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ABSTRACT

T2 diabetes has long been recognised as a major and 
exponentially growing global public health concern. 
Asia is no exception. Cardiovascular adverse 
events remain the leading cause of morbidity and 
mortality in T2 diabetics. There is an urgent need 
for effective therapies to improve cardiovascular 
outcomes and glucagon-like peptide-1 receptor 
agonists. Semaglutide is a potent glucagon-like 
peptide-1 analogue with the exclusive advantage 
of being available in both subcutaneous and oral 
formulations. The cardiovascular safety of each of 
these formulations was assessed in the SUSTAIN-6 
and PIONEER-6 trials and the observed benefits has 
led to the approval of both the subcutaneous and 
oral formulations as an adjunct to diet and lifestyle 
measures in high-risk patients with Type 2 diabetes.

Keywords: Semaglutide, Glucagon-like peptide-1 
(GLP-1), cardiovascular outcomes, T2 diabetes, 
Obesity,

SFP2022; 48(3):

INTRODUCTION AND BACKGROUND

Diabetes mellitus is a major public health problem 
worldwide, as 10 percent of adults have the disease, which 
corresponded to 463 million individuals in the world in 
2019.1 By 2045, this number will rise to 700 million.1 Type 
2 diabetes (T2D) accounts for 90 percent of the cases and 
the majority of these patients do not have easy access to 
healthcare facilities for timely diagnosis or treatment. The 
prevalence of T2D is rapidly increasing in three regions of 
the world: South America, Asia, and Eastern Europe. Multi-
ethnic Singapore, which comprises predominantly Chinese, 
Malay. and Indian races. typifies the greater susceptibility 
of the Asian genotype to T2D. Coupled with the ageing 
population that Singapore faces, the prevalence of diabetes 
and its complications is expected to present an enormous 
prospective health burden, which the Ministry of Health has 

publicly acknowledged. The prevalence of T2D has rapidly 
increased from 2 percent in 1975 to 11 percent in 2010,2 
and this trend is projected to reach one in six adults by 2050. 
T2D is commonly associated with clinical conditions that 
are implicated in worse prognosis, increased mortality, and 
negative impacts on patient health-related quality of life, 
such as obesity and cardiovascular disease (CVD). Increased 
adiposity is the strongest risk factor for developing T2D.

Obesity increases the risk of death in patients with T2D, 
with an estimated 20 percent increase in mortality risk for 
each 5 kg/m2 increase in BMI.3 Furthermore, this association 
has a direct linear relationship, with the lowest mortality risk 
described among patients with BMI equal to 22.5-24.9 kg/
m2. Weight loss with diet and physical activity can prevent 
or reverse T2D.4 The DIRECT trial reported that a weight 
loss of approximately 15  kg can lead to T2D remission 
in approximately 80 percent of patients with obesity and 
T2D.5 However, most drug classes involved in T2D therapy 
promote weight gain (insulin, sulfonylureas, and others). 
Therefore, it is important that anti-hyperglycaemic therapies 
do not increase weight and ideally promote weight loss.

CVD is the leading cause of mortality in patients with 
T2D.6,7 Controlling blood sugar is an extremely important 
practice to avoid or delay chronic diabetic complications. 
According to the United Kingdom Prospective Diabetes 
Study (UKPDS), a decrease of 1 percent in glycated 
haemoglobin (HbA1c) results in a 21 percent reduction 
in the risk of any endpoint related to diabetes, 21 percent 
in the risk of death related to diabetes, 14 percent in the 
risk of myocardial infarction, and 37 percent in the risk of 
microvascular complications.8

GLUCAGON LIKE PEPTIDE-1 (GLP-1)

Following food consumption, the gastrointestinal tract 
(GIT) naturally releases several hormones collectively called 
incretins.9 GLP-1 is one of the incretins family that stimulates 
pancreatic cells to secrete insulin and suppress glucagon 
release. Gastric emptying is also delayed. GLP-1 receptors 
(GLP-1r) are mainly expressed in the pancreas, bowels, and 
the central nervous system, and to a lesser degree in the 
heart, lungs, kidneys, vasculature, and peripheral nervous 
system.   In the central nervous system, GLP-1 acts as a 
neurotransmitter responsible for mediating signalling satiety 
pathways via the brainstem-hypothalamus.10 Peripherally, 
GLP-1 reduces energy intake and affects all components of 
appetite regulation including increased satiety and fullness, 
and decreased hunger and prospective food consumption.11 
The latter attribute assists with weight loss. Collectively, 
these mechanisms of action of GLP-1 have been harnessed 
and manufactured analogues have been consistently proven 
as efficacious treatments for T2 diabetes. 
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SEMAGLUTIDE

The short half-life of human GLP-1 resulting from 
degradation by DPP-4 raised challenges for pharmaceutical 
use in the clinical setting where a constantly high and stable 
plasma level is required. Semaglutide is a potent glucagon-
like peptide-1 (GLP-1) analogue with a 94 percent degree 
of homology to human GLP-1.12 Three key structural 
differences provide the extended pharmacokinetics of this 
drug: namely, the substitution of Ala with Aib at position 8 
that increases enzymatic (DPP4) stability; attachment of a 
linker; and C18 di-acid chain at position 26 that provides 
strong binding to albumin and substitution of Lys with 
Arg at position 34 that prevents C18 fatty acid-binding 
at the wrong site.12 Two formulations have been approved 
by the FDA – subcutaneously once weekly, and an oral 
administration once daily. The latter provides an option 
for T2D patients who are unwilling to self-administer an 
injectable agent and might also confer benefits for longer-
term adherence. It needs to be taken 30 minutes prior to 
eating food or other medications, on an empty stomach.12

The co-formulation of semaglutide with sodium N-[8-(2-
hydroxybenzoyl) amino] caprylate (SNAC), a transcellular 
permeation enhancer, ensures the bioavailability of the 
oral formulation (refer to Figure 1). In association with 
semaglutide, SNAC has a predominantly transcellular 
transit mode via the gastric epithelium, where absorption 
occurs 60-140 minutes after ingesting a tablet containing 
10 mg of semaglutide and 300 mg of SNAC in humans.13 
SNAC probably also attenuates semaglutide proteolytic 
digestion as it increases the local gastric pH.

Figure 1. Mechanism of absorption of semaglutide 
and SNAC co-formulation tablet: After digestion, 
the tablet is rapidly eroded and releases high 
concentrated amount of SNAC. SNAC neutralises 
the acidic environment in the stomach by 
which semaglutide is protected from enzymatic 
degradation. In addition, SNAC also enhances 
semaglutide absorption via transcellular pathway.13

CARDIOVASCULAR OUTCOME TRIALS

Two large phase 3 cardiovascular outcomes trials, 
SUSTAIN-614 AND PIONEER-6,15 investigated once 
weekly subcutaneous and oral semaglutide formulations, 
respectively, versus placebo on major adverse cardiac events 
in patients with type 2 diabetes and high CV risk. All 
participants had a baseline HbA1c >7 percent. The primary 
endpoint was time from randomisation to first occurrence 
of an adjudicated 3-component composite MACE endpoint 
defined as CV death, non-fatal myocardial infarction (MI), 
or non-fatal stroke.

The majority of patients in both trials were enrolled based 
on established cardiovascular disease and/or chronic kidney 
disease (CKD) (refer to Table 1). A substantial proportion 
of patients were 65 years of age or older. Background 
therapy, including glucose-lowering treatments, was in 
accordance with the standards of care commonly used in 
the T2D population.

Table 1. Key points regarding baseline 
characteristics and study outcomes for the major 
cardiovascular outcomes in the SUSTAIN-6 and 
PIONEER-6 Trials

SUSTAIN-6 recruited 3,297 patients and the overall CV 
risk reduction was 26 percent (refer to Figure 2) over a 
median observation time of 2.1 years. This risk reduction 
was observed with both the 0.5 mg dose (HR 0.77, 95 
percent CI 0.55, 1.08) and 1 mg dose (HR 0.71, 95 percent 
CI 0.49, 1.02). The benefit of subcutaneous semaglutide 
was driven by fewer non-fatal myocardial infarctions and 
non-fatal strokes. There was no difference in cardiovascular 
deaths and all-cause mortality was not reduced. The MACE 
results were similar across multiple sub-groups, including 
those with established cardiovascular disease and chronic 
kidney disease. A meta-analysis that compiled data from the 
SUSTAIN-6 trial showed that CV benefits were associated 
with decreases in HbA1c and body weight (ref 10). HbA1c 
was reduced by 0.7 percent in the 0.5 mg dose versus 
placebo and 1.0 percent in the 1.0 mg dose, both of which 
were statistically significant (p<0.001).
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Figure 2. Primary CV Outcome Result in SUSTAIN-6

The headline SUSTAIN-6 result was consistent with 
other CV outcome trials evaluating other subcutaneously 
administered GLP1ra such as dulaglutide and liraglutide, 
where significant CV risk reduction also manifested when 
compared to placebo.16,17

In PIONEER-6, the overall risk reduction with 14 mg 
oral semaglutide was 21 percent (refer to Figure 3) over a 
median observation time of 1.8 years but was not statistically 
significant. The risk difference was driven by fewer CV deaths 
and non-fatal strokes, but more patients experienced non-
fatal myocardial infarction with semaglutide. In addition, a 
statistically significant reduction in all-cause mortality was 
observed with oral semaglutide.

Figure 3. Primary CV Outcome Result in PIONEER-6

In both SUSTAIN 6 and PIONEER 6 trials, semaglutide 
was associated with a favourable impact on systolic blood 
pressure (SBP) (placebo-controlled reduction in SBP of 1.3 
and 2.6 mmHg with 0.5 and 1mg dose in SUSTAIN 6; 2.6 
mmHg reduction in PIONEER 6), weight loss (placebo-
controlled weight loss of 2.9 and 4.3 kg with 0.5 and 1 mg 
dose in SUSTAIN 6; 3.4 kg weight loss in PIONEER 6), 

and glycaemic control (placebo-controlled reduction in 
HbA1c of 0.7 percent and 1.0 percent with 0.5 and 1 mg 
dose in SUSTAIN 6; 0.7 percent reduction in PIONEER 
6). The mean pulse rate increased by 2 and 2.5 bpm with 
0.5 and 1.0 mg dose of semaglutide in SUSTAIN 6, and by 
4 bpm in PIONEER 6.

SAFETY OF SEMAGLUTIDE

Gastrointestinal-adverse events (nausea, abdominal cramps, 
diarrhoea) were the most frequently reported adverse 
drug reactions with semaglutide.18 The risk of severe 
hypoglycaemia was low, typically increased in conjunction 
with sulphonylureas or insulin therapy. No increased risk 
of pancreatitis, pancreatic cancer, or thyroid medullary 
cancer was observed, although the duration of exposure was 
limited. One new safety finding emerged from SUSTAIN 
6 – there was an increased risk of diabetic retinopathy 
complications primarily in patients with pre-existing 
diabetic retinopathy (HR 1.76, 95 percent CI 1.11, 2.78). 
The available data suggest that this might be associated with 
pronounced improvement in glycaemic control as seen with 
insulin therapy. Despite patients with proliferative diabetic 
retinopathy being excluded from PIONEER 6, a 0.8 percent 
increase in diabetic retinopathy was observed with oral 
semaglutide.9 A dedicated ophthalmic trial (FOCUS) with 
a treatment duration of five years will assess the long-term 
effect of semaglutide on diabetic retinopathy development 
and progression.19

FUTURE DIRECTIONS FOR CV OUTCOMES 
OF SEMAGLUTIDE

The risk reduction in MACE in SUSTAIN 6 was supported 
by the favourable outcome in PIONEER 6, thereby 
providing independent confirmation. No difference in 
safety outcomes were observed across the trials. However, 
there are important differences in individual CV outcomes 
among the two trials, which require further reflection. For 
example, with the exception of stroke findings, there are 
inconsistencies among the two trials with regards to impact 
on CV death and all-cause mortality (favourable impact in 
PIONEER-6), non-fatal MI and UAP (favourable impact 
in SUSTAIN-6), and hospitalisation for heart failure 
(favourable impact in PIONEER-6). The discordance on 
the individual endpoints despite similar pharmacokinetic 
exposure challenges the argument of consistent exposure-
response relationship. Following the confirmation that 
subcutaneous semaglutide is associated with CV safety and 
preliminarily, even some evidence of benefit, a definitive CV 
outcome trial is ongoing to assess the effects of subcutaneous 
semaglutide on CV events in patients at high CV risk who 
are overweight or obese. In the ongoing Semaglutide Effects 
on Cardiovascular Outcomes in People with Overweight or 
Obesity (SELECT) trial, approximately 17,500 people with 
pre-existing CVD and with overweight or obesity (body 
mass index ≥27 kg/m2) but without diabetes will receive either 
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subcutaneous semaglutide (up to 2.4 mg) or placebo in 
addition to standard care for up to five years.20 Furthermore, 
the finding that a drug reduces all-cause mortality without 
impacting the incidence of non-fatal myocardial infarction 
merits further study and the longer-term SOUL trial will 
further inform about CV outcomes with oral semaglutide 
versus placebo.21

CONCLUSION AND THE PLACE OF GLP1RA 
IN THE GUIDELINES FOR PATIENTS WITH 
TYPE 2 DIABETES AND CARDIOVASCULAR 
DISEASE

The American Diabetes Association’s Standards of Medical 
Care in Diabetes—2019  recommend GLP-1 receptor 
agonists with proven cardiovascular benefit as one of the two 
preferred options for add-on therapy in patients with type 
2 diabetes and established atherosclerotic cardiovascular 
disease after metformin and lifestyle intervention.22 Both 
subcutaneous and oral semaglutide are now commonly 
prescribed for patients who have T2 diabetes despite 
treatment with other anti-hyperglycaemic medications and 
as an adjunct to diet and exercise, especially for patients 
who are overweight or obese and have a previous history 
of cardiovascular disease or with multiple risk factors for 
cardiovascular disease.
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LEARNING POINTS

• The incretin effect refers to the amplification of insulin secretion after oral glucose intake. It is 
essential for glucose tolerance and is partly mediated by glucagon-like peptide-1 (GLP-1), which is 
secreted by the intestinal epithelial cells and its actions in the gastrointestinal tract.

• Semaglutide is a potent glucagon-like peptide-1 analogue, with a very high degree of homology to 
the human peptide with the exclusive advantage of being available in both subcutaneous and oral 
formulations.

• The cardiovascular safety of both subcutaneous and oral administration of semaglutide was 
confirmed in the SUSTAIN-6 and PIONEER-6 randomised control trials in patients with Type 2 
diabetes and established cardiovascular and chronic kidney disease, maintained on current standard 
of care. This led to their approval to reduce cardiovascular risk as an adjunct to diet and lifestyle.
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