
Type 2 diabetes mellitus (T2DM) is 
known for its cardiovascular compli-

cations. A primary mechanism for these 
complications is endothelial dysfunction. 
The endothelium is a single layer of cells 
on the inner surface of the blood vessels. 
These cells regulate cell adhesion, tissue 
metabolism, angiogenesis, inflammation, 
hemostasis, angiogenesis, and blood clot-
ting [1]. The endothelium produces nitric 
oxide and prostacyclin (PGI2) for vaso-
dilation and endothelin-1 (ET-1) and an-
giotensin II (AT-II) for vasoconstriction. 
The main proposed mechanism in which 
hyperglycemia injures blood vessels is 
reduction in nitric oxide availability and 
accumulation of oxidative stress [2]. 

Hyperglycemia might also produce 
intra-cellular advanced glycation end 
products (AGEs), which enhance inflam-
mation and reduce phagocytosis, and 
nitric oxide production. Hyperglycemia 
activates protein kinase C, which pro-
motes intra-cellular reactions such as the 
production of extracellular matrix and 
cytokines, enhances contractility, per-
meability, and vascular cell proliferation. 
Hyperglycemia also activates nuclear 

-
lar inflammation by production of vascu-
lar adhesion molecules and cytokines [3]. 

Advanced research in the field of ge-
netics has shown that some microRNAs 
are under-expressed in T2DM patients 
and this injures vasodilation [4]. Endo-

thelial injury does not only occur because 
of high levels of glucose, but also be-
cause of high levels of insulin due to in-
sulin resistance. Pathways of Phosphati-
dylinositol-3-kinase (PI3K) and Mitogen 
Activated Protein Kinase (MAPK) are 
disturbed by insulin resistance resulting 
in lower nitric oxide levels and high ET-
1 levels [5]. Insulin resistance increases 
expression of PAI-1 that has part in the 
coagulation system. Excessive release 
of free fatty acids (FFAs) due to insulin 
resistance leads to increased vascular in-
flammation and expression of NADPH 
oxidases, mitochondrial uncoupling and 
increased superoxide production. 

The assessment of endothelial dys-
function can be split to two main meth-
ods. biomarkers and imaging [6]. The 
most practical method is flow-mediated 
dilatation (FMD) of the brachial artery 
and peripheral arterial tonometry (PAT). 
Both are non-invasive and highly cor-
related with invasive coronary endothe-
lium function. 

Biomarkers are another method of as-
sessing endothelial dysfunction. There are 
many biomarkers that have been shown 
to be accurate in assessing endothelial 
function. Among them are: soluble inter-
cellular adhesion molecule (sICAM-1), 
soluble vascular cell adhesion molecule 
(sVCAM), soluble P-selectin (sP-selectin), 
soluble E-selectin (sE-selectin), asymmet-
rical dimethylarginine (ADMA), oxidized 
low-density lipoprotein (oxLDL), and 

 
Low carbohydrate, ketogenic diet, 

and vegan diets have been shown to be 
effective for T2DM patients [9-12]. One 
particular diet that was examined in many 

studies is the Mediterranean diet. The 
Mediterranean diet is effective in reduc-
ing weight and leads to better glycemic 
control. Unlike other diets, the Mediter-
ranean diet is more easily maintained. 
The relatively low financial cost of the 
diet and not eliminating any food groups 
may make it more likely that patients 
would adhere to it. Studies have shown 
that the Mediterranean diet is associated 
with distinct changes in the epigenetic 
and proteomic factors [13].

The current issue of the 
 ( ) includes 

an article [14] on the effect of the Med-
iterranean diet on endothelial dysfunc-
tion in T2DM. Lifestyle changes are 
a main element in treating T2DM and 
should always accompany any medical 
treatment. The authors examined en-
dothelial dysfunction and markers of 
inflammation in T2DM patients with 
no cardiovascular disease (CVD). The 
study included 22 patients. Endothelial 
function was measured by flow medi-
ated percent change (FMD%). Inflam-
matory markers were also examined 
and included C-reactive protein (CRP) 
and intercellular adhesion molecule-1 
(ICAM-1). The study showed improve-
ment in endothelial dysfunction and a 
reduction in inflammation. Endothelial 
dysfunction was evaluated by the brachi-
al artery method: measuring flow medi-
ated diameter percent change (FMD%) 
following inflation of a blood pressure 
cuff on the arm. Patients with back-
ground illnesses that might influence 
endothelial dysfunction were excluded. 
Laboratory evaluation was performed 
twice. Intervention was based on week-



ly telephone calls by a clinical dietitian 
for 3 months. Patients in the interven-
tion group improved their endothelial 
function with reduction of markers of 
inflammation. The article elucidates in-
terventions conducted for endothelial 
dysfunction. These interventions are not 
performed regularly in common practice 
but, as the authors showed, can easily be 
implemented. Interventions altering en-
dothelial dysfunction can be as simple 
as following a certain diet. Examining 
the physiology of the endothelium by 
non-invasive means is not complicated 
and should be performed, like suggested 
by the authors. The article introduces an 
effective way to follow diabetic or vascu-
lar patients and treatment options. 

The CORDIOPREV trial [15] showed 
that long-term consumption of a Medi-
terranean diet improves endothelial dys-
function, specifically in patients with 
pre-diabetes and diabetes with previously 
established atherosclerosis. Schwing-
shackl and colleagues [16] performed a 
meta-analysis showing that a Mediterra-
nean diet improves inflammation markers 
and FMD. A recent meta-analysis evaluat-
ed data from 1930 participants and showed 
that the Mediterranean diet improves the 
functionality of the endothelium in adults, 
with an average improvement of 1.66% in 
FMD (

New medications for diabetes 
have emerged in the last few years. 
DPP-4 inhibitors, glucagon-like peptide-1 
receptor agonists (GLP-1 RAs), and so-
dium-glucose co-transporter-2 (SGLT-2) 
inhibitors and their effect on endothelial 
function and arterial stiffness are continu-
ously being examined [18]. There is still a 
lack of evidence in the field. DPP-4 inhib-
itors probably have only a modest effect 
on endothelial dysfunction. SGLT-2 inhib-
itors have a significant impact on endothe-
lial dysfunction and the effects of GLP-1 

RAs on endothelial dysfunction are de-
batable. Other medications examined 
with regard to endothelial dysfunction in 
T2DM are sildenafil, statins, ACE-inhib-
itors, ARBs, arginase inhibitors. Some 
laboratory trials even involve examining 
microRNAs [19]. 

Assessment of endothelial dysfunction 
should be considered in some patients with 
T2DM to better gauge their risk and help 
with adherence to lifestyle changes and 
medications. In the meantime, it seems 
that a combination of SGLT-2 inhibitors, 
GLP-1 agonists, and a Mediterranean diet 
might be best for endothelial dysfunction 
in diabetic patients [20]. 


