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n the last six years, substantial 
evidence on the benefi ts of the 
two newer classes of 

antihyperglycaemic drugs, SGLT-2 
inhibitors (SGLT2i) and GLP-1 receptor 
agonists (GLP-1RA), on cardiovascular 
and chronic kidney disease (CKD) 
outcomes has accrued. The evidence 
is now in multiple diabetes and 
cardiovascular guidelines around 
the world with changes in diabetes 
treatment algorithms, especially for 
patients with existing cardiovascular 
disease or those with heart failure 
or CKD. Professor Naveed Sattar, 
Professor of Metabolic Medicine 
at the University of Glasgow summarises 
the recent evidence and areas where 
debate remains, and more evidence 
is needed.

Sodium-glucose 
co-transporter-2 inhibitors 
(SGLT2i) evidence 
The Empaglifl ozin, Cardiovascular 
Outcome Event Trial in Type 2 diabetes 
Mellitus Patients (EMPA-REG outcome) 
was conducted in patients with diabetes 
and established cardiovascular disease 
and was published in 2015. It was 
greeted with enthusiasm as it was the 
fi rst modern outcome trial to show 
benefi t of any antihyperglycaemic 
medication on cardiovascular 

i
outcomes1. A 14% reduction in major 
adverse cardiovascular events (MACE), 
total of fatal or non-fatal myocardial 
infarcts or strokes - occurred in 
empaglifl ozin versus placebo recipients 
on top of standard of care. This result 
was welcomed warmly as it came after 
the disappointing results from several 
DPP-4 inhibitor trials that did not show 
cardiovascular benefi t. In addition, 
EMPA-REG outcome showed robust 
and greater empaglifl ozin-associated 
reductions in incident heart failure 
hospitalisations (HFH) and CKD 
outcomes, fi ndings that surprised many. 
Since then, four other SGLT2i trials have 
been published in patients with diabetes, 
including some without established 
cardiovascular disease but at elevated 
risk. The summary of these trials, as 
reported in a recent paper2, is given 
in table 1 below.

Table 1. SGLT2i benefi ts on key outcomes in patients with diabetes, 
as determined by McGuire et al2**

MACE**
Heart failure 
hospitalisation**

Chronic kidney 
disease**

Overall benefi t 0.90 (0.85-0.95) 0.68 (0.61-0.76) 0.62 (0.56-0.70)

Subgroup with 
established CVD

0.83 (0.76-0.92) 0.70 (0.62-0.78) 0.64 (0.56-0.72)

Subgroup without 
established CVD

0.95 (0.77-1.17) 0.63 (0.50-0.80) 0.60 (0.50-0.73)

The data show convincingly that SGLT2i 
lower MACE modestly with greater 
benefi ts in preventing HFH and harder 
CKD outcomes. While the benefi ts on 
MACE appear to be only seen in 
diabetes patients with established 
cardiovascular disease, the heart failure 
and CKD benefi ts are broadly similar 
regardless of whether the patients have 
established cardiovascular disease or 
not. In addition, where examined, the 
benefi ts on all outcomes is independent 
of baseline glycaemia levels or change in 
glycaemia or indeed baseline metformin. 

SGLT2i increase the risk of genital 
infections, which can be reduced if 
patients pay attention to good genital 
hygiene. The other side effect of concern 
is diabetic ketoacidosis (DKA), especially 
when patients are unwell or dehydrated. 
For this reason, sick day rules also 
apply to this class of this drugs.
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Dedicated trials in patients 
with heart failure and CKD
Following the results, three trials 3,4,5 

looking at whether SGLT2i can benefit 
patients with established heart failure 
have since been completed. These 
show that the SGLT2i empagliflozin and 
dapagliflozin reduce the risk of HFH or 
cardiovascular death by around 25% in 
patients with heart failure and reduced 
ejection fraction (HFrEF), a clinical 
syndrome where patients have 
symptoms and signs of heart failure as 
the result of a low ventricular ejection 
fraction. Even more recently, 
empagliflozin reduced the same primary 
endpoint in patients with heart failure 
and preserved ejection fraction (HFpEF), 
a type of heart failure with similar 
symptoms but where the heart appears 
to be pumping blood more normally. In 
all these three trials, the benefits appear 
very similar, whether the patients have 
diabetes or not. The results in the HFrEF 
population have established these drugs 
as foundational in the treatment of such 
patients, with additional benefits on 
patient symptoms and kidney 
outcomes. The ease of dosing of these 
agents and lack of adverse effects on 
blood potassium levels or indeed on 
acute kidney injury (which may even be 
reduced in risk) with such agents, places 
them high up in recent heart failure 
guidelines15. In the same manner, the 
results from the CREDENCE study6, 
which tested canagliflozin in patients 
with eGFR down to 30 and albuminuria, 
and the DAPA-CKD study7, testing 
dapagliflozin in those with eGFR down 
to 25 and albuminuria, showed profound 
kidney benefits of these agents in 
patients with diabetes, extending also to 
patients without diabetes in DAPA-CKD. 
Such results are rapidly working their 
way into kidney disease guidelines  
and clinical care.

Areas of debate, ongoing 
work, and guideline adoption 
How SGLT2i lower cardiovascular and 
renal risks remains an area of ongoing 
research. The benefits for some 
outcomes, for example, HFH emerge 
quickly within weeks and so rapid 
‘correction’ of abnormal 
pathophysiology must be in play.  
Most researchers believe this correction 
involves SGLT2i-mediated 
haemodynamic changes that ultimately 
reduce nephron and cardiac stress. 
However, others argue that the benefits 
of SGLT2i is linked to their downstream 
enzyme effects that in turn improve 
cellular health17. Whatever the 
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mechanisms, these drugs favourably 
remodel stretched hearts in HFrEF8 and 
have multiple other actions on a variety 
of cells and organs. Furthermore, their 
heart and kidney outcome benefits 
appear independent of reductions in 
glucose levels. They also lower weight 
and blood pressure, in some cases 
profoundly. 

In terms of guidelines, trial results 
mean these drugs have a firm place in 
the care of patients with diabetes and 
established cardiovascular disease,  
and in those with CKD, or heart failure 
regardless of whether they have 
diabetes. However, it’s less clear is how 
to decide which patients with diabetes 
but without these comorbidities are 
offered SGLT2i to lessen risks. Recent 
guidelines16 suggest cardiovascular  
risk scores, looking at both 10-year  
and lifetime risks and predicted benefits, 
could be used to help decide best  
which patients should be offered  
SGLT2i  sooner rather than later. 
Ongoing trials and studies should help 
improve relevant evidence in this space.

GLP-1RA 
There are now at least eight 
cardiovascular outcome trials published 
with differing GLP-1RA medications.  
All but one (SUSTAIN-6, which tested 
oral semagultide) tested injectables. 
The totality of the results has been 
recently summarised in a meta-
analysis9 that also summarised the 
evidence with the first published trial, 
ELIXA, excluded. ELIXA used a very 
short-acting GLP-1RA called 
lixisenatide, given only once a day even 
though its half-life was three hours. 
Most researchers believe this led to 
suboptimal body GLP-1RA levels and 
that this contributed to its null results. 
The results from the seven other trials 
are summarised in the table 2 below.

It is clear GLP-1RA lowers MACE,  

its subcomponents including, most 
impressively, incident stroke, but also 
reduce all-cause and cardiovascular 
mortality. In addition, there is some 
evidence of benefit on HFH and harder 
CKD outcomes, although these are 
much more modest than seen with 
SGLT2is. Most clinicians also wish to 
see specific GLP-1RA trials in patients 
with CKD and heart failure before they 
are fully convinced of extrapolating the 
outcome evidence to those specific 
groups. Fortunately, such trials are now 
taking place. The benefits of GLP-1RA 
on MACE also seemed broadly 
consistent across both human         
GLP-1 RA and exendin-4 based 
molecules, and across several other 
baseline characteristics such as age, 
sex, BMI, presence of established CVD, 
and eGFR levels. 9 That noted, the 
benefits are greater in absolute terms  
in those with established cardiovascular 
disease, given such patients are at greater 
absolute MACE risk to begin with. 

GLP-1RA can lead many patients to 
experience nausea and vomiting early 
on in their treatment, which is the most 
common side effect. To try to minimise 
these, GLP-1RA doses are escalated 
gradually, and patients are told to eat 
smaller meals, eat more slowly and  
to stop eating before they feel full.

Mechanism of benefit of 
GLP-1RA and other questions 
Once again, the MACE benefits of this 
class of drugs seems to be independent 
of baseline HbA1c, but reduction in 
glucose likely contributes to MACE 
reduction, even if modestly. This class  
of drugs also lower blood pressure and 
weight and improve lipids. There are 
direct vascular benefits of GLP-1RA as 
well as other actions (e.g. anti-inflammatory) 
that likely collectively reduce 
atherosclerotic and other related 
outcomes risks.10

Meta-analysis with all 
eight trials**

Meta-analysis minus 
ELIXA**

MACE 0.86 (0.80 to 0.93) 0.85 (0.80 to 0.90)

CV death 0.87 (0.80 to 0.94) 0.85 (0.78 to 0.93)

MI 0.90 (0.83 to 0.98) 0.88 (0.81 to 0.96)

Stroke 0.83 (0.76 to 0.92) 0.81 (0.74 to 0.90)

All cause death 0.88 (0.82 to 0.94) 0.87 (0.81 to 0.94)

Incident HFH 0.89 (0.82 to 0.98) 0.88 (0.79 to 0.98

Worsening CKD 
outcomes*

0.86 (0.72 to 1.02) 0.82 (0.69 to 0.98)

Table 2. Summary of meta-analyses of GLP-1RA cardiovascular 
outcome trials, taken from Sattar et al9**
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Guidelines and choosing 
SGTL2i or GLP-1RA 
Some guidelines, for example, the  
ADA/EASD 11 or ESC-led16 guidelines 
have enthusiastically endorsed or 
recommended the use of licensed 
GLP-1RA with proven MACE outcome 
benefits in those with diabetes and 
established cardiovascular disease12, 13, 14. 
They have also promoted them for those 
with evidence of considerably (>50%) 
narrowed blood vessels, for example 
coronary, or carotid or peripheral artery 
stenosis. Overall, GLP-1RA appear to  
be more anti-atherosclerotic in nature 
(stroke benefits appearing best) with 
some modest cardiorenal benefit, 
whereas SGLT2i appear to give robust 
cardiorenal benefits and more modest 
MACE reductions (with no clear benefit  
on stroke). 

Such differing patterns are relevant  
in how to decide which patients are 
offered which drug. There is also some 
emerging evidence the two drug  
classes may offer additive benefits when 
coprescribed, but more trials are needed 
to confirm this potential. The higher 

costs of GLP-1RA and their 
predominately injectable route of 
delivery, has led to less prescription  
of these in patients with diabetes and 
established cardiovascular disease as 
compared to SGLT2i. GLP-1RA-based 
trials with agents that also yield 
substantially greater weight loss are 
ongoing in patients at elevated risk  
and with and without diabetes and are 
keenly awaited, as are dedicated trials  
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*Outcome does not include albuminuria.   
**All data as hazard ratios (HR) with 95% confidence intervals in brackets for SGLT2i use versus placebo, from meta-analyses.  
A HR of 0.90 means a 10% lower risk in SGLT2i recipients, whereas a HR of 0.60 means 40% lower risk. 21Update Winter 2021
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