allow some patients to reach HbA1c mea-
surements close to normal physiological levels
and substantial weight reduction. In 2022, tir-
zepatide was approved by the US Food and Drug
Administration and the European Medicines
Agency for treatment of people with T2D and is
currently in development for chronic weight
management.

PLAIN LANGUAGE SUMMARY

In people newly diagnosed with type 2 diabetes,
early and intensive treatment of the disease can
help control blood sugar and reduce the risk of
later complications. The need to control weight
in people with obesity and diabetes has also
recently become a priority. New drugs devel-
oped in recent years allow for better and more
individualised management of blood sugar
without the risk of blood sugar levels dropping
too low. In patients at risk of kidney or heart
disease, the current recommendation is early
treatment with metformin and drugs with pro-
ven cardiovascular benefit. Tirzepatide is a new
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drug that has also demonstrated very high effi-
cacy in reducing blood glucose and body
weight. It has the potential to help people with
type 2 diabetes achieve their goals and prevent
other diabetes-related complications. It is likely
that some patients will even be able to bring
their blood glucose to normal levels and lose
substantial amounts of weight. The US and
European regulatory agencies approved tirze-
patide in 2022 for the treatment of type 2 dia-
betes and it is currently being tested for chronic
weight management.

Keywords: Diabetes therapy; Diabetes-related
complications; Glucagon-like peptide-1
receptor agonists; Incretin; Obesity; Sodium-
glucose co-transporter-2 inhibitors; Tirzepatide;
Type 2 diabetes

Key Summary Points

In people newly diagnosed with type 2
diabetes (T2D), early and intense
intervention to improve glycaemic
control can prevent diabetes-related
micro- and macrovascular complications
in the long term

In people with T2D and excess weight or
obesity, weight loss can help achieve
glycaemic control by reversing the
underlying metabolic causes of the
disease, but sustained weight reduction is
often difficult to achieve

Glucagon-like peptide-1 (GLP-1) receptor
agonists and sodium-glucose co-
transporter-2 inhibitors with proven
cardiovascular and renal benefits are
currently recommended for T2D
treatment, in combination with other
therapies for people at cardiovascular and
renal risk

Tirzepatide is a new drug that activates
both glucose-dependent insulinotropic
polypeptide and GLP-1 receptors and, in
clinical trials, has demonstrated very high
efficacy in both glycaemic and weight
control. It is now approved for T2D
treatment and is in development for
chronic weight management

As new treatments are incorporated into
the diabetes treatment, cost-effectiveness
studies are increasingly necessary to better
target interventions and to inform
decision making on reimbursement and
pricing

Tirzepatide has the potential to help
people with T2D reach the recommended
glycaemic and weight targets and to help
some patients achieve normoglycaemia
and substantial weight reduction

INTRODUCTION

Type 2 diabetes (T2D) remains, for most people,
a life-long, chronic disease with associated
complications. The current focus of T2D man-
agement is on early intervention, with the
objective of avoiding acute metabolic decom-
pensation and preventing or delaying the onset
of the cardiovascular or renal complications
characteristically associated with diabetes. The
general recommendations for people newly
diagnosed with T2D are in favour of healthy
lifestyle changes, including better nutrition and
more physical exercise. Thus, the American
Diabetes Association (ADA) ‘‘Standards of Med-
ical Care in Diabetes’’ currently recommends a
glycated haemoglobin (HbA1c) goal for non-
pregnant adults of\7% (53 mmol/mol), but
lower HbA1c levels may be acceptable and even
beneficial if they can be achieved safely without
significant hypoglycaemia or other adverse
effects of treatment [1]. In all cases, it is critical
that the individualisation of targets is based on
key patient characteristics, such as the patient’s
risk factors and comorbidities. Pharmacological
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therapies, such as some glucagon-like peptide-1
receptor agonists (GLP-1 RAs) or sodium-glu-
cose transport protein-2 (SGLT2) inhibitors with
proven cardiovascular benefit, which combine
glucose control with a low risk of hypogly-
caemia, are currently accepted as appropriate
initial therapy with or without metformin based
on glycaemic needs for individuals with T2D
with or at high risk for atherosclerotic cardio-
vascular disease (CVD), heart failure and/or
chronic kidney disease [2, 3].

As obesity has been strongly associated with
the development and progression of T2D and
many of its associated complications, in recent
years weight reduction has been proposed as a
primary target of management for people with
overweight or obesity with T2D [3–6]. To
achieve weight reduction goals, the recent
consensus by the ADA-European Association for
the Study of Diabetes (EASD) recommends
individualised weight loss goals and considera-
tion of GLP-1 RAs with high weight loss effi-
cacy, as they can often provide weight loss of
10–15% or more [3]. New therapies, such as
tirzepatide, have demonstrated very high effi-
cacy for weight reduction [7].

In this review, we discuss the impact of
stringent glucose control and weight reduction
on health outcomes when achieved early in the
disease course along with the current and future
pharmacological therapies aimed at achieving
these goals.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

BENEFITS OF TIGHT AND EARLY
GLYCAEMIC CONTROL

Several studies have shown that early interven-
tion in the form of behavioural or lifestyle
changes, pharmacological therapy or surgery
can be successful in reverting diabetes and
achieving stringent glycaemic control in some

patients [8–11]. For example, long-lasting
remissions in up to 50% of patients have been
observed in studies of patients newly diagnosed
with T2D, HbA1c[ 8.5–9% and clinical symp-
toms who underwent early initiation of insulin
[12]. In these cases, the key determinant of the
likelihood of inducing sustained drug-free dia-
betes remission was early intervention, partic-
ularly within the first 2 years after diagnosis
[13]. Baseline body mass index (BMI) and fast-
ing plasma glucose were clinical predictors of
success in these patients [12].

Glycaemic control has proven effective in
avoiding the toxic effects of hyperglycaemia
and the development of micro- and macrovas-
cular complications [3]. Some long-term studies
(UKPDS, UKPDS 80, ADVANCE, ORIGIN, Dia-
betes and Aging Study) have shown the signifi-
cant benefit of early insulin treatment (Table 1)
[14–20]. In some cases, a reduction in cardio-
vascular events and microvascular disease was
observed, and improved life expectancy was
observed in two studies with follow-up of
[ 10 years. The ORIGIN study demonstrated
that initiating intensive insulin therapy at
diagnosis of T2D to achieve stringent glycaemic
control reversed glucotoxicity, resulting in
recovery of residual b-cell function, but did not
show benefit on the prevention of micro- or
macrovascular complications or mortality
between the groups [12]. More recently, a
cohort study of managed care patients newly
diagnosed with T2D and 10 years of survival
data found that diabetes control during the first
year after diagnosis was strongly associated with
lower future risk for diabetic complications and
mortality. Interestingly, the duration and
intensity of early glycaemic control were both
closely aligned with outcomes [20].

In conclusion, some studies with long fol-
low-up times, such as UKPDS, have demon-
strated the beneficial effects of early
intervention to improve glycaemic control and
long-term complications.

Benefits of Weight Control

Obesity is a chronic relapsing progressive dis-
ease process with a critical role in the
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development and progression of T2D and many
of its associated complications [4, 5, 21]. For
these reasons, there is renewed interest in
weight control and the concept of weight-cen-
tric, rather than glucose-centric, approaches to
diabetes treatment [21]. Obesity is strongly
associated with insulin resistance, hyperinsuli-
naemia and glucose intolerance and increased
rates of cardiovascular events, microvascular
complications and other diabetes-derived
comorbidities [22]. Men with obesity had a
seven-fold higher risk and women with obesity
a 12-fold higher risk of developing T2D com-
pared with individuals in the healthy weight
range [22]. Weight gain has been associated
with strong increases in the risk of development
of prediabetes or diabetes and in the reduction
of the rate of reversion to normoglycaemia in
subjects with prediabetes [23, 24].

The DiRECT study, a randomised, controlled
trial, evaluated an intensive dietary interven-
tion in patients with recent T2D (\6 years of
duration) and a BMI of 27–45 kg/m2 [25]. In this
study, 70% of patients who lost C15 kg
achieved T2D remission by 2 years [24]. Simi-
larly, 60% of those who lost between 10 and
15 kg, 29% of those who lost between 5 and
10 kg and 5% of those who lost\5 kg at 2 years
had diabetes remission, suggesting a direct
relationship between weight loss and diabetes
improvement [24]. Weight reduction can also
help improve CVD risk factors in individuals
with T2D. The Look AHEAD trial of 5145
patients with overweight and obesity showed
that a modest weight decrease of 5% to\ 10%
was associated with significant reductions in
blood pressure and triglycerides and higher
high-density lipoprotein cholesterol after 1 year
[26]. Weight losses of a higher magnitude
([10%) were significantly associated with a
lower risk of cardiovascular events, such as car-
diovascular death, myocardial infarction, stroke
or angina hospitalisation [27].

Significant weight loss (10–15%) can be dis-
ease modifying and lead to full T2D remission
in some patients [3]. Very-low-calorie diets can
result in rapid weight loss and major improve-
ments to glycaemic control and remission, but
currently they are usually reserved for individ-
uals with higher obesity degree (BMI[35 kg/

m2) [28]. In addition, although weight loss can
help improve glucose control in T2D by
reversing the underlying metabolic causes of
the disease, achieving healthy weight goals can
be very difficult for a high percentage of
patients [24, 26]. Additional research is needed
to evaluate these lifestyle interventions.

EARLY INTENSIFICATION
WITH COMBINATION THERAPY
VERSUS SEQUENTIAL TREATMENT

Until recently, stepwise drug treatment intens-
ification has been the standard approach,
mostly because of the increased risk of hypo-
glycaemia, and provides a clear evaluation of
the efficacy of new drugs and their potential
side effects [29]. Recent evidence shows that
starting with a combination of metformin and a
GLP-1 RA or SGLT2 inhibitor in newly diag-
nosed patients can lead to earlier, better and
more sustained glucose control [30, 31]. Older
studies also support this view. The EDICT ran-
domised trial tested treatment with a combi-
nation of metformin, pioglitazone and a GLP-1
RA (exenatide) in patients newly diagnosed
with T2D versus sequential add-on therapy.
This study found that significantly more par-
ticipants initially receiving combination ther-
apy maintained the treatment goal
(HbA1c\6.5%) and had HbA1c reduced to the
normal range (\ 6.0%) than those receiving
conventional sequential therapy [32]. Early
treatment intensification was also supported by
randomised studies of patients treated with
metformin and a dipeptidyl peptidase-4 inhi-
bitor [33, 34], metformin and a sulphonylurea
[35] and other drug groups [36].

Current ADA-EASD consensus recommenda-
tions indicate that combination treatment can
be considered in some patients with newly
diagnosed T2D to extend the time to treatment
failure, especially in patients presenting with
HbA1c levels 1.5–2.0% above target [3]. In
young adults with T2D, immediate and sus-
tained glycaemic control (HbA1c levels of B7%
or even lower) should be the goal [3]. In sum-
mary, intensification with combination therapy
of high glucose-lowering efficacy or therapies

1776 Diabetes Ther (2023) 14:1771–1784



for cardiovascular/renal risk reduction such as
GLP-1 RAs and SGLT2 inhibitors could be
advantageous over sequential addition to better
individualise treatments [2].

GLP-1 RAS AND SGLT2 INHIBITORS
IN PATIENTS WITH
CARDIOVASCULAR RISK

In the past decade, seven cardiovascular out-
come trials have provided consistent data on
the efficacy of some GLP-1 RAs and SGLT2
inhibitors in reducing cardiovascular events in
people with T2D. Meta-analyses of the cardio-
vascular outcomes trials show that some GLP-1
RAs can reduce major cardiovascular events,
cardiovascular death, myocardial infarction
rates and stroke, among other benefits [37, 38].
Likewise, strong evidence of reduction in major
cardiovascular events and hospital admissions
for heart failure and cardiovascular death has
been observed for some SGLT2 inhibitors
[39, 40]. For these reasons, the ADA, the EASD
and the European Society of Cardiology pub-
lished recommendations for the prescription of
GLP-1 RAs and SGLT2 inhibitors with proven
cardiovascular or renal benefits to patients with
T2D and established CVD or high cardiovascu-
lar risk [2, 3, 41]. Some current guidelines also
suggest that GLP-1 RAs and SGLT2 inhibitors
with proven cardiovascular or renal benefits
should be administered as first-line monother-
apy in patients with atherosclerotic CVD or
with high cardiovascular risk and that the
decision to treat with these drugs should be
considered independently of baseline HbA1c or
individualised HbA1c target [2, 41]. Early initi-
ation with combination therapy based on met-
formin and a GLP-1 RA or SGLT2 inhibitor
could be an option for most people newly
diagnosed with T2D [31]. Also, a significant
advantage of GLP-1 RA and SGLT2 inhibitor
treatments is their effect on body weight.
Although the extent of the loss varies, there is
substantial evidence from clinical trials on the
weight-loss effects of some of these drugs [42].
Furthermore, recent studies have shown that
some GLP-1 RAs and SGLT2 inhibitors could
have the potential for treating non-alcoholic

fatty liver disease and non-alcoholic steatohep-
atitis, two conditions with currently very lim-
ited therapeutic options [43, 44]. However,
there are still no randomised clinical trials with
conclusive evidence to support this indication
for use.

Although GLP-1 RAs and SGLT2 inhibitors
are generally well tolerated, the long-term
safety of these drugs ([ 10-years) has not been
evaluated.

The fact that some patients with established
cardiovascular disease are not being treated
with these drugs, although they are recom-
mended in clinical guidelines, is a cause of
concern for some researchers and authors of
guidelines [45–47]. Authors of the ADA-EASD
consensus guidelines have suggested that clini-
cal inertia could be a reason for this gap
between clinical evidence and clinical practice
[47]. Others suggest inadequate recognition by
doctors that they may be used for cardiovascu-
lar benefit regardless of glycaemic control or the
fact that these new agents are more expensive
compared with older drugs [3, 46]. For policy
makers, healthcare systems, payers and compa-
nies with marketed products, ensuring access
should be a priority [3, 47]. New strategies have
been proposed to make expensive drugs more
affordable [48], but to offer innovative drugs to
patients in an environment of limited eco-
nomic resources, public health pharmaceutical
strategies and specific proposals from the phar-
maceutical sector may be needed as well as
prioritisation of those groups of patients at
highest risk [3, 47]. Although numerous studies
have highlighted the need for decreasing the
gap between guideline recommendations and
clinical practice in patients with increased car-
diovascular risk at earlier stages of T2D, the
effort should involve healthcare providers, the
pharmaceutical industry, regulators, profes-
sional societies and payers [45–50]. Also, cost-
effectiveness studies of these drugs are needed
to assess their clinical benefit in relation to
costs. Cost-effectiveness studies would help to
better target interventions and to inform deci-
sion making on reimbursement and pricing
[3, 50].
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Tirzepatide

Tirzepatide is a novel once-weekly injectable
single-peptide molecule with glucose-depen-
dent insulinotropic polypeptide and GLP-1 RA
activity. The combined action at both receptors
may act synergistically, providing additional
effects on glycaemic control and body weight
reduction [51, 52].

In the SURPASS-1 to -5 clinical trials, the
efficacy of tirzepatide in people with T2D was
investigated as monotherapy versus placebo (in
patients with mean disease duration of
4.7 years) [53]; as add-on to metformin versus
semaglutide [54]; as add-on to met-
formin ± SGLT2 inhibitors versus insulin
degludec [55, 56]; in patients with high cardio-
vascular risk, as add-on to metformin, SGLT2
inhibitors or sulphonylureas versus insulin
glargine [57]; and as add-on to metformin plus
insulin glargine versus placebo [58] (Tables 2
and 3). In SURPASS-2, tirzepatide showed
robust, dose-dependent reductions in HbA1c
levels (- 2.30% with the 15 mg dose after
40 weeks of treatment compared with -1.86%
with semaglutide 1 mg), as well as large reduc-
tions in body weight (- 12.4 kg with the 15 mg
dose, compared with - 6.2 kg with semaglutide
1 mg) [54]. Between 85 and 92% of patients
treated with tirzepatide 5 mg, 10 mg or 15 mg
achieved glycaemic control, defined as
HbA1c\ 7%, and substantial proportions of
participants achieved HbA1c\ 5.7% (Table 2)
[53–55, 57, 58]. In a sub-study of SURPASS-3 in
patients with continuous glucose monitoring,
those receiving tirzepatide had a greater pro-
portion of time in tight target range
(71–140 mg/dl) than did those receiving insulin
degludec [59].

The effect of tirzepatide on body weight was
progressive and dose dependent; between 54
and 88% of patients achieved C 5% weight loss
across SURPASS-1 to -5 [53–55, 57, 58]. Also, in
these trials up to 69% of patients achieved a
more ambitious goal of C 10% weight loss, and
up to 43% experienced weight loss of C 15%
(Table 3). The body weight reduction was
mostly due to reduced fat mass [60]. A sub-
analysis of patients responding to tirzepatide in
the SURPASS-1 to -4 trials showed that those

achieving HbA1c\ 5.7% were slightly younger
and had a shorter T2D duration and lower
HbA1c at baseline [61]. A recent post hoc analysis
of the SURPASS-1 to -5 trials showed that
significantly more participants treated with tir-
zepatide (all doses) achieved the triple objective
of an HbA1c\ 5.7% with C 5% weight loss and
without hypoglycaemia compared with those
receiving placebo, semaglutide 1 mg or basal
insulin [62]. Using tirzepatide 15 mg,[ 40% of
patients achieved this triple endpoint. Tirzepa-
tide (all doses) was also associated with clini-
cally significant reductions in blood pressure
and non-high-density lipoprotein cholesterol
and triglyceride levels [53–55, 57]. Furthermore,
tirzepatide (10 mg and 15 mg) was associated
with a significant reduction in liver fat content
and visceral and abdominal subcutaneous adi-
pose tissue volumes compared with insulin
degludec in a subpopulation of the SURPASS-3
study [63].

Tirzepatide presented a safety profile similar
to that of GLP-1 RAs, mainly consisting of mild-
to-moderate gastrointestinal events and no
increased risk of hypoglycaemia [54]. GLP-1 RAs
decelerate gastric emptying, curb postmeal gly-
caemic increments and reduce appetite, energy
intake and body weight. A study showed that
tirzepatide has similar effects [65]. However,
because tirzepatide is a new drug, there are still
some evidence gaps that will require additional
research. For example, there are still no pub-
lished data on its effect in real-world clinical
conditions, long-term safety data or its use in
populations beyond those studied in clinical
trials. Likewise, although tirzepatide is associ-
ated with improvement of several cardiovascu-
lar risk factors (e.g., blood pressure, lipid profile,
abdominal circumference), the long-term study
of cardiovascular outcomes is still underway.
The SURPASS-CVOT trial (NCT04255433) is
currently investigating the efficacy and safety of
tirzepatide compared with the GLP-1 RA
dulaglutide in preventing major cardiovascular
events. Finally, long-term cost-effectiveness
studies are necessary to evaluate the economic
impact of the introduction of tirzepatide.

In summary, tirzepatide is a new single
molecule with glucose-dependent insulino-
tropic polypeptide and GLP-1 RA activity that
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has demonstrated efficacy superior to that of
comparators in terms of HbA1c and weight
reduction. Tirzepatide was included in the
recent ADA-EASD consensus as a drug with very
high efficacy in achieving glycaemic targets and
high potential in weight reduction [2, 3]. In
2022, tirzepatide was approved by the US Food
and Drug Administration and by the European
Medicines Agency for the treatment of T2D and
is currently in development for chronic weight
management.

CONCLUSIONS AND PROSPECTS

In recent years, the increase in the number of
therapies with specific benefits has allowed a
more personalised approach to the treatment of
T2D. Optimal treatment pathways should con-
sider and evaluate the risk profile of the patient,
especially their cardiovascular and renal risks.
Current evidence suggests that early and
intensive treatment is associated with a better
chance of achieving glucose control and a lower
risk of complications. Early combination treat-
ment with metformin and other drugs, includ-
ing GLP-1 RAs and SGLT2 inhibitors, can have
beneficial outcomes, such as adequate glucose
control and weight loss, while minimising the
risk of hypoglycaemic events. The use of the
drugs in these classes with proven cardiovascu-
lar benefit should be strongly encouraged in
combination with metformin or as monother-
apy in patients with established CVD or high
cardiovascular risk. As these new drugs are more
expensive than the older agents, cost-effective-
ness studies are needed to improve allocation of
resources and to guide reimbursement and
pricing. Tirzepatide, a newly approved drug for
the treatment of T2D, may allow robust glucose
control and weight reduction in a single drug
with weekly administration.
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