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Abstract
The management of type 2 diabetes continues to evolve with the historical glucocentric nature of care, paving the 
way toward more holistic and comorbidity-based management largely due to the advent of newer medications and 
trial data. Clinicians need to be aware that an understanding of not only the current treatment landscape but also 
the future developments in care and therapy is required in order to understand the best options for the 
management of their patients. This article will discuss current perspectives in the pharmacological management of 
type 2 diabetes, largely focusing on recent trial developments and associated future trials and molecules that may 
impact type 2 diabetes care in the near future.

Keywords: Type 2 diabetes, pharmacotherapy, cardiovascular disease, multimorbidity

INTRODUCTION
The last ten years have witnessed a shift in the care and management of people with type 2 diabetes, largely 
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driven by the advent of novel medication classes such as sodium-glucose co-transporter inhibitors (SGLT2s) 
and Glucagon-Like Peptides receptor agonists (GLP-1s); recent data and guidelines have even questioned 
the glucocentric nature of diabetes management. While the current treatment options provide many 
considerations for the person with type 2 diabetes, it does pose questions as to where do the existing 
therapies sit. Additionally, as data continue to arrive, the increasing burden of multimorbidity in those with 
type 2 diabetes and new molecules being developed, one must consider the impact and future landscape of 
type 2 diabetes care.

This article will highlight the recent advances in the pharmacological management of type 2 diabetes, 
current perspectives, future considerations of comorbidities, and therapeutic options. It will largely focus on 
non-insulin therapies except in certain settings.

CURRENT LANDSCAPE
Up until relatively recently, type 2 diabetes management centered around Hba1c lowering and 
cardiovascular risk factor management. Recent cardiovascular outcome trials, as mandated by the Food and 
Drug Administration, resulted in evidence of superiority in some medications within the SGLT2 and GLP-1 
RA classes for cardiovascular outcomes[1]. Additionally, benefits in heart failure hospitalization reduction 
and renal outcomes (in the setting of SGLT2s) have resulted in a shift in guidelines from being glucose-
centered (glucocentric) to highlighting cardiovascular disease and CV risk assessment at the onset of any 
management considerations. One of the first diabetes-specific guidelines to focus on this was the joint 
American Diabetes Association and the European Association for the Study of Diabetes (ADA-EASD) 
guidelines which incorporated cardiovascular risk assessment as part of the initial management (following 
metformin, dietary and lifestyle advice)[2]. However, even these guidelines appear to have now progressed, 
with the most recent draft guidelines (2022) highlighting CV risk assessment independent of glucose 
lowering[3].

The low Numbers Needed To Treat (NNT) of SGLT2 inhibitors and the multitude of beneficial effects were 
so apparent that the National Institute for Clinical Excellence (NICE), long known to champion the balance 
between cost-effectiveness and clinical effectiveness, has now also included SGLT2s as a first-line therapy 
irrespective of Hba1c level in those with established ASCVD or heart failure or high cardiovascular risk[4,5]. 
While these guidelines highlight the use of SGLT2s, they fall short of recommending dual initiation directly 
but suggest separate consideration. As the development of SGLT2s and incretins continues, the role of 
traditional medications remains under debate. While data from UKPDS and multiple metanalyses show that 
metformin remains a key agent in the treatment of type 2 diabetes, its role in the modern management of 
cardiovascular disease specifically is starting to diminish compared to the stronger evidence base for 
SGLT2s and GLP-1s in this area[6]. However, its role in a pure glucocentric sense remains in most, if not all, 
guidelines.

With the move towards these newer therapies, one might question the role of the other ‘traditional’ 
medications in the modern and future management of Type 2 Diabetes Mellitus. This will be discussed in 
more detail in the article with reference to more recent trials of medications as seen in[Table 1].

ROLE OF SULPHONYLUREAS, THIAZOLIDINEDIONES, AND DIPEPTIDYL PEPTIDASE-4 
INHIBITORS
Sulphonylureas are moving further out of favour in many places due to the rise of medications with 
extraglycaemic benefits and lesser side effect profiles, specifically lower hypoglycaemia risk and weight 
neutrality or reduction. The risk of hypoglycaemia in diabetes is well known and the impact on 
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Table 1. An overview of key trials as discussed in the article focussing on medication type, primary outcome and key findings

Trial Medication Overview Primary outcome Main Result

VERIFY DPP4i (vildagliptin) + 
metformin

Assessment of early combination 
therapy with 
vildagliptin/metformin vs. 
monotherapy 

Treatment failure (defined as 
HbA1c measurement of at 
least 53 mmol/mol (7.0%) at 
two consecutive scheduled 
visits, 13 weeks apart from 
randomisation 

Reduction in relative risk for time 
to initial treatment failure in the 
early combination treatment group 
vs monotherapy group over the 5-
year study duration (hazard ratio 
0.51 [95%CI: 0.45-0.58]; P < 
0.0001)

TRIMASTER DPP4i (sitagliptin), 
pioglitazone, SGLT2i 
(canagliflozin)

Three-way crossover trial 
assessing patient preference and 
glycaemic lowering as third-line 
therapy

HbA1c after 4 months of 
therapy (allowing a range of 
12-18 weeks for analysis)

HbA1c on pioglitazone 59.5 
sitagliptin 59.9, canagliflozin 60.5 
mmol/mol, P = 0.19). 115 patients 
(25%) preferred pioglitazone, 158 
patients (35%) sitagliptin, and 175 
patients (38%) canagliflozin. The 
drug preferred by individual 
patients was associated with a 
lower HbA1c (mean: 4.6; 95%CI: 
3.9, 5.3) mmol/mol versus 
nonpreferred) 

GRADE SU (glimepiride), 
DPP4i (sitagliptin), 
GLP-1 RA (liraglutide), 
insulin (glargine)

Comparing 4 commonly used 
medications in combination with 
metformin on glucose lowering 
and patient-centered outcomes

Time to primary failure - Hba1c 
>= 7% (53 mmol/mol)

Rates of treatment failure with 
glargine (26.5 per 100 participant-
years) and liraglutide (26.1) lower 
than those with glimepiride (30.4) 
and sitagliptin (38.1). (P < 0.001)

DAPA- CKD SGLT2i dapagliflozin Assessment of dapagliflozin vs 
placebo in those with CKD (eGFR 
25-75 ml/min/1.73m2 and uACR 
200-5,000 mg/g) with or without 
T2DM

A composite of sustained 
decline in eGFR of at least 
50%, end-stage kidney 
disease, or death from renal or 
cardiovascular causes

197 participants (9.2%) in the 
dapagliflozin group and 312 
participants (14.5%) in the placebo 
group (hazard ratio, 0.61; 95% 
confidence interval, 0.51 to 0.72; P 
< 0.001) 

CREDENCE SGLT2icanagliflozin Assessment of canagliflozin 100 
mg in patients with T2DM, 
albuminuria (200-5,000 mg/g), 
and CKD (eGFR 30 to < 90 
mL/min/1.73 m2)

A composite of end-stage 
kidney disease (dialysis, 
transplantation, or a sustained 
estimated GFR of < 15 mL per 
minute per 1.73 m2), a doubling 
of the serum creatinine level, 
or death from renal or 
cardiovascular causes

Primary outcome 30% lower in the 
canagliflozin group than in the 
placebo group, with event rates of 
43.2 and 61.2 per 1,000 patient-
years (hazard ratio, 0.70; 95% 
confidence interval, 0.59 to 0.82; P 
= 0.00001)

EMPA 
KIDNEY

SGLT2i  
Empagliflozin

Assessment of empagliflozin 10mg 
in patients with CKD (eGFR 20-45 
ml/min/1.73 m2 or eGFR 45-90 
mL/min/1.73 m2 and uACR at 
least 200 mg/g) with or without 
T2DM

Composite of progression of 
kidney disease (defined as 
end-stage kidney disease, a 
sustained decrease in eGFR to 
< 10 mL per minute per 1.73 
m2, a sustained decrease in 
eGFR of ≥ 40% from baseline, 
or death from renal causes) or 
death from cardiovascular 
causes

432 of 3,304 patients (13.1%) in 
the empagliflozin group and in 558 
of 3,305 patients (16.9%) in the 
placebo group (hazard ratio, 0.72; 
95% confidence interval, 0.64 to 
0.82; P < 0.001)

CAROLINA DPP4i linagliptin vs 
sulphonylurea

Assessment of linagliptin vs. 
glimepiride on major adverse 
cardiovascular events in patients 
with T2DM and elevated CV risk 

Time to first occurrence of 
cardiovascular death, nonfatal 
myocardial infarction, or 
nonfatal stroke with the aim to 
establish non-inferiority of 
linagliptin vs glimepiride

56 of 3,023 participants (11.8%) in 
the linagliptin group and 362 of 
3,010 (12.0%) in the glimepiride 
group (HR, 0.98 [95.47%CI, 0.84-
1.14]; P  < 0.001 for non-inferiority) 
met the primary outcome, meeting 
the non-inferiority criterion but not 
superiority (P = 0.76)

PROACTIVE pioglitazone Assessment of pioglitazone on 
macrovascular morbidity and 
mortality in high-risk patients with 
T2DM

Composite of all-cause 
mortality, nonfatal myocardial 
infarction, stroke, acute 
coronary syndrome, 
endovascular or surgical 
intervention in the coronary or 
leg arteries, and amputation 
above the ankle

514 of 2,605 patients in the
pioglitazone group and 572 of
2,633 patients in the placebo group
had at least one event in the
primary composite endpoint (HR
0.90, 95%CI: 0.80-1.02, P =
0.095)

Primary outcome met in 175 of 
1939 patients (9.0%) in the 
pioglitazone group and 228 of 
1,937 (11.8%) in the placebo group 
(hazard ratio in the pioglitazone 

IRIS pioglitazone Assessment of pioglitazone in 
patients with a recent TIA or 
stroke and insulin resistance 
(based on HOMA-IR index)

Fatal or nonfatal stroke or 
myocardial infarction



Page 4 of Kalloo et al. Metab Target Organ Damage 2023;3:7 https://dx.doi.org/10.20517/mtod.2022.2619

group, 0.76; 95% confidence 
interval, 0.62 to 0.93; P = 0.007) 

DAPA-HF SGLT2i  
dapagliflozin

Assessment of dapagliflozin 10mg 
in patients with heart failure and 
reduced ejection fraction (</= 
40%) with or without T2DM

Composite of worsening heart 
failure (hospitalization or an 
urgent visit resulting in 
intravenous therapy for heart 
failure) or cardiovascular death

Primary outcome met in 386 of 
2,373 patients (16.3%) in the 
dapagliflozin group and 502 of 
2,371 patients (21.2%) in the 
placebo group (hazard ratio, 0.74; 
95% confidence interval [CI], 0.65 
to 0.85; P < 0.001). A first 
worsening heart failure event 
occurred in 237 patients (10.0%) 
in the dapagliflozin group and in 
326 patients (13.7%) in the 
placebo group (hazard ratio, 0.70; 
95%CI: 0.59 to 0.83). 

EMPEROR-
Reduced

SGLT2i Empagliflozin Assessment of empagliflozin 10mg 
in patients with heart failure and 
reduced ejection fraction (LVEF 
</= 40%) with or without T2DM

composite of cardiovascular 
death or hospitalization for 
worsening heart failure

361 of 1863 patients (19.4%) in the 
empagliflozin group and in 462 of 
1,867 patients (24.7%) in the 
placebo group (hazard ratio for 
cardiovascular death or 
hospitalization for heart failure, 
0.75; 95% confidence interval [CI], 
0.65 to 0.86; P < 0.001)

DELIVER SGLT2i Dapagliflozin Assessment of dapagliflozin 10mg 
in patients with heart failure and 
LVEF > 40%

Composite of worsening heart 
failure (which was defined as 
either an unplanned 
hospitalization for heart failure 
or an urgent visit for heart 
failure) or cardiovascular death

512 of 3,131 patients (16.4%) in the 
dapagliflozin group and in 610 of 
3,132 patients (19.5%) in the 
placebo group (hazard ratio, 0.82; 
95% confidence interval [CI], 0.73 
to 0.92; P < 0.001). Worsening 
heart failure occurred in 368 
patients (11.8%) in the 
dapagliflozin group and in 455 
patients (14.5%) in the placebo 
group (hazard ratio, 0.79; 95%CI: 
0.69 to 0.91)

EMPEROR-
Preserved 

SGLT2i Empagliflozin Assessment of empagliflozin 10 
mg in patients with heart failure 
and LVEF > 40%

Composite of cardiovascular 
death or hospitalization for 
heart failure

Primary outcome met in 415 of 
2,997 patients (13.8%) in the 
empagliflozin group and in 511 of 
2,991 patients (17.1%) in the 
placebo group (hazard ratio, 0.79; 
95% confidence interval [CI], 0.69 
to 0.90; P < 0.001). Total number 
of hospitalizations for heart failure 
lower in the empagliflozin group 
than the placebo group (407 with 
empagliflozin and 541 with 
placebo; hazard ratio, 0.73; 95% 
CI, 0.61 to 0.88; P < 0.001)

EMPULSE SGLT2i Empagliflozin Assessment of empagliflozin 10mg 
in patients hospitalized with acute 
heart failure

Clinical benefit, defined as a 
hierarchical composite of 
death from any cause, number 
of heart failure events and time 
to first heart failure event, or a 
5 point or greater difference in 
change from baseline in the 
Kansas City Cardiomyopathy 
Questionnaire Total Symptom 
Score at 90 days, as assessed 
using a win ratio

More patients treated with 
empagliflozin had a clinical benefit 
compared with placebo (stratified 
win ratio, 1.36; 95% confidence 
interval, 1.09-1.68; P = 0.0054)

Outcome of prevention showed 
organ dysfunction or death 
occurred in 70 patients (11.2%) in 
the dapagliflozin group, and 86 
(13.8%) in the placebo group 
(hazard ratio [HR] 0.80, 95%CI: 
0.58-1.10; P = 0.17).  
For the primary outcome of 
recovery, 547 patients (87.5%) in 
the dapagliflozin group and 532 
(85.1%) in the placebo group 
showed clinical status 
improvement, not statistically 

DARE-19 SGLT2i Dapagliflozin Assessment of dapagliflozin 10 mg 
in patients hospitalised with 
COVID-19 and with at least one 
cardiometabolic risk factor (i.e., 
hypertension, type 2 diabetes, 
atherosclerotic cardiovascular 
disease, heart failure, and chronic 
kidney disease)

Dual primary outcomes: 
prevention (time to new or 
worsened organ dysfunction or 
death) and the hierarchical 
composite outcome of 
recovery (change in clinical 
status by day 30)
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significant (win ratio 1.09, 95%CI: 
0.97-1.22; P = 0.14)

EMPA-
ELDERLY

SGLT2i Empagliflozin Assessment of the effects of 
empagliflozin in the elderly 
Japanese population (>/= 65 
years old) on body composition 
and glycaemic control and 
evaluation of effects on skeletal 
muscle mass, muscle strength and 
physical performance 

Change in HbA1c level from 
baseline at week 52. Secondary 
endpoints include changes 
from baseline to 52 weeks in 
body composition, including 
muscle mass and body fat, 
measured by bioelectrical 
impedance analysis, as well as 
skeletal muscle index, grip 
strength, and time in the five-
time chair stand test

Awaited 

CONFIDENCE MRA Finerenone vs 
SGT2i Empagliflozin

Assessment of dual therapy with 
finerenone and empagliflozin if 
superior to either agent alone in 
those with T2D, stage 2-3 CKD 
and a urine albumin:creatinine 
ratio (UACR) ≥ 300-< 5,000 
mg/g

To demonstrate that 6 months 
of dual therapy is superior for 
reducing albuminuria versus 
either agent alone

Awaited

FLOW GLP1-RA Semaglutide Assessment of the effects of once-
weekly semaglutide on renal 
outcomes in those with (eGFR) ≥ 
50 - ≤ 75 mL/min/1.73 m2 and
urine albumin-to-creatinine ratio 
(UACR) > 300-< 5,000 mg/g or 
eGFR ≥ 25- < 50 mL/min/1.73 m2 
and UACR > 100- < 5,000 mg/g 
and T2DM 

Time to first: kidney failure 
(persistent eGFR < 15 
mL/min/1.73 m2 or initiation of 
chronic kidney replacement 
therapy); persistent ≥ 50% 
reduction in eGFR; or death 
from kidney or CV causes

Awaited

D-LIFT GLP1-RA Dulaglutide Assessment of the effect of 
dulaglutide on liver fat content 
(LFC) in those with NAFLD and 
T2DM

Difference of the change in LFC 
from 0 (baseline) to 24 weeks 
between groups

Dulaglutide treatment resulted in 
an absolute change in LFC of -3.5% 
(95%CI: -6.6, -0.4; P = 0.025) and 
a relative change of -26.4% (-44.2, 
-8.6; P = 0.004), equating to a 2.6-
fold greater reduction

SURPASS 1 GIP/GLP1 RA 
Tirzepatide

Assessing the efficacy, safety, and 
tolerability of tirzepatide vs 
placebo in patients with T2DM 

Mean change in glycated 
haemoglobin (HbA1c) from 
baseline at 40 weeks

Mean HbA1c decreased from
baseline by 1.87% (20 mmol/mol)
with tirzepatide 5 mg, 1.89% (21
mmol/mol) with tirzepatide 10 mg,
and 2.07% (23 mmol/mol) with
tirzepatide 15 mg versus +0.04%
with placebo (+ 0.4 mmol/mol),
Estimated treatment differences
versus placebo of -1.91% (-21
mmol/mol) with tirzepatide 5 mg, -
1.93% (-21 mmol/mol) with
tirzepatide 10 mg, and -2.11% (-23
mmol/mol) with tirzepatide 15 mg
(all P < 0.0001)

Estimated mean changes from
baseline in the glycated
hemoglobin level were -2.01
percentage points, -2.24
percentage points, and -2.30
percentage points with 5 mg, 10
mg, and 15 mg of tirzepatide,
respectively, and -1.86 percentage
points with semaglutide;
Estimated differences between the
5- mg, 10 -mg, and 15 -mg
tirzepatide groups and the
semaglutide group were -0.15
percentage points (95%
confidence interval [CI], -0.28 to -
0.03; P = 0.02), -0.39 percentage
points (95%CI: -0.51 to -0.26; P <
0.001), and -0.45 percentage
points (95% CI, -0.57 to -0.32; P <
0.001), respectively.
Reductions in body weight were
greater with tirzepatide vs
semaglutide (least-squares mean

SURPASS 2 GIP/GLP1 RA 
Tirzepatide

Assessing the safety and efficacy 
of tirzepatide compared to 
semaglutide in those with T2DM

Change in the glycated 
hemoglobin level from baseline 
to 40 weeks
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estimated treatment difference, -
1.9 kg, -3.6 kg, and -5.5 kg, 
respectively; P < 0.001 for all 
comparisons) 

SURPASS 3 GIP/GLP1 RA 
Tirzepatide

Assessing the efficacy and safety 
of tirzepatide versus titrated 
insulin degludec in people with 
T2DM inadequately controlled by 
metformin with or without SGLT2 
inhibitors

Non-inferiority of tirzepatide 
10 mg or 15 mg, or both, versus 
insulin degludec in mean 
change from baseline in HbA1c 
at week 52

Reductions in HbA1c at week 52 
were 1.93% (SE 0.05) for 
tirzepatide 5 mg, 2.20% (0.05) for 
tirzepatide 10 mg, and 2.37% 
(0.05) for tirzepatide 15 mg, and 
1.34% (0.05) for insulin degludec. 
The non-inferiority margin of 0.3% 
was met.  
The estimated treatment 
difference (ETD) versus insulin 
degludec ranged from -0.59% to -
1.04% for tirzepatide (P < 0.0001 
for all tirzepatide doses)

SURPASS 4 GIP/GLP1 RA 
Tirzepatide

Assessing efficacy and safety 
(especially CV safety) of 
tirzepatide versus insulin glargine 
in adults with T2DM and high CV 
risk inadequately controlled on oral 
glucose-lowering medications

Non-inferiority (0.3% non-
inferiority boundary) of 
tirzepatide 10 mg or 15 mg, or 
both, versus glargine in HbA1c 
change from baseline to 52 
weeks

Mean HbA1c changes with 
tirzepatide were -2.43% (SD 0.05) 
with 10 mg and -2.58% (0.05) with 
15 mg, versus -1.44% (0.03) with 
glargine.  
The estimated treatment 
difference versus glargine was -
0.99% (multiplicity adjusted 
97.5%CI: -1.13 to -0.86) for 
tirzepatide 10 mg and -1.14% (-1.28 
to -1.00) for 15 mg

SURPASS 
CVOT

GIP/GLP1 RA 
Tirzepatide

Assessing the efficacy and safety 
of tirzepatide to dulaglutide in 
participants with type 2 diabetes 
and increased cardiovascular risk

Time to the first occurrence of 
death from cardiovascular 
(CV) causes, myocardial 
infarction (MI), or stroke
(MACE-3)

Awaited

ESSENCE GLP1-RA Semaglutide Assessing the safety and efficacy 
of semaglutide in biopsy-proven 
NASH and liver fibrosis

Resolution of NASH with no 
worsening of fibrosis

The percentage of patients in 
whom NASH resolution was 
achieved with no worsening of 
fibrosis was 40% in the 0.1 -mg 
group, 36% in the 0.2 -mg group, 
59% in the 0.4 -mg group, and 
17% in the placebo group (P < 
0.001 for semaglutide 0.4 mg vs. 
placebo).  
An improvement in fibrosis stage 
occurred in 43% of the patients in 
the 0.4 -mg group and in 33% of 
the patients in the placebo group (
P = 0.48)

SYNERGY-
NASH

GIP/GLP1 RA 
Tirzepatide

Assessing the safety and 
effectivity of tirzepatide as a 
treatment for Nonalcoholic 
Steatohepatitis (NASH)

Percentage of participants with 
an absence of NASH with no 
worsening of fibrosis on liver 
histology

Awaited

cardiovascular outcomes never fully abated, although the data from the CAROLINA trial which compared 
linagliptin with glimepiride and showed no differences in CV outcomes may reassure many with regards to 
sulphonylureas[7]. The role of sulphonylureas in the current landscape perhaps focuses on the management 
of hyperglycaemia, where insulin is not deemed necessary or where quick glucose lowering is required, 
including in some instances of steroid-induced hyperglycaemia[8,9]. From a global perspective, the low cost 
and efficacy in terms of glucose lowering still suggest a role in economies where cost is a key consideration 
and the role of sulphonylureas in maturity-onset diabetes of the young (MODY) remains[10].

Thiazolidinediones, specifically pioglitazone, may not be utilized as often as they once were, in part due to 
alternative options with lesser side effect profiles, but there are still some considerations for their use in type 
2 diabetes. Their effect on those with insulin resistance remains of note, with recent trials such as the 
TriMaster study identifying that in patients with BMI over 30 kg/m2, pioglitazone offered greater Hba1c 
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reductions than sitagliptin and was similarly tolerated by participants[11,12]. Other trials such as PRoACTIVE 
suggest there may be some benefit in CV disease - in this trial, pioglitazone compared to placebo resulted in 
a reduced composite endpoint of all-cause mortality, nonfatal myocardial infarction and stroke in patients 
with type 2 diabetes at high risk of macrovascular events[13]. Additionally, the Insulin Resistance 
Intervention after Stroke (IRIS) trial, which assessed patients with insulin resistance (based on HOMA-IR 
index), found those on pioglitazone had a lower risk of stroke or myocardial infarction[14]. However, given 
the stronger data for SGLT2s and GLP-1s in these areas, specifically with cardiac outcomes but less so with 
cerebrovascular (given the lack of clear benefit with SGLT-2 inhibitors on stroke outcomes and the 
secondary analyses of GLP-1 outcome trials), pioglitazone remains overlooked to some extent in recent 
guidelines.

One area where they remain an attractive option and perhaps have stronger data is in those with fatty liver 
disease. Data suggest that pioglitazone improves liver function tests, steatosis, inflammation and ballooning 
grade in those with pre-diabetes or diabetes and NAFLD[15]. Reversal of lipotoxicity with pioglitazone 
leading to significant histological improvement has the potential to modify the natural history of the disease 
and data also suggest potential benefit in non-diabetic patients - though that is beyond the scope of this 
article[16].With the recent increased awareness about the prevalence and impact of NAFLD in those with 
type 2 diabetes and suggestions for screening, it may be that in the near future the use of pioglitazone may 
increase. Though, with upcoming trials with incretin molecules in NAFLD (discussed below), there may be 
competition for pioglitazone in this area.

DPP4 inhibitors, the first oral medication after metformin that did not cause weight gain or increase 
hypoglycaemia risk, were accepted fairly well into clinical practice; however, they were also limited by their 
limitation beyond glucocentric efficacy and acquisitional cost. However, with patents due to expire for some 
DPP4 inhibitor molecules and together with data from the VERIFY trial highlighting benefits of dual 
initiation with metformin (higher percentage of participants achieving target Hba1c compared to 
monotherapy), the use of DPP4 inihibitors may start to rise. This may result in increased use of 
combination metformin/DPP4 as the first line for glucose lowering in order to rapidly achieve glycaemic 
targets, especially in countries where SGLT2s or the higher cost of GLP-1s limit their utilization. Currently, 
their role has been highlighted in those where hypoglyacemia is a concern, such as in the ADA-EASD 
consensus or, more specifically, in frail older adults where their reasonable efficacy balanced with the 
favourable side effect and tolerability profile make them an ideal consideration[18]. Although promising 
benefits, it must be noted that the US Food and Drug Administration has issued a warning about an 
increased risk of serious heart failure events for both saxagliptin and alogliptin; therefore, in the older 
individual, assessing such risks together with the choice of medication used should be considered[19].

SGLT2 INHIBITORS
SGLT2 inhibitors have changed the way type 2 diabetes has been managed, not just from a glycaemic 
perspective, but since the cardiovascular outcome trials showed benefits not just from composite 
cardiovascular outcomes but also secondary outcome findings of reductions in hospitalization for heart 
failure and prevention of deterioration in Egfr[20-22]. Recent trials such as DAPA-HF and EMPEROR-
Reduced have moved SGLT2s from solely glucose-lowering medications to heart failure medications 
(specifically reduced ejection fraction) with reductions in hospitalization for heart failure, improved quality 
of life and CV mortality[23,24]. Similar trials such as CREDENCE and DAPA-CKD have highlighted the 
benefits in chronic kidney disease (in those with and without type 2 diabetes) with prevention of eGFR 
deterioration and composite renal outcomes[25,26]. There is clear evidence for the class in heart failure and/or 
CKD; however, there remain a few considerations for SGLT2 inhibitors that may further develop.
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Heart failure with preserved ejection fraction
The use of SGLT2 inhibitors, although now established in reduced ejection fraction, still has not been fully 
confirmed in those with preserved ejection fraction. The first SGLT2 inhibitor trial to provide some 
evidence of potential benefit in HFpEF was the SOLOIST-WHF and SCORED trials involving sotagliflozin, 
a dual SGLT2/SGLT1 inhibitor - though both were terminated early and their primary endpoints were 
altered in the trial. The SOLOIST -WHF trial showed that regardless of ejection fraction < 50% or > 50%, 
sotagliflozin was associated with reductions in a composite of CV death, hospitalization for worsening heart 
failure, and urgent visits for heart failure (HR 0.67, P < 0.001)[27]. Additionally, pooled analysis from both 
trials looking at patients with preserved ejection fraction (LVEF > 50%) found that sotagliflozin was 
associated with benefit in terms of the primary outcome (HR 0.63, P = 0.009)[27] .

More recently, the Emperor Preserved trial compared empagliflozin 10mg to placebo in patients with 
preserved ejection fraction with and without type 2 diabetes. The primary outcome of cardiovascular 
mortality or hospitalization for heart failure was achieved with a hazard ratio of 0.73 (P < 0.001) though this 
was driven by the hospitalization for heart failure[28]. Additionally, Empagliflozin was associated with 
improvements in quality of life as assessed by the Kansas City Cardiomyopathy Questionnaire (KCCQ) 
scores, and this occurred regardless of baseline scores[29]. The lack of hard endpoints in terms of mortality 
benefit must be balanced against the benefits seen in reduced hospitalization and QOL, and this has been 
reflected in approval from the FDA and SmPC for chronic heart failure (irrespective of ejection 
fraction)[30-31]. It is worth noting that the benefits of empagliflozin were seen in those with ejection fraction < 
60%, which has led to a debate on what constitutes HFpEF and whether EF < 50% is just a continuum and 
given the benefits seen at higher EF with Empagliflozin, perhaps these classifications should be revised or 
re-considered when deciding therapy benefit[32].

This may be further explored with the Dapagliflozin Evaluation to Improve the LIVEs of Patients With 
PReserved Ejection Fraction Heart Failure (DELIVER) trial. This trial assessed the primary outcome of 
cardiovascular mortality or worsening heart failure with dapagliflozin 10mg in patients with heart failure 
and mildly reduced or preserved ejection fraction (LVEF > 40%) and was stopped early due to the 
achievement of its primary endpoint. The trial met its primary endpoint with an HR of 0.82 (CI 0.73-0.92, P 
< 0.001), largely driven by worsening heart failure (HR 0.79, CI 0.69-0.91)[33]. It is likely that soon SGLT2 
inhibitors will be considered in some form across the spectrum of reduced and preserved ejection fraction; 
however, there may be a review of classification and evidence-based benefit depending on ejection fraction 
given the variation in trial findings.

Inpatient initiation of SGLT2s
Although SGLT2 inhibitors have been largely outpatient-initiated medications, the overwhelming evidence 
of benefit and early benefit within weeks with regard to heart failure outcomes has started to draw the 
conversation to earlier initiation in the acute setting. A post hoc analysis of empagliflozin from the EMPA-
REG trial showed primary outcome benefit by day 59 and hHF benefit by day 17[34]. Similarly, data from 
DAPA-HF and EMPEROR-REDUCED showed benefits in primary outcome by day 28 and day 12, 
respectively, highlighting the potential benefits of early initiation[35,36]. The previously mentioned SOLOIST-
WHF trial first looked at this consideration and showed benefits of sotagliflozin in patients with recent 
worsening heart failure, with just under half of patients (48.8%) given the first dose prior to discharge and 
the remainder within a median of two days post discharge[27].

The EMPULSE study provided some further focus on patients with acute or newly decompensated heart 
failure, who, regardless of ejection fraction, started either empagliflozin 10mg or placebo for 90 days. The 
primary outcome was clinical benefit defined by a composite of all-cause mortality, number of heart failure 
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events, time to first heart failure event, and additionally a five-point change in KCCQ score at 90 days. The 
trial achieved its primary outcome (win ratio 1.36 CI 1.09-1.68, P = 0.0054) with good tolerability and safety 
profile and no ketoacidosis events in either group, thereby suggesting that inpatient initiation is a valid and 
safe consideration[37]. Additionally, quality of life as well as physical limitations and symptoms were also 
improved with empagliflozin as early as day 15 and benefits persisted for the 90 days of the trial[38].

The initiation of SGLT2 inhibitors in an inpatient setting may already occur in current practice; however, 
driven by the  aforementioned trials, the conversations around inpatient cessation of SGLT2s during 
intercurrent illness will also be debated with recent consensus suggesting the consideration that the DKA 
risk must be balanced with the harms of not restarting these medications[39,40]. This is also supported by 
findings from the DARE-19 trial, which assessed the organ protective effects of dapagliflozin 10mg in 
patients hospitalized with COVID-19. Though not achieving its primary outcome, it did show a numerical 
tendency and, more importantly, no increased safety signals in the dapagliflozin group, suggesting that 
potentially these medications are safe to be continued in some inpatients[41]. Although from an evidence 
base perspective, the risk of DKA in patients with diabetes has been shown, the risk of inpatient cessation in 
terms of harms has yet to be revealed and with patient safety a key consideration, it is hard to see risk 
mitigation in current non-trial based care - although future pragmatic controlled trials might provide real-
world answers to this consideration.

SGLT2s and other considerations
Older adults and frailty
The use of SGLT2 inhibitors is fairly ubiquitous in many guidelines and clinical practices across the world, 
with their cardiovascular outcome data and clinical efficacy one of the key reasons. Their benefits have been 
seen across the age spectrum, but their use in frailty and in older individuals balancing the risks versus 
benefits remains undecided with the potential for harm in such individuals with their side effect profile of 
genitourinary infections and DKA risk as well as weight loss and blood pressure reduction[42]. A recent 
presentation looking at 1-year follow-up of individuals over 70 years old on SGLT-2 inhibitors for type 2 
diabetes found good tolerance and safety, although with some caveats around frailty status, which, as 
mentioned, is a key area for future trials to gather evidence[43].

The EMPA-ELDERLY trial is a 52-week trial assessing empagliflozin 10 mg over 52 weeks in an elderly 
(> 65yrs) Japanese population. It will be the first SGLT2 inhibitor randomized controlled trial to assess 
effects specifically in this older population with secondary outcomes of physical performance, skeletal 
muscle mass and muscle strength, which may provide evidence in this rapidly evolving area[44]. Additionally, 
the potential benefit for heart failure must also be considered in the setting of older adults and frailty, with 
recent consensus perhaps suggesting this benefit may offset the potential risks[18]. Recently the implications 
of frailty in heart failure have been considered in cardiology fields, and there would be interesting 
considerations for the use of SGLT2 inhibitors and their impact on frailty in those with heart failure though 
this area is yet to be explored.

Pre-diabetes, gestational diabetes and cardiovascular risk
Recent data is starting to highlight the evolving continuum of the impact of dysglycaemia on cardiovascular 
disease, with observational studies in pre-diabetes suggesting that they are at higher risk of poorer outcomes 
with heart failure[45]. A recent meta-analysis of studies with gestational diabetes also noted an increased risk 
of postpartum cardiovascular events regardless of the development of type 2 diabetes, thereby suggesting 
risk factor management and closer follow-up for cardiovascular disease[46].
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The DAPA-HF, DAPA-CKD, and EMPEROR-REDUCED trials all showed benefits of the respective SGLT2 
classes across the spectrum of Hba1c and also with regard to reduction in new-onset type 2 diabetes, thereby 
suggesting possible added benefits of this class in these populations. Whether this would be a consideration 
seems unlikely, but a cardiovascular outcome trial in those with pre-diabetes on these medications would be 
an interesting consideration to test this hypothesis.

Uric acid and gout
The reduction in uric acid levels by SGLT2 inhibitors has long been noted and even considered one of the 
possible mechanisms of their cardiovascular benefit[47]. Recent post hoc analysis from the EMPA-REG 
OUTCOME trial has shown that empagliflozin reduced uric acid levels and a composite of gout and gout 
medications in the study population[48]. This uric acid reduction effect has also been shown with 
dapagliflozin in the DAPA-HF trial and with canagliflozin[49,50]

In keeping with their multitude of effects, added benefits of SGLT2is in those with type 2 diabetes, 
hyperuricaemia, and/or gout could be another treatment consideration.

Recommendation of SGLT2 Inhibitors in NAFLD
Non-alcoholic fatty liver disease (NAFLD) or Metabolic associated fatty liver disease (MAFLD) is becoming 
an increasing concern for patients with type 2 diabetes, not just from a progression to cirrhosis but also due 
to the association of cardiovascular disease[51]. There is increasing push toward screening and managing 
patients with type 2 diabetes for NAFLD; however, the pharmacological treatment options beyond 
pioglitazone are yet to be determined. There have been a number of studies looking at SGLT2 inhibitors in 
this population, with benefits seen in liver transaminases, liver fat on imaging, and body weight though 
there are minimal studies looking at those without type 2 diabetes and limited histological studies[52].

Real-world registries such as the ABCD National Audits have also shown reductions in ALT with SGLT2s 
suggesting potential benefit in NAFLD, though again, there are arguments for its correlation with 
histological benefits. Though limited data on histological benefits, a trial involving ipragliflozin did show 
resolution of NASH in 66.7% of patients treated with Ipragliflozin[53]. Similarly, a small 6-patient study 
looking at liver biopsies in patients treated with canagliflozin suggested favourable histological impact[54].

Perhaps the most convincing trial to date looked at metabolic and histological parameters of another SGLT2 
inhibitor, tofogliflozin, compared to glimepiride and identified improvements in hepatocellular ballooning, 
lobular inflammation and steatosis with tofogliflozin as well as biochemical findings[55].

Future studies are considering the use of SGLT2s in NAFLD, though to truly appreciate benefit, there would 
need to be specifically designed hepatic outcome trials ‘HOTs’ to determine the benefit of medication in this 
comorbidity. Until then, recommendations of SGLT-2 inhibitors in NAFLD will centre around 
improvements in surrogate markers.

SGLT2 Inhibitors and CKD
Just as with heart failure, SGLT2 inhibitors have now been recommended as one of the key pillars in the 
management of CKD in those with and without type 2 diabetes, as seen in the recent ADA-EASD and 
KDIGO guidelines[56]. Specifically, in those with established CKD, regardless of the presence or absence of 
diabetes, the risk of a composite of a sustained decline in the estimated GFR of at least 50%, end-stage 
kidney disease, or death from renal or cardiovascular causes was significantly lower with dapagliflozin than 
with placebo[26]. More recently, the EMPA-KIDNEY trial was halted early due to the achievement of the 
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primary endpoint[57]. This trial will look at a broader spectrum of CKD (mild to severe stages and underlying 
causes) in those with and without type 2 diabetes, including those with normal urine albuminuria, and will 
therefore expand the understanding of the effects of SGLT2 inhibitors.

There are a few unanswered questions with regards to SGLT2 inhibitors in CKD management which 
perhaps will be addressed with EMPA-KIDNEY results; however, one area of consideration for SGLT2 
inhibitors is, as with heart failure, whether inpatient initiation is considered in this group. Additionally, with 
the presence of finerenone now being recommended by the FDA and EMA for the treatment of CKD in 
those with T2DM, the potential benefits of SGLT2 inhibitor therapy in addition to non-steroidal 
mineralocorticoid antagonists (ns-MRAs) remains to be evaluated. The FIDELIO and FIGARO-DKD trials 
both had a small proportion of patients on dual therapy with SGLT2i and ns-MRAs (6.7% across both 
trials), with the pooled analysis FIDELITY showing that finerenone effects were independent of the 
presence of SGLT2i use[58-60]. Additionally, another interesting finding was that those on dual therapy had a 
lower incidence of hyperkalaemia. In fact, this finding of reduced hyperkalaemia with SGLT2 inhibitors has 
been noted from analyses with SGLT2s reducing the risk of serious hyperkalaemia in those with high CV 
risk or CKD and type 2 diabetes[61]. This may provide reassurance for combination therapy with ACEi/
ARBs/nsMRAs and SGLT2is though more specific trials would be required to fully reassure.

A phase II trial CONFIDENCE assessing the effect of finerenone in combination with empagliflozin on 
urine ACR compared with each agent on their own may help address this knowledge gap and guide more 
support for the positioning of either agent in CKD and the role of combination therapy[62].

INCRETINS
GLP-1 RAs
GLP-1 receptor agonists have been shown to be very effective glucose-lowering and weight-lowering 
medications in those with type 2 diabetes. In addition, their cardiovascular benefits, especially for the 
human analogue based GLP-1s such as dulaglutide and semaglutide, further support their clinical benefits, 
especially in stroke reduction - a benefit which the SGLT2 class has not particularly shown[63,64]. The other 
benefit of GLP-1 RAs in the management of type 2 diabetes is their efficacy at lower eGFR thresholds, with 
the three mainly used therapies (liraglutide, dulaglutide, and semaglutide) all licensed for eGFR over 15 mL/
min. The areas where they perhaps have not shown clear benefit and require further evidence have been on 
renal and heart failure outcomes - especially in the setting of preserved ejection fraction and their effect on 
obesity/weight loss. Post-hoc analysis of the REWIND cardiovascular outcome trial with dulaglutide 
revealed a reduction in a composite renal outcome of new macroalbuminuria, and a decline in eGFR by 30% 
or more from baseline or chronic renal replacement therapy. This benefit was predominantly with a 
reduction in new-onset macroalbuminuria (HR 0.77); however, this alone is not sufficient to recommend 
their use specifically for renal protection and the gold standard primary renal outcome trials with GLP-1 
RAs are still awaited[65]. This may well be answered in the FLOW trial, a randomized, double-blinded, 
placebo-controlled trial assessing the effect of semaglutide on renal outcomes in participants at high risk of 
CKD progression. Baseline characteristics of participants include those with type 2 diabetes, eGFR 25-75 
mL/min/1.73 m2, and urine ACR > 100 to < 5,000 mg/g with the primary endpoint being time to first 
occurrence of renal or cardiovascular death, >/= 50% persistent eGFR reduction from baseline and kidney 
failure (eGFR< 15 mL/min/1.73 m2 or chronic dialysis or kidney transplantation). This trial is the first 
dedicated renal outcome trial for the GLP-1 class and may help define the role of GLP-1s in those with renal 
disease and type 2 diabetes beyond glycaemia[66].
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Higher dose GLP-1s in T2DM
With the establishment of the GLP-1 class as good glycaemic and weight-lowering medications, the use of 
higher doses has also been looked at to see if there was a further benefit in their effects with a balance to the 
side effect profile - a key limiting factor in medication tolerability.

The Sustain Forte trial looked at semaglutide 2 mg compared to 1 mg once weekly in those with T2DM on 
metformin and/or sulphonylurea. Semaglutide 2 mg had a -0.23% Hba1c and -0.93 kg estimated treatment 
difference (as per treatment policy estimand) with a similar adverse event profile (34% vs. 31% reported 
gastrointestinal disturbances)[67]. Similarly, Dulaglutide 3 mg and 4.5 mg, which is already licensed in the 
UK for T2DM, showed a -0.24% Hba1c and -1.6 kg weight reduction with 4.5 mg compared to 1.5 mg 
dose[68]. Both these higher strength doses show benefits in terms of Hba1c and weight loss compared to the 
conventional dosing with a relatively similar side effect profile, though one could argue the Hba1c reduction 
was relatively minimal compared to the weight loss. However, the role of these higher-dose medications 
may be limited in the near future due to the potential favouring of newer dual incretin molecules and other 
higher-dose GLP-1 therapies in obesity, which are more efficacious in weight reduction.

Semaglutide 2.4 mg is currently licensed in UK and USA for the treatment of obesity based on the findings 
from the STEP trials. Though these trials were specifically in participants with obesity, the STEP 2 trial 
looked at those with type 2 DM and obesity or overweight with semaglutide 2.4 mg compared to 1mg and 
placebo. Semaglutide 2.4 mg resulted in a -1.2% Hba1c reduction and a -6.2% weight reduction compared to 
placebo, with 69% of participants achieving weight loss of at least 5% compared to 29% in the placebo arm. 
Side effect profile was notably higher in those on semaglutide 2.4mg compared to placebo group, with mild 
to moderate gastrointestinal side effects noted in 63.5% to 34.3%, but less notable in those on semaglutide 1 
mg (57.5%), suggesting reasonable tolerability[69]. This poses an interesting consideration for patients with 
T2DM who are on semaglutide, with potentially three treatment options of 1 mg, 2 mg or 2.4 mg once 
weekly with escalation, perhaps more based on the requirement for weight loss over Hba1c lowering for 
dose escalation.

Dual Agonists
Imminently due on the treatment landscape is Tirzepatide, a dual GLP-1/GIP agonist, which is FDA-
approved and available in the USA with a license and NICE guidance in the UK due in the near future. 
Building on the efficacy of the GLP-1 molecules, the addition of a second incretin - GIP (Glucose-
dependent insulinotropic polypeptide) further enhances glycaemic and weight lowering, thereby providing 
a potentially powerful agent in the management of type 2 diabetes and obesity.

The evidence for this molecule comes from the SURPASS phase III trials which assessed the effects of 
Tirzepatide against various comparators.

The SURPASS 1 trial was a placebo-controlled trial assessing 5 mg, 10 mg and 15 mg Tirzepatide with an 
estimated treatment difference of -21-23 mmol/mol reduction in Hba1c across the doses compared to 
placebo (+ 0.4 mmol/mol) and a 7-9.5 kg reduction in weight loss. Tolerability was similar across the doses 
and not far different from previous GLP-1-only studies, with 12%-18% on Tirzepatide developing nausea or 
diarrhoea, 2%-6% vomiting, and 14% discontinuing the medication. Impressively, a high proportion of 
participants on Tirzepatide achieved Hba1c targets of < 53 mmol/mol (87%-92%) and < 48 mmol/mol (81%-
86%), showing the efficacy of the glucose-lowering agent Tirzepatide[70].
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Directly providing a comparison to GLP-1 therapy, the SURPASS 2 trial compared Tirzepatide (5 mg, 10 
mg, 15 mg) to Semaglutide 1mg dose and showed greater reductions (estimated treatment differences) in 
Hba1c (-0.15, -0.39 and -0.45 percentage points respectively) and weight (-1.9 kg, -3.6 kg and -4.5 kg 
respectively). Although this may show the benefits of Tirzepatide over the current GLP-1 therapy, there is 
still debate about whether it is the GLP-1 or the GIP that provides this added benefit, with mechanistic 
studies and clarity still awaited[71].

The SURPASS 3 trial similarly showed reductions in Hba1c and weight with Tirzepatide compared to 
insulin degludec though perhaps the more interesting aspects of this trial were the added trial elements of 
continuous glucose monitoring and measurement of liver fat. A sub-study of the trial (SURPASS-3 CGM) 
looked at 243 participants of the SURPASS-3 trial and assessed CGM metrics in this group at 3 points across 
the trial (baseline, 24 weeks and 52 weeks). Pooled analysis of the Tirzepatide 10 mg and 15mg doses 
revealed a greater proportion achieving time in range (71-140 mg/dL or 3.9 -10 mmol/L), with a 25% 
estimated treatment difference. Given the increasing use of technology in diabetes care, this data provides 
further interesting information and reassurance beyond the limitations of Hba1c targets, such as time in 
hypoglycaemia or hyperglycaemia[72,73]. The SURPASS 3 trial had another substudy, the SURPASS-3 MRI, 
which assessed MRI changes in liver fat content in a subset of participants in the trial with a fatty liver index 
of at least 60 (by MRI-proton density fat fraction MRI-PDFF). Again utilising pooled data from the 
Tirzepatide 10 and 15mg groups, liver fat content was reduced compared to placebo (-8.09% vs. -3.38% in 
the degludec group) with reductions seen in the volume of visceral and abdominal subcutaneous adipose 
tissue (VAT and ASAT)[74]. This adds interest in the effects of Tirzepatide on liver fat, potentially suggesting 
a future therapeutic option in NAFLD - something that is being assessed in the ongoing SYNERGY-NASH 
trial, which will also assess histological changes in addition to MRI-PDFF[75].

Tirzepatide is the most advanced of the dual incretin agonists currently in development though another, 
Codatutide, has undergone phase 2 trials and is in development, thereby adding further molecules to this 
class of agents[76].

One obvious important area is the lack of hard cardiovascular outcomes for this molecule. The SURPASS 4 
trial assessed the effects, specifically cardiovascular safety, of Tirzepatide compared to insulin glargine in a 
population at high cardiovascular risk, assessing for a MACE-4 composite of cardiovascular mortality, 
myocardial infarction, stroke and hospitalization for unstable angina[77]. Tirzepatide was not associated with 
an increased cardiovascular risk in this study and an additional  pre-specified metanalysis confirmed this[78]. 
However, though reassuring, such data still requires results from the dedicated cardiovascular outcome trial 
SURPASS-CVOT, assessing the cardiovascular effects of Tirzepatide against dulaglutide, a first for CVOTs - 
comparison against a medication already proven to have cardiovascular benefit, with completion due in 
2024[79].

While the data from the SURPASS trials make clinical interest in the utilisation of this medication in those 
with type 2 diabetes, there are a few clinical considerations and real-world data will be beneficial once 
widely available. The key is the positioning in the management of type 2 diabetes: could it be reasonable to 
start this medication as first choice incretin in order to initiate the treatment most likely to achieve required 
targets, or would it be considered only after ‘failure’ of current single incretin GLP-1 therapy. Additionally, 
the dose steps involved -2.5 mg increments at 6 weekly intervals could mean that it takes 6 months to reach 
the maximum 20 mg dose (if required), thereby posing adherence and treatment persistence considerations. 
Nevertheless, the addition of this new class of dual incretins provides an exciting opportunity to enhance 
the management of those with type 2 diabetes and/or obesity.

GLP-1s and other considerations
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Stroke and cognition
The cardiovascular beneficial effects of human analogue GLP-1s have been established with perhaps more 
focus on the cardiac benefits compared to the cerebrovascular findings. In fact, with such strong data for 
stroke prevention from the dulaglutide and semaglutide cardiovascular outcome trials, it is perhaps 
surprising that there has not been more focus on this area in guidelines or in practice. An exploratory 
analysis of the REWIND trial revealed a reduction in ischaemic but not haemorrhagic stroke in those with 
type 2 diabetes but no impact on stroke severity[80]. Similarly, a post hoc analysis of the semaglutide 
cardiovascular outcome trials (SUSTAIN-6 and PIONEER 6) also revealed that semaglutide reduced the risk 
of stroke irrespective of prior stroke at baseline[81]. Prioritisation of such GLP-1 molecules in those with type 
2 diabetes at high risk of stroke (including prior TIA) and increased awareness amongst neurologists and 
stroke physicians remains one of the future considerations for these medications and future guidelines. 
Additionally, given the beneficial effects on stroke and the impact of stroke on cognitive function, it may 
also be considered that these molecules may also have an impact on cognitive impairment. Additionally, the 
atherosclerotic impact, insulin resistance effects, and glycaemic benefits of this class may be further 
mechanisms whereby their beneficial effects on cognition may be seen. This has been somewhat considered 
in small trials, but stands to be further assessed in a larger population with the upcoming trial of oral 
semaglutide in Alzheimer’s disease to provide more insight into this area[82].

The role of incretins in obesity is another rapidly developing area and beyond the scope of this article; 
however, it is important to note that amylin analogues such as cagrilintide have been combined with GLP-1 
semaglutide with trials in progress and cardiovascular outcome trials of these molecules in those with 
obesity such as SELECT for semaglutide ongoing and already reports of benefits of dual incretin Tirzepatide 
in obesity[83-85], . Together with the recent update to ADA-EASD guidance highlighting weight loss in type 2 
diabetes management, the future of therapeutic options and focus on diabetes and obesity care with these 
molecules seems numerous.

GLP-1s and NAFLD
As with SGLT2s, the effect of GLP-1s in those with NAFLD continues to be of interest. The recent D-LIFT 
randomized controlled trial assessed MRI parameters of liver fat content in patients on dulaglutide and 
found that dulaglutide significantly reduced liver fat content and gamma GT in subjects with NAFLD with 
non-significant reductions in ALT, AST, and liver stiffness[86]. A recent phase 2 trial assessed semaglutide 0.1 
mg, 0.2 mg and 0.4 mg against placebo in patients with biopsy-proven NASH and liver fibrosis. Semaglutide 
resulted in a higher percentage of participants with NASH resolution than placebo (40%, 36%, and 59% with 
the semaglutide doses compared to 17% with placebo)[87]. A larger, more specific study is in progress to 
further assess semaglutide in those with NASH to further explore and support evidence in this area, but 
completion is not expected until 2028[88]. Although an increasingly developing area of assessment for the 
GLP-1 molecule, it is likely that with the newer incretin molecules, specifically double and triple agonists, 
the role of GLP-1s, specifically in NAFLD or obesity, may soon be superceded by these molecules.

Recently the development of once-weekly insulins has been seen as an interesting addition to the treatment 
landscape - with ease of use and reduced number of injections being the main reason for positivity. 
Confidence still remains unclear around the safety aspects with regard to hypoglycaemia, especially in the 
older adult population. The combination of once-weekly GLP-1 with the once-weekly insulin provides hope 
for further simplification of management options in those with type 2 diabetes, especially with the 
hypoglycaemia and weight gain effects of insulin being reduced by the GLP-1 component. Trials are 
underway, with the most advanced being the semaglutide/insulin icodec combination in the COMBINE 3 
trial, which is due to report in 2023[89].
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FUTURE PERSPECTIVES FOR CARE
As we move forward in our management of type 2 diabetes, we see more understanding and development of 
the intensification and appropriateness of therapeutic interventions. Some of these developments are being 
driven by different age spectrums of those with type 2 diabetes. As we continue to encounter an aging 
population, the impact of multimorbidity on type 2 diabetes management continues to be considered[90]. 
Additionally, with the increasing awareness of the impact of younger onset T2DM in populations, the 
importance of intensification of regimes and treating to targets and dealing with associated comorbidities 
adds further impetus. While guidelines and management at the moment focus on dual comorbidities such 
as heart failure, ASCVD, or CKD in the setting of type 2 diabetes, in reality, it is not uncommon to find all 
three comorbidities in individuals with type 2 diabetes, and if you additionally consider overweight or 
obesity, we may be starting to deal with triple or quadruple comorbidities and therefore decisions and 
guidelines need to be developed accordingly[91]. Diabetes, due to its associations and links with other chronic 
conditions such as cardiorenal metabolic disease, obesity, and frailty, provides an opportune area to develop 
not just multimorbidity care but specific patient-based care strategies[92].

The term precision medicine or personalised medicine is an approach to disease management considering 
individual characteristics such as genetic background, environment, and lifestyle to create a person-specific 
management plan[93]. Recent trials such as TRIMASTER and GRADE have taken this practice in a trial 
setting to highlight that beyond glycaemic and extraglycaemic benefits, patient choice and perspectives need 
to be considered to identify those therapeutic options more likely to be accepted and therefore support 
treatment concordance[11,94]. Interestingly, the GRADE study showed that Hba1c reduction was notable 
regardless of treatment choice (metformin, sulphonylurea, GLP-1 RA, or DPP-4 inhibitor), but glargine and 
liraglutide were more effective in achieving and maintaining target Hba1c[94]. Additionally, recent genetic 
factors have also been found to identify individuals more likely to develop nephropathy, potentially 
heralding a further way of stratifying patient risk and identifying optimal therapies to target their individual 
risks[95]. While this is being increasingly relevant and considered, the appropriate method and factors to 
consider still require clarity and support in mainstream guidelines and care.

CONCLUSION
The treatment landscape continues to develop at a rapid pace, and with each new molecule being developed, 
there is a layer of complexity and finesse in the choice of agent used and the individualization of therapeutic 
options. Additionally, our understanding of the impact of diabetes on a variety of conditions and 
comorbidities has led to an even broader consideration for management and diabetes care in various 
settings from the current landscape of cardiovascular and renal disease toward obesity and fatty liver disease 
with future considerations potentially to include youth onset T2DM, cancer, bone health, and periodontal 
disease. Guidelines will need to be fluid and continue to adapt to this ever-changing landscape, as will 
clinicians and healthcare systems and methods of delivering care, including telehealth and digital 
interventions.
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