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Type 2 diabetes mellitus

The 2025 International Diabetes Federation (IDF) guidelines recognise global disparities in healthcare access,
with ~ 80% of people with type 2 diabetes mellitus (T2D) living in low-to-middle-income countries (LMICs). A
panel of international experts discussed the evidence underlying these updated guidelines. Randomised trials
demonstrate cardiovascular-kidney protection with sodium-glucose cotransporter 2 inhibitors (SGLT2is) and
glucagon-like peptide-1 receptor agonists (GLP-1 RAs) in high-risk people with T2D, although their role among
those with low-risk disease remains less clear. Whilst advocating for the need to improve access to newer glucose-
lowering drugs (GLDs) in LMICs, the IDF guidelines propose two standards-of-care (‘optimal’ or ‘basic’), with the
following key messages: (i) early glycaemic control using conventional GLDs prevents complications and pre-
serves quality of life; (i) multifactorial management using effective GLDs and organ-protective drugs (e.g. statins
and renin-angiotensin-aldosterone system inhibitors) improve outcomes; (iii) individualised regimens with
shared decision-making and treatment persistence maximises benefits and minimises harm; (iv) metformin is a
foundation therapy, with no evidence supporting first-line SGLT2i or GLP-1 RA monotherapy in low-risk in-
dividuals; (v) sulphonylureas are highly effective and affordable GLDs, making them important options
(particularly in low-resource settings); and (vi) initial combination therapy achieves early glycaemic control with
increased durability versus stepwise GLD addition.

1. Introduction

Type 2 diabetes mellitus (T2D) is a progressive disease associated
with high rates of microvascular and macrovascular complications (e.g.
cardiovascular disease [CVD], chronic kidney disease [CKD]), comor-
bidities and premature mortality [1]. According to the International
Diabetes Federation (IDF), the estimated global prevalence of diabetes
in 2024 was 11.1%, corresponding to approximately 589 million adults
(aged 20-79 years). By 2050, this figure is expected to rise to 13%
(about 853 million) due to increased urbanisation and ageing pop-
ulations [2]. Of note, 95% of this increase is expected to occur in low-to-
middle-income countries (LMICs), where population growth is

predicted to be greater than high-income countries [2]. For example,
between 2024 and 2050, the age-standardised prevalence of T2D in the
Middle East/North Africa region and South East Asia region is predicted
to rise from 19.9% to 22.8% and 10.8% to 13.0%, respectively [2]. In
some LMICs, the prevalence of macrovascular and microvascular com-
plications also continues to increase, with poor glycaemic control being
a key determinant [3].

All international guidelines for T2D management support the
importance of tight glycaemic control for cardiovascular protection and
microvascular benefits [4-6]. In recent years, there has been an
increased emphasis on organ protection [5,7,8], which may have inad-
vertently de-emphasised the importance of effective glycaemic control
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in providing cardiovascular-kidney protection [9]. Large-scale, long-
term randomised controlled trials (RCTs), including the United Kingdom
Prospective Diabetes Study (UKPDS) [10,11], the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) study [12,13], the Action in
Diabetes and Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation (ADVANCE) study [14,15] and the Vet-
erans Affairs Diabetes Trial (VADT) [16,17], highlight the long-term
benefits of early intensive glucose-lowering therapy in reducing micro-
vascular complications and improving cardiovascular-kidney outcomes.
In UKPDS, which enrolled newly diagnosed individuals with T2D,
reducing glycated haemoglobin (HbAlc) by 0.9% (10 mmol/mol)
resulted in long-term improvements in all-diabetes related outcomes,
including cardiovascular-kidney disease [10]. These legacy effects were
sustained up to 24 years after study completion [18]. A meta-analysis of
11 RCTs emphasised the importance of glycaemic control for prevention
of microvascular and macrovascular complications [19]. A 2025
consensus statement highlighted the importance of early glycaemic
control, in addition to targeting existing cardiovascular and kidney
disease, as the central therapeutic goal in most people with T2D, while
emphasising the importance of multifactorial management to account
for the interindividual variability of disease [9].

Real-world data have demonstrated that many endocrinologists and
about 50% of primary care physicians prescribed newer glucose-
lowering drugs (GLDs; i.e. sodium-glucose cotransporter 2 inhibitors
[SGLT2is] and glucagon-like peptide-1 receptor agonists [GLP-1 RAs])
when managing individuals with T2D and CVD [20]. SGLT2is and GLP-1
RAs provide important cardiovascular-kidney benefits in individuals
with prior complications or multiple risk factors [21]. Indeed, an in-
ternational panel of clinicians, patients and methodologists have issued
risk-stratified guidelines that strongly recommend the use of SGLT2is or
GLP-1 RAs in individuals with higher risk (established CVD and/or CKD
at higher risk of complications or established heart failure [HF])
[22,23]. In contrast to other international guidelines [4-6], these clin-
ical practice guidelines focus on CVD and CKD risk factors and shared
decision-making when considering SGLT2i or GLP-1 RA treatment,
rather than achievement of HbAlc targets [22,23]. However, there are
limited data on the benefits of these agents among people with T2D who
do not have complications or few risk factors. The importance of
phenotypic differences between Asian and European populations,
particularly the low body mass index (BMI) and reduced insulin secre-
tion in Asians, further calls for individualised therapies rather than a
‘one-size-fits-all’ approach to T2D management [24,25]. To address this
evidence gap, the ongoing registry-based SGLT2i inhibitor or metformin
as standard treatment of early-stage T2D (SMARTEST) RCT is comparing
metformin versus dapagliflozin in people with recently diagnosed T2D
(<4 months) and few risk factors [26,27].

The 2025 IDF guidelines adopt a global perspective to T2D man-
agement, recognising that new organ-protective GLDs, particularly GLP-
1 RAs, are either not available or not affordable in many countries [6].
To harmonise glycaemic control and cardiovascular-kidney protection
goals, the IDF guidelines provide two standard-of-care strategies for T2D
management: ‘optimal care’ and ‘basic care’. The guidelines emphasise
the dual importance of using highly efficacious conventional GLDs (e.g.
metformin, sulphonylureas [SUs]) and newer organ-protective GLDs (i.
e. SGLT2is, GLP-1 RAs). These two strategies should be considered
complementary rather than mutually exclusive [6].

This expert opinion article discusses the key messages of the latest
IDF guidelines and their practical implications for achieving early gly-
caemic control and associated long-term cardiovascular-kidney protec-
tion, particularly in LMICs.

2. Methods
Five international diabetes experts (the authors) met at the IDF

World Diabetes Congress in Bangkok, Thailand in April 2025 to discuss
the 2025 IDF guidelines and their practical implications. Where
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appropriate, they referred to other guidelines for their relevance to
LMICs and under-represented individuals in high-income areas. Each
author conducted focused literature searches, identified key learning
points and provided comments on practice priorities. The present article
summarises key points from this meeting.

3. Key learnings from the latest guidelines
3.1. 2025 IDF guidelines

The 2025 IDF guidelines provide global recommendations for T2D
management, recognising that around 80% of adults with T2D live in
LMICs and do not have access to all GLDs and organ-protective therapies
(Table 1) [6]. Indeed, only 4.6% of individuals with T2D in LMICs have
access to all recommended treatments (i.e. all pharmacological and
nonpharmacological treatments) [28]. Recognising ongoing efforts to
address global disparities in healthcare access, these updated guidelines
provide two concurrent standard-of-care options: ‘optimal care’ or ‘basic
care’ (Fig. 1) [6]. In either option, treatment must be optimised to safely
and effectively control blood glucose levels and reduce the risks of
microvascular and macrovascular complications.

Metformin is recommended as the foundation therapy in both
‘optimal’ or ‘basic’ care (Table 2). This is applicable to newly diagnosed
and treatment-experienced individuals with suboptimal glycaemic
control, irrespective of their cardiovascular-kidney disease risk [6].
People with T2D require lifestyle modification and metformin-based
combination therapy to achieve early glycaemic control with addition
of GLP-1 RAs or SGLT2is, depending on the presence of complications. In
newly diagnosed people with T2D and obesity, GLP-1 RAs plus met-
formin can be considered part of optimal care (when available/afford-
able) or SGLT2is plus metformin as part of basic care. People with

Table 1
Key points of the 2025 IDF global clinical practice recommendations [6].

Key point Description

Reduces microvascular and
macrovascular complications

Good glycaemic control is crucial

Early and intensive glycaemic control
has lasting benefits

Glycaemic control and organ
protection must be balanced

Multifactorial treatment is key for
reducing cardiovascular-kidney risk

Treatment must be individualised

Metformin recommended as first-line
monotherapy and cornerstone of
combination therapy

SGLT2is and GLP-1 RAs should not be
used as first-line monotherapy

SUs remain an important treatment
option

Initial intensive combination therapy
may be beneficial

Induces remission, delays treatment
escalation and reduces life-time risk of
complications

The organ-protective effects of new
GLDs over conventional GLDs have not
been proven in individuals with low
cardiovascular-kidney risk

A structured multi-pillar approach is
recommended that integrates both
conventional and newer GLDs to
improve cardiovascular-kidney
outcomes

Consider each individual's
complications, disease duration, body
weight, access to healthcare,
hypoglycaemia risk, cognitive-
psychosocial behavioural status, life
expectancy and support
Recommended as part of ‘optimal” and
‘basic’ standard of care

Recommended as part of combination
therapy in individuals with
cardiovascular-kidney risk factors
Gliclazide and glimepiride have high
efficacy in glucose lowering, with better
safety profiles and neutral or superior
cardiorenal effects than other SUs

Can increase the durability of glycaemic
control vs stepwise treatment
intensification

GLD, glucose-lowering drug; GLP-1 RA, glucagon-like peptide-1 receptor
agonist; IDF, International Diabetes Federation; SGLT2i, sodium-glucose
cotransporter-2 inhibitor; SU, sulphonylurea.
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OpPTIMAL CARE
Sets the standard for evidence-based

care that is the ideal aim for all
healthcare systems
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BAsic CARE
Aims to achieve the main objectives of
‘Optimal Care’ but is provided in a
limited-resource healthcare setting

Evidence-based care and prevention

Evidence-based care and prevention

DEFINITION provided in well-resourced settings adapted for resource-constrained settings
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\_ approach with best available care j

Fig. 1. Standard-of-care options in the 2025 IDF global clinical practice recommendations [6]. HCPs, healthcare providers; IDF, International Diabetes Federation;

T2D, type 2 diabetes mellitus.

cardiovascular-kidney complications at diagnosis should receive GLP-1
RAs or SGLT2is in addition to metformin as part of optimal care, with
SGLT2is being the preferred GLD in individuals with HF. In individuals
without complications, metformin plus a second GLD (e.g. SU, SGLT2i or
dipeptidyl peptidase 4 inhibitor [DPP4i]), can be used as part of basic
care to achieve early glycaemic control and delay treatment escalation
[6].

In treatment-experienced people with obesity and poorly controlled
T2D, addition of GLP-1 RA to metformin is recommend as part of
optimal care [6]. For basic care, the guidelines suggest adding an SGLT2i
or any other available GLD to metformin. A preferred GLD is not spec-
ified, although metformin plus SGLT2i is prioritised. If SGLT2is are
unavailable, ineffective or not well tolerated, any GLD can be added. In
people receiving multiple GLDs with suboptimally controlled T2D,
addition of SGLT2i or any available GLD (including insulin) is recom-
mended. For optimal care in individuals with cardiovascular-kidney
complications, SGLT2i or GLP-1 RA may be considered. It is important
to emphasise that many individuals with complications have long-
standing T2D accompanied by p-cell failure, and are receiving multiple
GLDs and other organ-protective drugs. For example, the Dapagliflozin
Effect on Cardiovascular Events-Thrombolysis in Myocardial Infarction
58 (DECLARE-TIMI 58) cardiovascular outcome trial (CVOT) demon-
strated a lower risk of cardiovascular death or HF hospitalization with
dapagliflozin versus placebo in 17,160 individuals with T2D and
established atherosclerotic CVD (ASCVD; 40.6%) or multiple risk factors
for ASCVD (59.4%) [29]. In DECLARE-TIMI 58, baseline GLDs included
metformin in 82% of participants, SUs in 43% and insulin in 41%, while
cardiovascular therapy included renin-angiotensin-aldosterone system
inhibitors (RAASis) in 81% and lipid-lowering therapy (statins or eze-
timibe) in 75% [29]. Thus, SGLT2i are favoured in people with T2D with
established HF or CKD or at high risk of cardiovascular-kidney disease
[6]. In individuals receiving basic care, addition of SGLT2i or any
available GLD (including insulin) should be used to improve glycaemic
control [6].

The guidelines recognise that 43% of the global T2D population have
obesity and that a 1-kg body weight reduction can improve HbAlc by

0.1% (1 mmol/mol) [6]. Further, they emphasise the use of ethnicity-
relevant BMI and waist circumference to define obesity. When select-
ing treatment for weight management, the guidelines recognise the
benefits of metabolic surgery or incretin-based therapy (e.g. GLP-1 RA)
for optimal care, while noting the poor accessibility, affordability and
sustainability of these agents in LMICs [6].

In contrast with the ADA guidelines, which state that all SUs carry a
risk of weight gain [30], the IDF guidelines recognise that not all SUs
carry this adverse effect [6]. Data from the ADVANCE and Cardiovas-
cular Outcome Study of Linagliptin vs Glimepiride in Type 2 Diabetes
(CAROLINA) studies showed that gliclazide and glimepiride, respec-
tively, were not associated with weight gain [31,32]. Weight gain
associated with SU was mainly due to older SUs (e.g. glibenclamide
[glyburide]) [11].

The latest IDF guidelines emphasise that newer SUs (e.g. glimepiride
and gliclazide) also have improved cardiovascular safety and a lower
hypoglycaemia risk than older SUs [6]. This is supported by a wealth of
evidence. In CAROLINA, glimepiride was associated with a similar
major adverse cardiovascular events (MACE) risk compared with the
DPP4i linagliptin [32]. In a real-world Scottish Diabetes Research
Network cohort, there was no increased risk of MACE or all-cause
mortality with second-line SU therapy (gliclazide, glimepiride, glipi-
zide or glibenclamide) versus DPP4i or thiazolidinedione (TZD) therapy
[33]. In a meta-analysis of 18 studies of individuals with T2D treated
with SU, those treated with gliclazide and glimepiride had the lowest
mortality risk [34].

The World Health Organization’s (WHO’s) list of essential medicines
only recommend gliclazide as the preferred SU agent and that gliben-
clamide should be avoided in individuals aged > 60 years [35]. Sul-
phonylureas with high-affinity for cardiac mitochondrial adenosine
triphosphate-sensitive potassium channels (glibenclamide and glipi-
zide) carry a greater MACE risk than low-affinity agents (gliclazide and
glimepiride) [36]. In a nationwide study in Denmark, when compared
with metformin, gliclazide was associated with similar risks of cardio-
vascular mortality, all-cause mortality or MACE, while other SUs (gli-
mepiride, glibenclamide, glipizide and tolbutamide) had increased risk
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Table 2
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Summary of pharmacological treatment recommendations for T2D management from the IDF [6], ADA [30] and ADA/EASD [5].

2025 IDF Global Clinical Practice
Recommendations [6]

ADA Standard of Care in Diabetes 2025
[30]

2022 ADA/EASD Consensus Report [5]

No CV-kidney
complications or
at low risk

With CV-kidney
complications or
at high risk

Newly diagnosed individuals

Metformin (optimal or basic care); combination
therapy with two GLDs is an option to overcome
therapeutic inertia and improve glycaemic
durability (optimal care)

With obesity:

Consider adding GLP-1 RA (optimal care) or
SGLT2i (basic care)

Treatment-experienced individuals

On metformin monotherapy:

Add SGLT2i (optimal care); Add SGLT2i or any
available GLD (basic care)

With obesity:

Add GLP-1 RA (optimal care)

On combination therapy:

Add SGLT2i or GLP-1 RA, or another GLD,
(including insulin as needed) if already taking
SGLT2i or GLP-1 RA (optimal care)

Add SGLT2i or any available GLD, including
insulin as needed (basic care)

Newly diagnosed individuals

Metformin plus SGLT2i (individuals with HF) or
GLP-1 RA (optimal care)

Metformin plus SGLT2i (basic care)
Treatment-experienced individuals

On metformin monotherapy:

Add SGLT2i or GLP-1 RA (optimal care)
Add SGLT2i or any available GLD, including
insulin as needed (basic care)

With obesity:

Add GLP-1 RA (optimal care)

Individuals on combination therapy:

Add SGLT2i or GLP-1 RA, or another GLD
(including insulin as needed) if already taking
SGLT2i or GLP-1 RA (optimal care)

Add SGLT2i or any available GLD, including
insulin as needed (basic care)

Choice of GLD should be informed by weight
management considerations, mitigation of
MASLD or MASH risk, and achievement and
maintenance of glycaemic goals

Metformin is commonly used in newly
diagnosed individuals and those needing
treatment intensification to achieve and/or
maintain treatment goals

Individuals at low ASCVD risk may benefit
from GLP-1 RA to reduce future risk of CV
events

With ASCVD:

Treatment should include GLDs with
demonstrated CV benefits (GLP-1 RA and/or
SGLT2i)

With HFpEF or HFrEF:
SGLT2i

With symptomatic HFpEF and obesity:
GLP-1 RA

With CKD:
SGLT2i (if eGFR is >20 mL/min/1.73 mz) or
GLP-1 RA

Individuals achieving glycaemic goals with
other GLDs may benefit from switching to
these preferred GLDs to reduce risk of ASCVD,
HF and/or CKD

Metformin or GLDs (including combination
therapy) that provide adequate efficacy to achieve
and maintain treatment goals

GLDs with very high (dulaglutide, semaglutide,
tirzepatide, insulin, combination oral therapy,
combination injectable therapy) or high (other
GLP-1 RAs, metformin, SGLT2i, SU, TZD) glucose-
lowering efficacy are recommended

With obesity:

Consider regimen with very high (semaglutide,
tirzepatide) or high (dulaglutide, liraglutide) dual
glucose-lowering and weight-loss efficacy

With ASCVD:
GLP-1 RA with proven CVD benefit or SGLT2i with
proven CVD benefit

With HF:
SGLT2i with proven HF benefit

With CKD:

SGLT2i with proven CKD benefit (preferred) or
GLP-1 RA with CVD benefit (if SGLT2i not
tolerated or contraindicated)

ADA, American Diabetes Association; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease;
EASD, European Association for the Study of Diabetes; eGFR, estimated glomerular filtration rate; GLD, glucose-lowering drug; GLP-1 RA, glucagon-like peptide 1
receptor agonist; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; IDF, International
Diabetes Foundation; MASH, metabolic function-associated steatohepatitis; MASLD, metabolic function-associated steatotic liver disease; SGLT2i, sodium-glucose
cotransporter 2 inhibitor; SU, sulphonylurea; T2D, type 2 diabetes mellitus; TZD, thiazolidinedione.

[37]. A systematic review and meta-analysis of nine RCTs reported
similar risks of all-cause mortality amongst individuals with T2D treated
with metformin plus SUs versus their counterparts treated with met-
formin plus SGLT2is [38].

3.2. ADA standards of care in diabetes

Similar to the IDF guidelines, the 2025 ADA guidelines recommend
first-line metformin treatment in individuals with T2D (Table 2). In
contrast to the IDF guidelines, this ADA recommendation applies mainly
to individuals with ASCVD, HF or CKD [30]. In individuals with estab-
lished ASCVD, HF and/or CKD or high cardiovascular risk, SGLT2is or
GLP-1 RAs are prioritised for their organ-protective effects, while rec-
ognising that GLP-1 RAs may also reduce the risk of future cardiovas-
cular events in individuals at lower risk for ASCVD [30]. However, it
should be noted that the majority of individuals with T2D do not have
cardiovascular-kidney complications and, therefore, do not meet the

ADA criteria for first-line SGLT2i or GLP-1 RA therapy [39].

The 2025 ADA treatment algorithm advocates for regular assessment
of risk factors and a multidisciplinary approach to improve care stan-
dards aimed at preventing complications and improving quality of life
[40]. In addition to lifestyle modification and self-management, optimal
control of blood glucose, blood pressure (BP), lipids and body weight
forms the four pillars of T2D management with an emphasis on indi-
vidualised treatment [30]. In individuals who have not achieved their
individualised body weight goals, affordable treatments to promote
weight loss should be made available to avoid high out-of-pocket
expenses.

The guidelines provide an overview of the efficacy, safety, potential
benefits and costs of each GLD class [30]. Metformin and SUs have high
glucose-lowering efficacy (reducing HbAlc by 1.0-2.0% [11-22 mmol/
mol]), with insulin providing greater HbAlc reductions [41]. These
three GLDs, which have been used for decades, are the fundamental
tools for achieving glycaemic control. In all CVOTs of SGLT2is and GLP-
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1 RAs, the majority of participants were treated with these background
GLDs and other organ-protective drugs (i.e. statins and RAASis), with
the newer GLDs conferring additional organ-protective effects
[29,42-48]. Although rare, SGLT2is may be associated with an
increased risk of stress hyperglycaemia and diabetic ketoacidosis (DKA)
in people with T2D who have insulin deficiency [30]. Therefore, the
guidelines recommend discontinuing SGLT2i therapy prior to scheduled
surgery and during prolonged fasting or acute critical illness to mitigate
the risk of SGLT2i-related DKA [30]. In these clinical scenarios, short-
term glycaemic control should take priority over long-term organ
protection.

The guidelines recognise that SUs have high glucose-lowering effi-
cacy and neutral cardiovascular-kidney effects, albeit with increased
risks of hypoglycaemia and weight gain [30]. For hypoglycaemia risk,
the guidelines differentiate newer generation SUs with low-to-moderate
risk (e.g. glimepiride, glipizide) from older generation SUs with
moderate-to-high risk (e.g. glibenclamide) [49]. These recommenda-
tions were partly based on real-world evidence from the DIA-RAMADAN
study [50], where individuals treated with gliclazide modified release
had a lower risk of hypoglycaemia during Ramadan than those treated
with glibenclamide [50]. Gliclazide is widely used in many countries
[51,52], except in the US, where only glipizide, glimepiride and gli-
benclamide are available [53]; thus, gliclazide is not mentioned in the
ADA guidelines. The cardiovascular safety and high glucose-lowering
efficacy of SUs (particularly gliclazide) [32-34] support their
continued use alongside metformin as the most affordable and available
GLDs, especially in LMICs.

3.3. ADA/EASD consensus report

In contrast to the IDF guidelines, the 2022 ADA and European As-
sociation for the Study of Diabetes (EASD) consensus report states that
GLDs other than metformin may be appropriate as first-line treatment in
some individuals with T2D (Table 2) [5]. The ADA/EASD consensus
states that SGLT2is and GLP-1 RAs should be considered independent of
metformin in individuals with high cardiovascular risk or established
CVD, HF or CKD. Metformin is not recommended in individuals with
reduced kidney function (estimated glomerular filtration rate [eGFR] <
30 mL/min/1.73 m?) and the dose should be reduced in those with an
eGFR of < 45 mL/min/1.73 m? [5].

The consensus report concludes that SUs have high glucose-lowering
efficacy, albeit with a less durable effect on glycaemic control and
increased risk of hypoglycaemia and weight gain compared with other
GLDs [5]. The report also recognises that SUs are not associated with an
increased risk of CVD or all-cause mortality, and emphasises weight
management as part of a holistic approach to T2D management. It
highlights that the CVOTs have informed broader recommendations in
individuals with established complications or at high risk of
cardiovascular-renal complications [5]. The report also acknowledges
that many individuals do not achieve HbAlc, BP and lipid targets,
partially because of therapeutic inertia (i.e. failure of healthcare pro-
viders to initiate or intensify treatment when indicated [54]). Taking
therapeutic inertia and treatment non-adherence into account, the
importance of GLD combination therapy is highlighted, including fixed-
ratio combinations (FRCs) of GLP-1 RA with basal insulin and fixed-dose
combinations (FDCs) of SGLT2i plus SU, which can reduce regimen
complexity and treatment burden [5]. The lower dose of each drug in the
FRC or FDC also reduces risk of hypoglycaemia and other adverse effects
compared with higher doses of separate GLDs [5].

4. Early and intensive glycaemic control

Intensive and early glycaemic control is associated with a reduced
risk of non-fatal myocardial infarction (MI), microvascular outcomes (e.
g. nephropathy, retinopathy) and MACE, as demonstrated by a system-
atic review and meta-analysis of 11 RCTs [19]. In a regression analysis of
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GLP-1 RA CVOT data, there was a near-linear relationship between
HbAlc reductions and MACE incidence [55]. In the US Diabetes and
Aging Study, mean HbAlc during the first year of treatment predicted
the 10-year risk of macrovascular and microvascular complications,
with prolonged exposure to high HbAlc being associated with an
increased risk of complications in a stepwise manner [56]. Elevated
HbA1c was also associated with worse microvascular and macrovascular
outcomes in the UKPDS and the Diabetes Unmet Need with Basal Insulin
Evaluation (DUNE) trial [57,58].

In the UKPDS, intensive glycaemic control with insulin plus SU
versus usual care reduced microvascular complications in individuals
with newly diagnosed T2D (Fig. 2) [11]. In the 10-year post-trial follow-
up analysis, the legacy effect of intensive glycaemic control translated
into a reduced risk of macrovascular complications, mainly attributed to
a reduction in MI events [10]. At 24 years after completion of UKPDS,
these legacy effects were consistent and sustained, with significant re-
ductions in all diabetes-related complications, MI, microvascular disease
and all-cause mortality [18]. In a retrospective database analysis, in-
dividuals with HbAlc > 7.0% (>53 mmol/mol) who did not receive
treatment intensification within 1 year of diagnosis (26% of cohort) had
increased risk of cardiovascular events, including MI, stroke and HF,
after 5.3 years compared with their counterparts who received treat-
ment intensification within the first year [59].

In ACCORD, ADVANCE and VADT, which enrolled individuals with
longer duration of T2D (about 10 years), intensive glycaemic control
was associated with a reduced risk of microvascular complications but
not cardiovascular events [12-17]. These differences in individuals with
longer disease duration emphasise the benefits of early and intensive
glycaemic control for long-term organ protection. In a subgroup analysis
of ADVANCE, intensive glycaemic control with gliclazide reduced the
risk of vascular events and all-cause mortality regardless of age at
diagnosis (<50, >50 to < 60 or > 60 years) or disease duration (<5, >5
to <10 or > 10 years) [31].

5. Benefits of early multifactorial treatment

The complementary mechanism of actions of different GLD classes
contribute to their beneficial effects as part of combination therapy on
clinical outcomes [9,60]. CVOTs using SGLT2is [29,42,43] and GLP-1
RAs [44-48] confirmed the organ-protective effects of these agents in
individuals with established ASCVD, CKD or multiple risk factors.
However, earlier RCTs demonstrated the benefits of intensive glucose-
lowering therapy (mainly with metformin, SU, TZD and insulin)
versus standard care in individuals with a shorter disease duration and
fewer diabetes-related complications [12-17]. These earlier RCTs had
considerably longer durations than the CVOTs of SGLT2is or GLP-1 RAs
and had outcomes that encompassed macrovascular and microvascular
complications. In the more recent CVOTs, which did not comprehen-
sively assess microvascular complications, participants had long-
standing T2D with cardiovascular-kidney complications and were
receiving multiple GLDs at recruitment, including metformin, SUs,
DPP4is and insulin, with fair HbA1lc control, along with drugs for control
of BP and lipids, notably statins and RAASis (Fig. 3) [29,42-48,61,62].
Given the organ-protective effects of HbAlc reduction [55], the
improved cardiovascular outcomes in the CVOT setting were likely due
to the combined effects of both background conventional GLDs and
newer organ-protective GLDs, emphasising the importance of GLD
combination therapy.

In the Steno-2 RCT, intensive multifactorial management of in-
dividuals with T2D and microalbuminuria for 8 years provided long-
term benefits after 21 years’ follow-up, with reduced risks of ASCVD
and end-stage kidney disease and increased survival (Fig. 2) [63-66].
The benefits of multifactorial risk factor control in reducing the risk of
cardiovascular, end-stage kidney disease and mortality among in-
dividuals with newly diagnosed T2D have also been reported in routine
clinical practice [67].
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UKPDS

Intensive vs standard therapy in people with

Diabetes Research and Clinical Practice 234 (2026) 113173

Steno 2

Multifactorial intensive vs standard therapy in

newly diagnosed T2D

Any diabetes-related endpoint?
SU + insulin: HR 0.91; 95% CI 0.83, 0.99
Metformin: HR 0.79; 95% Cl 0.66, 0.95

All-cause mortality
SU +insulin: HR 0.87; 95% C1 0.79, 0.96
Metformin: HR 0.73; 95% Cl 0.59, 0.89
Ml events
SU +insulin: HR 0.85; 95% CI 0.74, 0.97
Metformin: HR 0.67; 95% Cl 0.51, 0.89
Microvascular disease?
SU +insulin: HR 0.76; 95% Cl 0.64, 0.89
Metformin: HR 0.84; 95% Cl 0.60, 1.17

10-year post-trial follow-up

Any diabetes-related endpoint?

SU + insulin: HR 0.90; 95% CI 0.83, 0.98
Metformin: HR 0.82; 95% Cl 0.69, 0.98
All-cause mortality
SU + insulin: HR 0.90; 95% C1 0.83, 0.98
Metformin: HR 0.80; 95% Cl 0.68, 0.95

Ml events
SU +insulin: HR 0.83; 95% CI1 0.74, 0.94
Metformin: HR 0.69; 95% Cl 0.54, 0.88
Microvascular diseaseP

SU +insulin: HR 0.74; 95% Cl 0.64, 0.86
Metformin: HR 0.91; 95% Cl 0.67, 1.24

24-year post-trial follow-up

people with T2D and microalbuminuria

CVD events®
HR 0.55; 95% Cl 0.39, 0.77
CV mortality
HR 0.38; 95% CI 0.19, 0.75
All-cause mortality
HR 0.55; 95% CI 0.36, 0.83
Progression of retinopathy
HR 0.67; 95% Cl 0.51, 0.89
Autonomic neuropathy
HR 0.59; 95% Cl 0.40, 0.89
Peripheral neuropathy
HR 1.12; 95% CI 0.71, 1.77
ESKD
HR 0.36; 95% C1 0.12, 1.05

21-year post-trial follow-up

ESKD or all-cause mortality
HR 0.53; 95% Cl 0.35, 0.81
ESKD or CV mortality
HR 0.35; 95% CI 0.19, 0.65

Fig. 2. Key studies showing the legacy effects of intensive versus standard glycaemic control in people with newly diagnosed T2D in the UKPDS [10,18] and the long-
term benefits of multifactorial management of people with T2D and microalbuminuria in the Steno 2 study [65,66]. *Composite outcome of sudden death, death from
hyperglycaemia or hypoglycaemia, fatal or non-fatal MI, angina, HF, fatal or non-fatal stroke, renal death, renal failure, death from peripheral vascular disease,
amputation, vitreous haemorrhage, retinal photocoagulation, blindness in one eye or cataract extraction. >Composite outcome of vitreous haemorrhage, retinal
photocoagulation, renal death or renal failure. “Composite outcome of death from CV causes, MI, stroke, amputation due to ischaemia and cardiac or peripheral
vascularisation. CI, confidence interval; CV, cardiovascular; CVD, cardiovascular disease; ESKD, end-stage kidney disease; HF, heart failure; HR, hazard ratio; MI,
myocardial infarction; SU, sulphonylurea; T2D, type 2 diabetes mellitus; UKPDS, United Kingdom Prospective Diabetes Study.

Despite the confirmed benefits of multifactorial management, low
proportions of individuals with T2D in the Indian Council of Medical
Research (ICMR)-India Diabetes (INDIAB) study achieved target HbAlc,
BP and low-density lipoprotein-cholesterol (LDL-C) — often known as the
ABC goals — thereby contributing to their high cardiovascular risk [68].
In this national multi-centre survey, in which ABC goals were defined as
HbAlc < 7.0% (<53 mmol/mol), BP < 140/90 mmHg and LDL-C < 2.6
mmol/L, 36.3%, 48.8% and 41.5% of individuals achieved respective
treatment goals, while only 7.7% of individuals with T2D achieved all
three goals [68].

In the ICMR-INDIAB study, 101 million individuals were estimated
to have diabetes in India in 2021, with the majority having T2D [69]. In
LMICs with large diabetes populations, such as India, medication
affordability is a key enabler to achieving ABC goals. Using India as an
example, use of newer GLDs like GLP-1 RAs requires out-of-pocket ex-
penses as high as 70% [70]. Given their proven therapeutic and cost
effectiveness, SUs and metformin remain the cornerstone of T2D treat-
ment in most LMICs. With the recent inclusion of SGLT2is (empagli-
flozin, canagliflozin, dapagliflozin) and GLP-1 RAs (semaglutide,
dulaglutide, liraglutide, tirzepatide) in the 2025 WHO’s essential drug
list [35], payors and providers must ensure that these organ-protective
GLDs are made available to individuals in LMICs and under-served in-
dividuals in high-income areas.

6. Therapeutic inertia

Despite the benefits of early glycaemic control, treatment intensifi-
cation is often delayed in individuals with T2D [71,72]. In the global
DISCOVER study, 36% of individuals from South-East Asia and 33.9%
from Eastern Mediterranean region had HbAlc > 9.0% (>75 mmol/
mol) before initiation of their second GLD [72]. Therapeutic inertia in
T2D management has a ‘dysglycaemic legacy’ effect, with long-term
hyperglycaemia driving an increased risk of cardiovascular-kidney
complications. In the US Diabetes and Aging cohort, delayed treat-
ment intensification by 2-7 years in individuals with HbAlc > 8.0%
(>64 mmol/mol) was associated with increased risks of microvascular
and macrovascular events and mortality compared with individuals
with HbAlc < 6.5% (<48 mmol/mol) during the same periods [56].

Taken together, early, intensified and multifactorial management of
T2D from the time of diagnosis is needed to optimise HbAlc, BP and
LDL-C goals and provide long-lasting benefits. This includes the appro-
priate use of conventional GLDs (e.g. metformin, SUs, insulin), newer
organ-protective GLDs (i.e. SGLT2is, GLP-1 RAs) and other organ-
protective treatments (e.g. statins, RAASis), as well as self-
management education and an effective support programme [9,73,74].
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Fig. 3. Proportion of participants receiving baseline GLD and BP- and lipid-lowering medications in CVOTs of SGLT2is [29,42,43] and GLP-1 RAs [44-48,61,62].
3Statins or ezetimibe. "Any lipid-lowering therapy. BP, blood pressure; CVOT, cardiovascular outcomes trial; GLD, glucose-lowering drug; GLP-1 RA, glucagon-like
peptide-1 receptor agonist; QD, once daily; QW, once weekly; RAASi, renin-angiotensin-aldosterone system inhibitor; SGLT2i, sodium-glucose cotransporter 2

inhibitor; SU, sulphonylurea.

7. Strategies to optimise adherence and reduce therapeutic
inertia

In the IDF guidelines, the recommended ABC goals are more strin-
gent than those used in the ICMR-INDIAB study: HbAlc < 7.0% (<53
mmol/mol), BP < 130/80 mmHg and LDL-C < 2.6 mmol/L (for low-to-
moderate CVD risk), <1.8 mmol/L (for high CVD risk) and < 1.4 mmol/
L (for very high CVD risk) [6]. To achieve each of these goals, two or
more medications are often needed. This increased pill burden can lead
to poor treatment adherence [75]. In the International Diabetes Man-
agement Practices Study, one in three individuals with T2D reported
non-adherence to treatment [76]. Multiple medications and long dura-
tion of treatment were associated with low scores on the ACCEPTO
questionnaire (indicating lower overall acceptance) [76]. Simplifying
treatment regimens, including the use of single-pill FDCs or single-
injection FRCs, may help overcome therapeutic inertia to escalate
treatment, reduce medication burden and increase treatment adherence.
In a systematic review of polypharmacy for chronic medical conditions,
FDC use was associated with 30% increased adherence compared with
equivalent doses of individual drugs [77]. In the PolyIran pragmatic
cluster-randomised study in almost 7000 individuals (15% with pre-
existing diabetes, 11% with CVD and 49% with hypertension), treat-
ment with a four-component combination pill consisting of aspirin, a
RAAS:I (enalapril or valsartan), diuretic (hydrochlorothiazide) and statin
(atorvastatin) reduced the incidence of both primary and secondary
MACE compared with usual care [78].

8. Conclusions
The ADA and ADA/EASD guidelines for T2D management focus on

the use of organ-protective GLDs in individuals with T2D and estab-
lished ASCVD or CKD. On the other hand, the 2025 IDF guidelines

emphasise a global perspective that recognises that newer organ-
protective GLDs, particularly GLP-1 RAs, are either not available or
not affordable in many LMICs. Depending on setting and resources, the
2025 IDF guidelines recommend either ‘optimal’ or ‘basic’ care in peo-
ple with T2D, both of which represent transitional stages of treatment.
The IDF guidelines highlight the importance of early intensive multi-
factorial intervention, including control of HbAlc, BP and LDL-C, for
long-term cardiovascular-kidney protection. Treatment regimens should
be modified to meet to the individual patient’s needs, with dual
emphasis on glycaemic control and organ protection, while taking
affordability into consideration. Early and intensive glycaemic control
using combination rather than sequential GLD therapy is particularly
important in individuals with short disease duration and few compli-
cations. Early initiation of FDCs or FRCs may reduce therapeutic inertia,
increase glycaemic durability, delay the onset of complications and
avoid the need for future treatment escalation. Although early use of
SGLT2is and GLP-1 RAs is supported by RCTs, there is insufficient evi-
dence to recommend their use as first-line monotherapy in low-risk in-
dividuals with T2D, for whom metformin and SUs (particularly
gliclazide and glimepiride) remain an important GLD option, especially
in LMICs.
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