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ABSTRACT

Introduction: Type 2 diabetes (T2D) manage-
ment has reached a point where not only opti-
mal glycaemic control is necessary, but also

additional interventions with proven cardio-
vascular risk reduction benefit. Subcutaneous
semaglutide has been shown to provide cardio-
vascular protection, but its use may be limited
by its injection formulation. To overcome this
limitation, an oral semaglutide tablet has been
developed, which could potentially be of the
same value as its injection counterpart, but in a
much wider group of patients with T2D,
thereby allowing for broader cardiovascular risk
reduction in this vulnerable patient population.
Methods: A total of 100 consecutive patients
with T2D and a disease duration of up to
10 years, without manifest cardiovascular dis-
ease, who are treated with metformin
(± sulphonylurea) and optimal cardioprotective
therapy, will be recruited in a single-blinded,
randomized trial named ‘‘Semaglutide Anti-
atherosclerotic Mechanisms of Action Study
(SAMAS).’’ After 1:1 randomization, patients
will receive either oral semaglutide 14 mg daily
or placebo for 1 year. The primary outcome
comprises changes in atherosclerosis-related
structural and functional characteristics of the
arterial wall, namely: reduction of the carotid
intima-media thickness, improvement of
endothelial function and decrease in arterial
stiffness. Secondary outcomes are changes in
atherogenic small dense low-density lipopro-
teins, glucose control (HbA1c) and inflamma-
tory markers (hsCRP). Possible correlations
between primary endpoints and changes in
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lipids, HbA1c and high-sensitivity C-reactive
protein will be sought.
Discussion: This is the first study to investigate
the direct and indirect anti-atherosclerotic
mechanisms of oral semaglutide. The results are
expected to confirm the position of oral
semaglutide in the multifactorial management
of T2D with an emphasis on cardiovascular
disease prevention.
Trial Registration: ClinicalTrials.gov Identifier:
NCT05147896.

Keywords: Oral Semaglutide; Cardiovascular
Risk; Carotid Intima-Media Thickness;
Endothelial Dysfunction; Arterial Stiffness;
Small Dense LDL

Key Summary Points

Current type 2 diabetes (T2D)
management requires additional
interventions to achieve proper
cardiometabolic benefit.

Oral semaglutide is the first glucagon-like
peptide-1 receptor agonist available on
the market, potentially allowing for a
significant cardiometabolic risk reduction
in a broader population of patients with
T2D due to its innovative oral
formulation.

We designed an innovative clinical trial to
explore the possible anti-atherosclerotic
effects of oral semaglutide, and its effects
associated with arterial structure and
function parameters in patients with T2D
in primary cardiovascular prevention.

This is the first study to investigate the
direct and indirect anti-atherosclerotic
mechanisms of oral semaglutide, thus
solidating its position in the multifactorial
T2D management strategy, with emphasis
on cardiovascular disease prevention.

INTRODUCTION

Cardiovascular risk assessment and cardiovas-
cular disease prevention are urgently needed to
decrease morbidity and mortality, improve
quality of life and decrease global expenditure
on diabetes and its chronic complications in the
vulnerable population of people with diabetes
[1]. Based on the results of cardiovascular out-
come trials (CVOT) and other trials on new
antidiabetic drugs, a new perspective on dia-
betes management has emerged. Drugs with
proven cardiovascular risk reduction character-
istics are now referred to as diabetes/disease-
modifying drugs, since they possess several
beneficial effects beyond glycaemic control,
such as cardiovascular system protection, renal
protection, weight reduction, blood pressure
lowering and protection against hypoglycaemia
[2]. Representatives of these drugs include
sodium glucose co-transporter 2 (SGLT-2) inhi-
bitors and glucagon-like peptide-1 (GLP-1)
receptor agonists, whose protective benefits
have been established in CVOTs, and interna-
tional scientific guidelines have clearly recom-
mended their prescribing to most patients with
type 2 diabetes (T2D), regardless of their risk
factors or glycaemic control targets.

Therefore, the European Society of Cardiol-
ogy (ESC) guidelines suggest using either SGLT-
2 inhibitors or GLP-1 receptor agonists with
proven cardiovascular risk reduction benefits as
the first-line antidiabetic therapy in naı̈ve
patients with T2D with overt atherosclerotic
cardiovascular disease or with high or very high
cardiovascular risk. If patients with T2D have
been previously treated with metformin, the
guidelines suggest adding either of the two
drugs to the metformin therapy. In both cases,
introduction of these drugs should be irrespec-
tive of the initial glycated haemoglobin
(HbA1c) values [3]. The American College of
Cardiology (ACC) 2020 expert consensus on
novel therapies for cardiovascular risk reduction
in T2D similarly suggests using either SGLT-2
inhibitors or GLP-1 receptor agonists with pro-
ven cardiovascular benefit in patients with T2D
who are older than 18 years and who are at high
risk for atherosclerotic cardiovascular disease or
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have one of the following: atherosclerotic car-
diovascular disease, heart failure or diabetic
kidney disease. These suggestions are also irre-
spective of the initial HbA1c values and met-
formin is not recommended as an obligatory
primary therapy [4]. Both recommendations
allow for other antidiabetic drugs to be added to
the therapeutic regimen as necessary to achieve
adequate glycaemic control [3, 4]. Nevertheless,
as presented at the last American Diabetes
Association meeting in 2021, from the dia-
betologists’ point of view, metformin still
remains the first-line therapy in T2D [5]. This
new, simple approach in patients with T2D and
either established atherosclerotic cardiovascular
disease or risk factors for atherosclerotic car-
diovascular disease initially suggests combined
therapy with the combination of metformin
and GLP-1 receptor agonist [2].

GLP-1 receptor agonists have an excellent
impact on glycaemic control, and they also
promote body weight loss, slight decreases in
blood pressure and modest reductions in total
and low-density lipoprotein (LDL) cholesterol
as well as triglycerides, in addition to a number
of other beneficial effects [6–8]. GLP-1 receptors
are present on cardiomyocytes and endothelial
cells and in the autonomic nervous system [9].
Nevertheless, the cardiovascular protective
mechanisms of GLP-1 receptor agonists are still
poorly understood, even though some have
been proposed, such as anti-inflammatory
properties, improvement of endothelial dys-
function and reduction of myocardial ischae-
mia injury; however, not all GLP-1 receptor
agonists have proven to have cardio-renal pro-
tective actions [10]. Those with a proven ability
to reduce major adverse cardiovascular events
(MACE) are liraglutide, dulaglutide, albiglutide
and subcutaneous semaglutide; in contrast, oral
semaglutide was found to show only a trend
towards MACE reduction, but this effect was not
statistically significant as the cardiovascular
noninferiority study lasted \ 2 years [11–13].
Further studies are ongoing that will show
whether treatment with oral semaglutide could
reach the same beneficial effect on MACE as its
injectable counterpart [11, 14]. However, as
both drug formulations contain the same active

agent, one could deduce that the impact on
MACE should and will prove to be similar.

The established beneficial cardiovascular
outcomes of GLP-1 receptor agonists seem to be
mediated through their actions on endothelial
function, blood lipids, blood pressure decrease
and anti-inflammatory activity [11, 14, 15].
Some GLP-1 receptor agonists with proven car-
diovascular benefit have a beneficial action on
the very first step of the atherosclerotic cascade,
reducing atherogenic small dense LDL [16, 17].
This benefit is in line with the proposed direct
anti-atherosclerotic action of liraglutide, which
showed cardiovascular benefit in the LEADER
trial [18], since evidence from preclinical and
clinical studies suggest that this GLP-1 receptor
agonist can reduce atherosclerosis formation
and progression [19]. Similar effects with
semaglutide are to be expected, based on the
first preclinical observations with this innova-
tive agent [20]. A clinical trial investigating the
effect of injectable semaglutide on coronary
atherosclerosis progression is also ongoing [21].
One of the frequent barriers to the introduction
of GLP-1 receptor agonists in clinical practice is
the injection treatment; therefore, the devel-
opment of an oral semaglutide formulation
(tablet) allows this obstacle to be bypassed. Oral
semaglutide is the first GLP-1 receptor agonist
to be produced in the form of a once-daily oral
formulation, and is the only oral GLP-1 receptor
agonist currently available on the market. In the
present study, we therefore focussed on oral
semaglutide. Its pharmaceutical innovation
includes the coformulation of semaglutide with
sodium N-[8-(2-hydroxybenzoyl) amino] capry-
late (SNAC) [22]. The latter attenuates enzyme
digestion, increases local gastric pH and is the
absorption enhancer that enables efficient
bioavailability of the oral formulation [22].

The beneficial effects of GLP-1 receptor ago-
nists on the process of atherosclerosis have not
yet explored for the more novel agents and the
mechanisms involved remain to be fully eluci-
dated. To date, studies have been performed for
injectable GLP-1 receptor agonists, but not for
the only oral agent available in this class,
semaglutide. Therefore, the aim of the study
described herein is to explore the possible anti-
atherosclerotic effects of oral semaglutide, and
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its beneficial effects associated with arterial
structure and functional parameters in patients
with T2D without overt cardiovascular disease,
with a specific focus on its possible action on
primary cardiovascular disease prevention.

Objectives

The objectives of the study, all related to
patients with T2D, are:

• Objective 1: to explore whether treatment
with oral semaglutide can reduce carotid
intima-media thickness (cIMT);

• Objective 2: to study whether treatment
with oral semaglutide can improve endothe-
lial function and/or decrease arterial
stiffness;

• Objective 3: to investigate whether treat-
ment with oral semaglutide can lead to
improvement of atherogenic dyslipidaemia;

• Objective 4: to investigate whether treat-
ment with oral semaglutide can influence
the levels of high sensitivity C-reactive pro-
tein (hsCRP);

• Objective 5: to explore whether objectives
1–3 are correlated with each other and if
they correlate with changes in lipids, HbA1c
and hsCRP, thereby, at least partially,
explaining the anti-atherogenic potential
and underlying mechanisms of the oral
semaglutide formulation (tablet).

METHODS

Study Design

The SAMAS study is designed as a single, blin-
ded, randomized trial of 12 months duration,
with the aim to investigate the anti-atheroscle-
rotic mechanisms of oral semaglutide versus
placebo in patients with T2D. The participants
will be randomized in a 1:1 ratio to the oral
semaglutide or placebo treatment groups. They
will be recruited from the diabetes outpatient
clinic of the University Medical Centre Ljubl-
jana, Ljubljana, Slovenia. The study was
approved on 23 August 2021 by the Slovenian

National Medical Ethics Committee (Approval
No. 0120–245/2021/3), and it will be conducted
in accordance with the Declaration of Helsinki
and Good Clinical practice guidelines. The
study is supported by a grant of the University
Medical Centre Ljubljana, Ljubljana, Slovenia
(Grant No. 20210043). Participants will have to
sign informed consent to participate.

Sample Selection

The aim is to recruit 100 consecutive patients
with T2D of both genders, aged between 30 and
60 years. They will have to fulfil all of the
inclusion criteria while not meeting any of the
exclusion criteria (listed in Table 1). As basic
antidiabetic therapy, participants will have to
be treated with at least the optimal dose of
metformin (i.e. 2000 mg daily) with or without
sulphonylurea. The required glycaemic control
at the entry to the study, based on HbA1c, will
be B 8.5%. The rationale underlying this choice
is based on these patients being naı̈ve for
antidiabetic therapy with additional protective
effects on the cardiovascular system (e.g. for
treatment with SGLT-2 inhibitors). The pres-
ence of additional cardiovascular risk factors
(smoking, arterial hypertension, dyslipidaemia
and chronic kidney disease stage 1–3), but not
overt cardiovascular disease, allow the patients
to be eligible for acceptance into the trial. In
this regard, other cardioprotective therapy, i.e.,
angiotensin-converting enzyme inhibitors/sar-
tans, statins or beta blockers, will be maintained
during the study, with the aim to strict and
optimal regulation of cardiovascular risk factors.

Recruitment Strategy

Patients will be recruited from the diabetes
outpatient clinic, where we already have a large
pool of patients who are registered as having
T2D. Additionally, patients are continuously
referred to our outpatient clinic by general
practitioners, and these patients also represent
additional pool of possible recruitment candi-
dates. Therefore, in accordance with the inclu-
sion and exclusion criteria, we expect the pool
of patients to be sufficient. The patients will
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Table 1 Inclusion and exclusion criteria for entry into the Semaglutide Anti-atherosclerotic Mechanisms of Action Study
(SAMAS) trial

Inclusion and exclusion criteria

Inclusion criteria

- Confirmed diagnosis of diabetes type 2 with duration of up to 10 years;

- Age 30–60 years; both genders

- Treatment with the optimal dose of metformin (i.e. 2000 mg daily) with or without sulphonylurea treatment

- HbA1c B 8.5%

- BMI C 30 kg/m2a

- Signed written informed consent

Exclusion criteria

- Current treatment with GLP-1 agonist

- Treatment with GLP-1 agonist within the last year

- Treatment with SGLT-2 inhibitors

- Known cardiovascular disease [angina pectoris, history of myocardial infarction, ischaemic heart disease, heart failure,

known carotid atherosclerosis, objectively proven peripheral artery disease, known atherosclerotic disease of any other

location (mesenteric, renal, subclavian, aortic)]

- Chronic kidney disease stages 4–5, i.e. eGFR\ 30 ml/min or after kidney transplant

- Severe hepatic impairment

- Proliferative retinopathy or maculopathy or active treatment of any of these

- Presence or history of malignant neoplasm within 5 years prior to the day of screening

- History of thyroid cancer regardless of duration of remission

- Active inflammatory bowel disease

- History of major surgical procedures involving the stomach, potentially affecting absorption of drugs and/or nutrients

- Acute infections such as human immunodeficiency virus (HIV), hepatitis B virus or hepatitis C virus

- A presence or history of pancreatitis (acute or chronic)

- A family (first-degree relatives) or personal history of multiple endocrine neoplasia type 2 or familial history of

medullary thyroid carcinoma

- Pregnancy, expected pregnancy or breast feeding

- Allergy to any of the ingredients of the study medication: semaglutide, salcaprozate sodium, povidone K90, cellulose,

microcrystalline magnesium stearate

- Any condition that could interfere with trial participation (such as inability to follow frequent trial visits according to

protocol schedule)

BMI body mass index, eGFR estimated glomerular filtration rate, GLP-1 glucagon-like receptor 1, HbA1c glycated hae-
moglobin, SGLT-2 sodium glucose co-transporter 2
aThe cut-off for BMI[ 30 kg/m2 was chosen as an inclusion criterion due to restrictions for prescribing GLP-1 receptor
agonists in Slovenia
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receive written and oral information about the
study at the outpatient clinic, they will have
sufficient time to consider enrolling up to the
first visit, when they will sign written informed
consent. At the first visit, all the inclusion and
exclusion criteria (Table 1) will be rechecked.
Patients will be randomized to the study, after
signing a written informed consent form, in 1:1
fashion to receive either oral semaglutide or
placebo. They will be followed for 12 months,
i.e. the treatment period. The inclusion fre-
quency is expected to be stable and continuous
and will be regularly evaluated.

Withdrawal From the Study

All participants will be free to withdraw from
the study at any time. They would not be
requested to provide any reason for their with-
drawal, and their withdrawal from the study
will not influence their further treatment at the
diabetes outpatient clinic of the University
Medical Centre Ljubljana. Anticipated reasons
for withdrawal may include: consent with-
drawal, adverse events, pregnancy discovered
during the trial or failure to comply with the
trial medication or protocol. Missing B 5 drug
doses will not be the reason for exclusion, as
once the steady state is achieved, the thera-
peutic concentration of the drug in plasma
remains stable for a certain amount of time and
missing some pills does not influence it. Persons
with newly diagnosed carotid plaques will be
withdrawn from the study and, if necessary,
referred for further diagnostics. Also, all the
participants with major pathologic findings on
clinical examination will be withdrawn from
the trial at the discretion of the investigator. In
the case of findings that merit further attention,
the participants will be referred to the appro-
priate specialist(s). If additional cardioprotec-
tive therapy needs to be introduced in the
treatment regimen, the participants will also be
withdrawn from the study.

Sample Size

The sample size calculation was performed for
the primary endpoint of our study, i.e. to

explore whether treatment with oral semaglu-
tide can reduce the cIMT; the cIMT was calcu-
lated based on data from a previous study [22],
and the standard deviation was estimated to be
0.29 mm. Setting the targeted statistical power
of analysis at 90% with two-sided test alpha (a)
value of 0.05 and aiming to show a decrease of
15% after treatment with oral semaglutide, the
required number of patients was calculated to
be 92. Based on our previous experience, the
drop-out rate is estimated to be around 8–10%;
therefore, our aim is to randomize a total of 100
participants to either the oral semaglutide or
placebo arm.

Randomization

The participants would be randomized into two
groups by personnel performing the random-
ization process; these persons will not be blin-
ded. In contrast, the investigators, those
performing the ultrasonography and other
metrics, those assessing outcomes, those per-
forming the data analysis and patients will
remain blinded through the whole course of the
study. Unblinding of the participants will be
permissible in case of medical emergencies that
require knowledge of treatment allocation and
in the cases of serious adverse events or sus-
pected unexpected serious adverse reaction(s).

Intervention

Patients will be assigned to two groups, with
one receiving the active agent and the other
receiving placebo. The active substance will be
the oral GLP-1 receptor agonist semaglutide
(Rybelsus 3 mg, 7 mg, 14 mg tablets; Novo
Nordisk A/S Bagsvaerd, Denmark). The drug will
have to be taken on an empty stomach in the
morning after at least an 8 h fasting period.
After the oral semaglutide tablet is ingested, the
subjects will have to wait at least 30 min before
eating, drinking or taking other oral medica-
tions. The oral semaglutide tablet must be taken
with no more than a half glass of water (equiv-
alent to 120 ml), must be swallowed whole and
can not be split, crushed or chewed. The start-
ing dose of oral semaglutide will be 3 mg; after
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30 days, a dose escalation to 7 mg is anticipated;
and after another 30 days, dose escalation to
14 mg, i.e., the maintenance dose, is expected.
A dose escalation regimen is needed to avoid
the development of the potential side effects
(listed in Table 2). Dose escalation will be
encouraged by notifying the patient by phone,
with the call made 1 day prior to the day on
which the new dose starts. If treatment with
oral semaglutide is associated with unaccept-
able gastrointestinal side effects (moderate to
severe), dose reduction or extension of dose

escalation intervals will be allowed as judged by
the unblinded nurse involved in the random-
ization process.

The placebo and semaglutide tablets will be
provided in identical cases, will be identically
shaped and will be packed in identically shaped
bottles that will be labelled with numbers. The
patients will be advised to contact the study
team in case of any problems or adverse events
during the study.

Treatment Allocation

After the screening, the participants will be
randomized to one of the two study groups in
1:1 ratio. A non-blinded study nurse (otherwise
not associated with the trial) will allocate study
participants into the groups evenly. Patients
will be given a sufficient number of tablets
(placebo or semaglutide) in bottles labelled by
numbers, for the first 6 months of therapy. An
additional drug package will be provided to
each patient at the 6-month interval.

Trial Visits and Examinations

The trial will consist of three visits (V1, V2, V3)
and three phone calls (P1, P2, P3) (Fig. 1).
After initial screening for suitable candidates at
the diabetes outpatient clinic, those eligible
will be invited for the V1 (day 0) at which time
a complete clinical examination (including
blood pressure measurement and anthropo-
metric measurements) will be performed, fol-
lowed by ultrasound and endothelial function
measurements as well as determination of arte-
rial stiffness. A package of drugs (comprising of
6 bottles labelled 1–6) for the first 6 months will
be handed over. Detailed instructions will be
provided on the use of the oral semaglutide
tablets (as explained above) and on the
sequence at which the numbered bottles should
be opened and the tablets taken. After the
imaging and functional studies, blood samples
will be collected. Similar procedures will be
performed at V2 (6 months after the V1) and at
the V3 (12 months after V1, i.e. the end of the
study). At V2, glycaemic control will be re-
evaluated, and in the case of insufficient

Table 2 Potential adverse effects of the oral semaglutide

Potential adverse effects of oral semaglutide

Metabolic and nutritional

- Hypoglycaemia in conjunction with sulphonylurea or

insulin

- Decreased appetite

Gastrointestinal

- Nausea

- Diarrhoea

- Vomiting

- Abdominal pain

- Abdominal bloating

- Constipation

- Dyspepsia

- Gastritis

- Gastroesophageal reflux disease

- Flatulence

- Acute pancreatitis

- Cholelithiasis

Other

- Diabetic retinopathy complications

- Anaphylactic reaction

- Increased heart rate

- Increased lipase and/or amylase

- Weight decrease
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control, rescue therapy with basal insulin will
be initiated. Patients will also be educated on
the use of insulin and dose titration.

The glycaemic control at V2 is defined as
insufficient if the HbA1c value decreases by \
15% compared to the value at V1, or if the
HbA1c value persists at or rises [ 8.0%. At P1
(30 days after V1), an assessment of patient
adherence and potential side effects will be
made, and encouragement for dose titration
(opening of the next numbered bottle) from day
31 will be given. The same steps will be taken on
day 60, with encouragement given for the
higher dose (opening of the next numbered
bottle) to be initiated on day 61. At 30 days after
the full oral dose of semaglutide is reached, the
patient will receive P3, with inquiries about
adherence and potential side effects. Also, from
V1 onwards, in case of hypoglycaemia events or
significant blood glucose reduction, patients
will be encouraged to reduce the sulphonylurea
dose or discontinue using it completely, while
still adhering to treatment with oral semagul-
tide, as this agent alone or in combination with
metformin does not cause hypoglycaemia.

Measurements

All measurements will be performed in a stan-
dardized, comfortable, warm environment,
under the same conditions at every visit. All
patients will be asked to overnight fast for at
least 8 h prior to each examination. The mea-
surements will be performed in the early
morning before the patient’s first meal. Patients
will also be asked to refrain from smoking and
drinking alcoholic beverages or coffee for the
same amount of time.

History and Clinical Examination
Detailed history and standard clinical exami-
nation of all organ systems will be performed.
In the case that certain major pathologic fea-
tures associated with the exclusion criteria are
found, the participant will be withdrawn from
the study and referred to the appropriate
specialist(s).

Anthropometric Measurements
Anthropometric measurements will include
height, weight, waist circumference. Height will

Fig. 1 Study protocol. cIMT Carotid intima-media
thickness, EndoPAT device allowing non-invasive mea-
surement of vasoreactivity, V1, V2, V3 visits 1 (day 0), 2, 3,

respectively, P1, P2, P3 phone call 1, 2, 3, respectively,
SphygmoCor technology assessing arterial stiffness
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be measured using the standard wall-mounted
stadiometer and expressed in centimetres.
Weight will be measured using the standard
body scale and expressed in kilograms. Body
mass index will then be calculated and expres-
sed in kilograms per square meter. Waist cir-
cumference will be measured using non-rigid
measurement tape and expressed in
centimetres.

Blood Pressure Measurement
An automated sphygmomanometer will be used
for blood pressure measurements and expressed
in millimetres of mercury (mmHg).

Ultrasound Measurements of the Carotid
Intima Media Thickness
Ultrasound cIMT measurements will be per-
formed by the single investigator who is blinded
to the patient’s therapy; the investigator will
also not have access to the previous ultrasound
scans when follow-up measurements are made.
The ultrasound examination will be performed
using the General Electric Logiq F6 (GE
Healthcare, Chicago, IL, USA) ultrasound
machine. The L6-12-RS linear probe with the
frequency of 3.7–13.0 MHz will be used for
vascular examination, as per manufacturer’s
instructions. The cIMT measurements will be
performed in the standard manner, i.e. supine
position of the participant and standard angles
of insonation of carotid arteries.

Complete wall segments of the carotid artery
branches will be carefully scanned bilaterally,
starting with the common carotid artery just
above the clavicle, sliding upwards towards the
bifurcation and along the internal carotid
artery. Near and far planes of each of the arterial
segments will be scanned, while measurements
will be made starting 1.0 cm proximal to the
bifurcation, followed by the bifurcation itself
and then 1.0 cm of the proximal internal car-
otid artery segment [23]. The auto-IMT modal-
ity of the ultrasound machine software will be
used, which will automatically—and indepen-
dently of the observer—detect the cIMT, con-
sidering that the distance between the
echogenic line represents the intimal blood
interface and the outer echogenic line

represents the adventitial junction. The maxi-
mum cIMT value, expressed in millimetres, will
be used for analysis, and determined as the
mean of all six measurements performed bilat-
erally [23, 24].

Measurement of Endothelial Function
The endothelial function measurement will be
performed on the peripheral arterial tone using
the EndoPAT 2000 device (Itamar Medical Ltd.,
Caesarea, Israel); this device has been approved
by the US Food and Drug Administration (FDA)
for determination of endothelial dysfunction. It
will produce standardized measurements that
are mostly independent of the investigator.
Patients will be lying in a semi-supine position,
with their forearms extended on the foam arm
rest at a 408 angle as per manufacturer’s
instructions. Pneumatic probes will be placed
on the index fingers bilaterally and inflated to
70 mmHg to squeeze the veins and prevent the
veno-arteriolar vasoconstrictor reflex. At this
point of time, a baseline signal will be recorded.
After 5 min of baseline recording, a blood pres-
sure cuff on one forearm will be inflated to at
least 60 mmHg above the patient’s systolic
blood pressure for another 5 min. The blood
pressure cuff will then be rapidly deflated,
causing reactive hyperaemia, and the signal will
then be followed for the last 5 min. The reactive
hyperaemia index (RHI) will be calculated using
the manufacturer’s algorithm based on the
ratios between pulse wave amplitudes during
the reactive hyperaemia and baseline phases
[25–27].

Measurement of Arterial Stiffness
Arterial stiffness will be measured using the
SphygmoCor device with CvMS software (ver-
sion 9) (AtCor Medical Pty Ltd., West Ryde,
Australia). For this measurement, the investi-
gator will again be blinded regarding the ther-
apy that a patient is taking as well as the results
of the previous measurements. The measure-
ments will be performed according to the
Consensus document on arterial stiffness for
measurement of carotid-femoral pulse wave
velocity (cfPWV) [28]. The pulse waveforms will
be collected at two sides on the right-hand side
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of the body, with the patient lying in the supine
position. Pulse waveforms will first be obtained
at the common carotid artery, then on the
femoral artery. The distances from the sternal
notch to the common carotid artery and from
the sternal notch to the femoral artery will be
measured. The CvMS software will then calcu-
late the cfPWV automatically as the ratio of the
pulse wave distance travelled and the transit
time needed [28, 29].

Laboratory Analyses
Venous blood samples will be taken after an
overnight fast of at least 8 h. If required, selec-
ted blood samples will be centrifuged within
30 min after collection. Aliquots of both serum
and plasma will be collected, and some will be
used for immediate analyses and will be imme-
diately frozen at - 80 �C.

HbA1c, fasting blood glucose, creatinine,
electrolytes, hepatic enzymes and lipids (total
cholesterol, triglycerides and high-density
lipoproteins) will be measured by standard lab-
oratory methods using the VITRO 5.1FS
Chemistry System (Ortho Clinical Diagnostics,
Raritan, NJ, USA). LDL will be calculated using
the Friedewald formula. HsCRP will be mea-
sured in serum using the VITROS Chemistry
Products hsCRP Reagent (Ortho- Clinical Diag-
nostics, Inc., Rochester, NY, USA). Uric acid will
be determined by enzymatic reaction with uri-
case and Trinder-like endpoint product detec-
tion (ADVIA Chemistry Systems, Siemens
Healthcare Diagnostics Inc., Tarrytown, NY,
USA). The CKD-EPI (Chronic Kidney Disease
Epidemiology Collaboration) formula will be
used to calculate estimated glomerular filtration
rate. Parameters of inflammation will also be
analysed, and additional parameters of coagu-
lation will be determined.

The insulin resistance index (HOMA-IR) will
be calculated from fasting insulin (FI) values in
venous blood samples and fasting blood glucose
(FBG) according to the following equation:
FBG 9 FI/22.5.

For analyses of the lipoprotein subclasses,
the samples will be stored at - 80 �C immedi-
ately after collection and then analysed at a
later time point to determine at least 11
lipoprotein subclasses, including very-low-

density lipoproteins, intermediate-density
lipoprotein subclasses (IDL-A, IDL-B and IDL-
C) and seven LDL subclasses (LDL1–7); the US
FDA-approved non-denaturing, linear poly-
acrylamide gel electrophoresis system (Lipo-
print; Quantimetrix Corp., Redondo Beach, CA,
USA) will be used for determiniation of the LDL
subclasses [17]. Electrophoresis will be per-
formed for 60 min at 3 mA in a gel tube, with
each chamber having two quality controls; after
electrophoresis, the gel tubes will be scanned
using the ArtixScan F1 densitometric flatbed
scanner (Microtek Int. Corp., Hsinchu, Taiwan)
combined with a Mac personal computer (Apple
Inc, Cupertino, CA, USA) with the ScanWizard
Pro software installed (Microtek Int. Corp.) [17].
The relative area of each lipoprotein band will
be determined and multiplied by the total
cholesterol concentration of the sample, and
LDL subclasses will be defined as seven bands
(LDL1-7, respectively) [30, 31].

Planned Outcomes

The main objectives of the present study, as
explained above, are to examine the mecha-
nisms responsible for anti-atherosclerotic and
cardioprotective actions of the oral semaglutide
formulation in patients with T2D without
manifested cardiovascular disease.

Primary Outcome
The anticipated primary outcome is the reduc-
tion in cIMT, improvement of endothelial
function and reduction of arterial stiffness, after
12 months of treatment with oral semaglutide.

Secondary Outcomes
The anticipated secondary outcomes comprise
reduction in atherogenic small dense LDL,
improvement of HbA1c and reduction of
hsCRP, after 12 months treatment with oral
semaglutide. Additionally, possible correlations
between the primary and secondary endpoints
will be sought. Also, the revaluation visit at
6 months will enable the pace of the oral
semaglutide’s anti-atherosclerotic effect to be
evaluated.

804 Diabetes Ther (2022) 13:795–810



Data Collection

Participants will be identified by a personal
study identification (ID). All venous samples
will also be labelled by a study ID. Study data
(history and clinical examination data and
anthropometric measurements) will be col-
lected as paper case report forms that will be
stored securely. The data will also be entered
into the electronic database on an on-going
basis. The results of measurements of cIMT,
endothelial function examinations and arterial
stiffness examinations will be supported by data
from the measurement devices. Laboratory data
will be printed out from the laboratory analyses
and stored in paper form; the data will also be
transferred electronically to the electronic
database system of the study. The electronic
database will be stored in secured hard drives
with backups. The trial adheres to the Data
Protection Act that requires the data anonymi-
sation as soon as this is possible in the study.

Data Management

All data and information relating to the study
subjects will be saved and recorded on pass-
word-protected computers and will only be
accessible to the research team. A database will
also enable the research team to track each
participant’s progress throughout the trial,
including the scheduling of visits and
appointments.

Data Analysis and Statistical Analysis

Statistical analysis of the stored data, using the
two-way analysis of variance test, will be per-
formed at the end of the study. Where signifi-
cant differences will be found, subsequent tests
will be performed. Spearman’s test will be used
to assess the associations between different
parameters. P values\0.05 will be considered to
be statistically significant. Microsoft Office
Excel (Microsoft Corp., Redmond, WA, USA),
GraphPad Prism (GraphPad Software Inc., San
Diego, CA, USA) and SPSS (SPSS, IBM Corp.,
Armonk, NY, USA) software will be used for the
statistical analysis assessment.

DISCUSSION

The SAMAS study is designed to examine the
potential and expected beneficial effects of the
first oral GLP-1 receptor agonist, semaglutide,
beyond its glycaemic control capabilities, in
patients with T2D without manifested cardio-
vascular disease. To the best of our knowledge,
this is the first study of this kind. More specifi-
cally, the primary goal of the SAMAS study is to
evaluate the possible effect of oral semaglutide
on cIMT reduction, endothelial function
improvement and arterial stiffness reduction.
Therefore, this is an exploratory study that
evaluates these markers. We believe that GLP-1
receptor agonists with proven cardiovascular
benefit exert their beneficial action by reducing
atherosclerosis formation and progression, as
previously discussed [19]. This is the reason why
we included in our study not only the crude
measurement of cIMT but also the evaluation of
arterial wall parameters, such as endothelial
function and arterial stiffness. This beneficial
action is expected to be supported with addi-
tional beneficial effects on improvements in
lipid profiles, mainly through reduction of the
atherogenic small dense LDL subclasses, which
have a specific physico-chemical composition
and metabolic properties, including a reduced
affinity for the LDL receptor, lower antioxidant
capabilities and higher susceptibility to oxida-
tion [32]. Small dense LDLs have greater arterial
entry and retention abilities, and their oxida-
tion in the intima is considered to represent the
very first step of the atherosclerotic cascade [33].
Additionally, HbA1c improvement as well as
reduction in hsCRP will be studied. Correlations
between these findings are also to be sought.

Patients with diabetes are at significantly
increased risk for cardiovascular complications
compared to the general population. As this risk
is only partially associated with glycaemic con-
trol, additional risk reduction strategies remain
of outmost importance in this particularly vul-
nerable patient population; consequently,
management approaches targeting optimal
glycaemic control (as defined by individualized
HbA1c) as well as multifactorial cardiovascular
risk factors optimization have become the basis
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of the modern diabetes management [34]. The
therapeutic possibilities in this field have
become even more exciting with the availability
of antidiabetic agents with proven beneficial
effects on cardiovascular risk reduction.
Namely, it has become evident that some GLP-1
receptor agonists and some SGLT-2 inhibitors
provide significant cardiovascular risk reduction
in patients with diabetes, regardless of the gly-
caemic control achieved [35]. These surprising
and favourable findings have generated a com-
plete change in the paradigm of T2D treatment
perception. The term diabetes disease-modify-
ing drugs has emerged, as it is perceived that
these drugs could potentially change the pro-
gression of diabetes itself, allowing for good
glycaemic control, which in turn leads to a
reduction in microvascular complications and,
importantly, a great reduction in cardiovascular
risk, ultimately resulting in more chronic com-
plication-free years and better quality of life
[34]. This approach consists of metformin, as an
everlasting pillar of antidiabetic therapy, in
conjunction with either a GLP-1 receptor ago-
nist, an SGLT-2 inhibitor or both. This simple
approach is based on the relative safety of all
the drugs used, not only in terms of adverse
effects and kidney function, but also due to low
or no hypoglycaemia risk. Based on all of the
described benefits, there only remain local
hurdles of social security institutions to be
overcome for the present approach to come to
life [2, 35].

Nevertheless, an obstacle for the proper use
of GLP-1 receptor agonists in clinical practice
may be the injectable form of these drugs,
despite the clear international recommenda-
tions issued by both diabetologists and cardiol-
ogists [36]. It is known that the fear level of
patients with diabetes increases with the use of
injections, resulting in resistance to therapy
intensification. We believe that this would sig-
nificantly change with the emergence of the
first oral GLP-1 receptor agonist, namely oral
semaglutide. Applicability of the GLP-1 receptor
agonist as a pill will allow for a simple initia-
tion, maintenance and/or intensification of
therapy, easing the fear of patients for injection
therapy. Therefore, better adherence and less
therapeutic inertia is expected with the use of

oral semaglutide [35, 37]. Based on the authors’
clinical practice experiences, we have observed
that individuals generally do not fully under-
stand the difference between non-insulin and
insulin injections. Indeed, many patients per-
ceive any injectable therapy as similar to insulin
therapy, thus rejecting any injectable therapy.
This has been proposed by many authors as an
explanation for the slow adoption in clinical
practice of the most recent recommendations
from international scientific guidelines on dia-
betes, which have emphasized for several years
the importance of early treatment with GLP-1
receptor agonists [36, 38]. We are aware that
most patients usually prefer oral pills and not
injections, with the majority afraid of needles,
even if the injection is once weekly.

GLP-1 receptor agonists, particularly those
that are analogous to the human GLP-1, have
been proven to have cardio-renal protective
actions (liraglutide, dulaglutide and semaglu-
tide) [35]. Interestingly, oral semaglutide has
been proven to provide cardiovascular safety
without the superior cardiovascular risk reduc-
tion benefit that was shown for its
injectable counterpart. Nevertheless, as both
formulations have the same active substance,
we suggest that this effect has not been proven
due to the design of the very short and event-
driven CVOT, PIONEER 6, which was primarily
performed to prove its cardiovascular safety
[39, 40]. Oral semaglutide showed a clear trend
towards reducing the risk of MACE, by 21%,
which was statistically nonsignificant compared
to 26% for injectable semaglutide, both versus
placebo [39]. Nevertheless, oral semaglutide
provided 49% relative risk reduction in all-cause
mortality versus placebo [39]. These numbers
speak for themselves and merit evaluation in
other studies, one of which, the SOUL study
(NCT03914326), is well under way, to prove
oral semaglutide’s superiority in cardiovascular
risk reduction.

Based on all of the evidence to date, we
believe there is sufficient ground to perform the
SAMAS study with the oral formulation of
semaglutide. Mechanisms of its cardiovascular
protective action have not yet been explained.
We believe that it might act through the
improvement of the preclinical
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pathophysiologic changes associated with
atherosclerosis, i.e. improvement of endothelial
function and reduction of arterial stiffness, both
of which represent the first functional
atherosclerosis-associated changes in this com-
plex process. Additionally, we believe that
reduction of very atherogenic small dense LDL
might also reduce the cIMT, which could be the
first morphological atherosclerotic change [41].
Similarly, cIMT reduction has been proven for
liraglutide [17]. However, conflicting results on
the atherosclerosis process (cIMT reduction,
plaque volume and composition) were pub-
lished for exenatide, as expected [11–13].

If the results of the SAMAS study are positive,
we believe that it will add an additional tile to
the mosaic of modern T2D treatment approa-
ches. We believe that treating diabetes with
modern, high-quality drugs with proven bene-
fits on glycemia control and cardiovascular risk
reduction will provide long-term improvement
in patients’ lives, delaying and preventing
micro- as well as macrovascular complications
and improving quality of life per se and, finally,
allow for long-term reduction of healthcare
expenditure (which is high in most countries).

The main limitation of this study is its single
blinded design. Another potential limitation
may be its relative short duration of 12 months,
which may be too short for certain cardiovas-
cular risk parameters to change significantly
since the study population will not include
subjects with overt cardiovascular diseases. Still,
the proposed SAMAS study has several
strengths:

• This is the first study to investigate the direct
anti-atherosclerotic effects of the oral
semaglutide formulation (tablet) by an inde-
pendent investigator study, without any role
of the industry.

• The study will investigate the direct and
indirect mechanisms underlying the benefi-
cial effects of oral semaglutide on arterial
function.

• The study will provide insight into the
primary cardiovascular prevention capabili-
ties of oral semaglutide since we will recruit
patients without known cardiovascular dis-
eases and naı̈ve for treatment with

antidiabetic drugs with proven cardiovascu-
lar benefit.
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