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Endothelial Dysfunction

Abstract
Endothelial dysfunction is a pathological state that underlies cardiovascular disease, 
hypertension, and diabetes. Continuing exposure to elevated blood glucose, lipids, 
homocysteine, toxins, inflammation, and oxidative stress contributes to endothelial 
damage and atherosclerosis that eventually leads to dysfunction. A deficiency of an-
tioxidants contributes to and accelerates endothelial dysfunction as well.

Damage to the vascular endothelium directly impairs its ability to facilitate vasodila-
tion, regulate blood flow, and safeguard against toxic metabolites. This impairment 
leads to cardiovascular, endocrine, gastrointestinal, renal, hepatic, and dermatological 
disorders.

Several biomarker patterns provide clues to early endothelial dysfunction including 
elevations in homocysteine, glucose, fibrinogen, hs-CRP, ferritin, oxidized LDL, and 
GGT. Suboptimal omega-3 index, adiponectin, and testosterone can also contribute. 
A functional blood chemistry analysis of related biomarkers can identify the earliest 
signs of endothelial dysfunction and provide an opportunity to intervene and resolve 
them before disease sets in.

Introduction
Cardiovascular disease (CVD) is the primary cause of death worldwide, cutting short an 
estimated 17.9 lives annually, according to the World Health Organization. Approximately four 
out of five of those deaths is attributed to heart attack and stroke.1

A growing body of evidence indicates that the underlying cause of most CVD is endothelial 
dysfunction caused by damage to the endothelial lining of the coronary arteries.

We must look at the physiology, function, and dysfunction of the vascular endothelium to 
understand CVD. We can then intervene to slow the progression of CVD or, preferably, take 
early steps to prevent it all together.

This review will cover a range of topics related to the endothelium and its role in health and 
disease including:

• Characteristics of a healthy endothelium

• Detrimental consequences of endothelial dysfunction 

• Diseases associated with endothelial dysfunction with a focus on cardiovascular disease

• Nitric oxide, the key to endothelial homeostasis

• Oxidative stress and atherosclerosis

• Signs, symptoms, and diagnosis of endothelial dysfunction  

• Biomarkers associated with endothelial dysfunction

• Treatment, intervention, and prevention of endothelial dysfunction 
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The Endothelium
The endothelium is a thin single-cell layer that forms the inner lining of blood vessels (capillaries, 
veins, and arteries), as well as the lymphatic system. 

This thin layer performs sizable functions including a custodial role in2 3 4

• Angiogenesis

• Blood fluidity

• Fibrosis

• Immune regulation

• Inflammation

• Modulation of leukocyte adhesion

• Platelet activation and aggregation

• Smooth muscle cell proliferation

• Thrombosis

• Vascular tone and blood flow

• Vasoactive hormone synthesis (e.g., angiotensin II)

• Vasomotor tone (via angiotensinogen, endothelin, nitric oxide, and prostacyclin)

• Wound healing

Within blood vessels, the endothelium regulates blood flow by sending relaxation/constriction 
messages to vascular smooth muscle cells.5 It also serves as a barrier that protects the smooth 
muscle, found in the middle of the artery, from toxic metabolites in the blood. When these toxic 
metabolites, such as homocysteine, chlorine, environmental pollutants, free radicals, and smoking 
(including e-cigarettes) damage smooth muscle cells, the process of atherosclerosis is initiated.6 7 8 
9 10

The protective sentinel of the endothelium is the endothelial glycocalyx, a mesh-like barrier that 
protects the interior endothelial lining. It comprises membrane-bound endothelial and plasma-
derived molecules, including glycoproteins, glycosaminoglycans, and proteoglycans. Hyaluronic 
acid, thrombomodulin, superoxide-dismutase, and antithrombin III can be found in this dynamic 
complex layer. Ongoing research suggests the endothelial glycocalyx plays a major role in the 
homeostasis of the blood vessel wall.11

The vascular endothelium can be considered the largest endocrine organ in the body due to its 
abundant production of vasoactive substances and its balancing act between12

• Antioxidation and pro-oxidation
• Growth inhibition and growth promotion
• Anti-thrombosis and pro-thrombosis
• Anti-inflammation and pro-inflammation
• Vasodilation and vasoconstriction
o Vasodilation is mediated by nitric oxide, endothelium-derived hyperpolarizing factor

(EDHF), and prostacyclin.
o Vasoconstriction is mediated by angiotensin II, endothelin-1 (ET-1), prostaglandin H-2, and

thromboxane.13

A healthy endothelium is characterized by reduced vascular tension and low oxidative stress… a 
state maintained with bioactive mediators including nitric oxide (NO). Disruption of this blood 
vessel bliss by noxious stimuli will cause endothelial dysfunction, laying the groundwork for 
atherosclerosis and blood vessel damage. 

http://optimaldx.com
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Decreased availability or function of NO in particular contributes to most endothelial dysfunction, 
and therefore the majority of cardiovascular disease.14 15 16  

“An overview of the effects of vascular endothelial factors on the function of vascular smooth 
muscle and circulating blood cells. In the healthy endothelium, the eNOS is responsible for most 
of the vascular NO production. However, eNOS becomes a potential ROS generator when in the 
pathological uncoupled state, due to various oxidative stresses. ACE, angiotensin-converting 
enzyme; Ach, acetylcholine; AT-I, angiotensin I; AT-II, angiotensin II; AT1, angiotensin 1 receptor; 
BH4, tetrahydrobiopterin; BK, bradykinin; cAMP, cyclic adenosine monophosphate; cGMP, cyclic 
guanosine monophosphate; ECE, endothelin converting enzyme; eNOS, endothelial nitric oxide 
synthase; EDHF, endothelium derived hyperpolarizing factor; ETA and ETB, endothelin A and 
B receptors; ET-1, endothelin-1; L-Arg, L-arginine; L-Cit, L-citrulline; M, muscarinic receptor; 
O2-, superoxide anion; ONOO-, peroxynitrite; NADPH, nicotinamide adenine dinucleotide 
phosphate; NO, nitric oxide; NOX, nicotinamide adenine dinucleotide phosphate oxidase; PGH2, 
prostaglandin H2; PGI2, prostaglandin I2; ROS, reactive oxygen species; S1B, serotonin receptor; 
TP, thromboxane prostanoid receptor; TXA2, thromboxane; 5-HT, serotonin; Θ, inhibition; ⊕, 
stimulation.”

Source: Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Approaches.” Journal of Korean medical 
science vol. 30,9 (2015): 1213-25. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License, which permits 
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

Nitric oxide
Nitric oxide is the keystone to endothelial homeostasis. It is derived from the conditionally 
essential amino acid arginine through the action of endothelial nitric oxide synthase and the 
influence of factors such as chemical agonists and shear stress.17

Nitric oxide has a protective effect on the endothelium through facilitation of vasodilation, platelet 
stabilization, inhibition of smooth muscle migration/hyperplasia, and maintenance of an anti-
inflammatory milieu.18  

http://optimaldx.com
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Specifically, nitric oxide inhibits:19

• Inflammation
• Leukocyte adhesion
• Oxidative stress
• Platelet aggregation
• Vascular smooth muscle cell migration and proliferation

However, once the endothelium is damaged, the protective effects of nitric oxide dissipate.20 The 
damaged area is very susceptible to fibrosis, lipid deposition, and infiltration of inflammatory 
immune cells.21

Endothelial dysfunction
You will see a pro-inflammatory and pro-thrombotic state with endothelial dysfunction along with 
progressively reduced vasodilation in affected blood vessels.22

Endothelial dysfunction refers to the functional and structural damage that occurs to the 
endothelium. Endothelial dysfunction and impaired vasodilation are also characteristic of diabetes 
and hypertension, revealing a “common enemy” among prevalent chronic “diseases.”23

Diseases associated with endothelial dysfunction 

• Atherosclerosis - Endothelial dysfunction is damage to the endothelial lining of the artery
and is thought to be a key event in the progression to atherosclerosis.

• Heart attacks and stroke - endothelial dysfunction has been shown to be of prognostic
significance in predicting vascular events including stroke and heart attacks.

• Diabetes - Endothelial dysfunction may be a hallmark of hypertension and diabetes24

• Congestive heart failure (CHF)- Elevated inflammatory markers associated with endothelial
dysfunction (CRP, TNF-alpha, von Willebrand factor, fibrinogen) may promote CHF.25

Causes of endothelial dysfunction

Traditional and contemporary risk factors for cardiovascular disease and atherosclerosis are found 
to be directly associated with endothelial dysfunction:26 27

• Adhesion molecule expression
• Arterial hypertension
• BMI (elevated)
• Cigarette smoking
• Diabetes
• Dyslipidemia
• Hyperglycemia
• Hypertension
• Insulin resistance
• Metabolic syndrome
• Oxidative stress
• Oxidized low density lipoprotein
• Proinflammatory cytokines
• Renin-angiotensin axis
• Toxin exposure

http://optimaldx.com
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Additional promoters of endothelial dysfunction include:

• Poor diet
• Nutrient deficiencies
• Lack of exercise, sedentary lifestyle
• Increased Homocysteine
o Homocysteine is dangerous because it can induce initial injury to the endothelium,

then facilitate the oxidation of the lipid/LDL that accumulates beneath the damaged
endothelium. Finally, homocysteine contributes to the abnormal accumulation of
blood components around the atherosclerotic lesion.28 29

• Hyperglycemia

o Circulating advanced glycation end-products (AGEs) correlate with atherosclerosis
and arterial stiffness in those with coronary artery disease30

o Aortic stiffness was associated with endothelial dysfunction in those with
hypertension and diabetes, but not in hypertension without diabetes31

o Endothelial dysfunction may contribute to development of type 2 diabetes and may
be present before overt hyperglycemia is detected32

 Endothelial cells are highly metabolic and take up circulating glucose via Glut-1
transporter without the need for insulin.

 Levels of glucose uptake by endothelial cells reflects circulating glucose levels
without any impact from insulin sensitivity.

• Increased fibrinogen synthesis

o Fibrinogen contributes to the clotting process, further jeopardizing the integrity and
function of the blood vessel

• Elevated C-reactive protein (CRP)

o CRP is a sign of inflammation and may actually damage the endothelium.33

o C-reactive protein may promote production of growth differentiation factor 15
(CD15), a molecule being researched for its potential as an independent biomarker of
cardiovascular disease.34

Immune response and endothelial dysfunction

Immune response and infiltration of immune cells can promote endothelial dysfunction and 
atherosclerosis. 

Neutrophils are the most abundant white blood cells of the immune system.35 These multi-
purpose cells can be both protective and destructive. On the downside, their contribution to 
atherosclerosis has been overlooked. They exude neutrophil extracellular traps (NETs) that 
trap pathogens but can also trigger endothelial dysfunction, inflammation, and atherosclerosis. 
NETs have been identified in atherosclerotic plaque. 

Researchers suggest that neutrophil counts are significant predictors of cardiovascular 
events.36

http://optimaldx.com
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NETosis interweaves atherosclerosis and thrombosis. 
• Neutrophil extracellular traps (NETs) are involved in the whole process of atherosclerosis. The

myeloperoxidase from NTEs can stimulate macrophage to oxidize low-density lipoprotein
(LDL) to ox-LDL and form the foam cell. The hyperlipidemia recruits neutrophil into circulation
from bone marrow by upregulating the expression of granulocyte colony-stimulating factor
and downregulating the level of C-X-C motif ligand -12, which is an important signal for the
clearance and recruitment of aged neutrophils to the bone marrow.

• Cholesterol crystals can trigger the polymorphonuclear neutrophil (PMN) to release the NETs
that prime the macrophages for pro-inflammatory cytokine production including IL-1β. Then
IL-1β activates Th17 cell to release interleukin-17, amplifying the immune cell recruitment into
the atherosclerotic plaque.

• As another critical source of foam cell, SMC also takes part in atherosclerosis. However, there
are few reports about the interaction between NETs and SMC.

• (B) NETs are released from PMNs, which are activated by LPS or other cytokines from injured
endothelial cells.

Source: Qi, Haozhe et al. “Neutrophil Extracellular Traps and Endothelial Dysfunction in Atherosclerosis and Thrombosis.” Frontiers in immunology vol. 8 928. 7 Aug. 2017, 
doi:10.3389/fimmu.2017.00928 [R] This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or 
reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted 
academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Oxidative stress contributes to endothelial dysfunction due to:37 38

• Increased reactive oxygen species (ROS) reduce NO bioavailability
• Increased oxidized LDL cholesterol (Ox-LDL)
• Reduced superoxide dismutase (SOD) (SOD can clear ROS)
• Oxidative stress can occur from an excess of oxidative factors and/or an insufficiency of

antioxidants
• Intracellular ROS and oxidative stress contribute to the chronic inflammation seen in

atherosclerosis39

• Hyperlipidemia, hyperglycemia, and hypertension can increase ROS

http://optimaldx.com
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Oxidative stress and inflammation negatively affect nitric oxide metabolism, as do other factors 
that disrupt NO and lead to “global vasoconstriction.” These factors include mental stress, anger, 
and cold temperatures.40

Reactive oxygen species (ROS) associated with oxidative stress can combine with nitric 
oxide to produce highly reactive molecules that in turn generate more oxidative stress, more 
atherosclerosis, and more vascular injury.41 42 

Oxidative stress can also reduce availability of nitric oxide by promoting excess degradation 
of tetrahydrobiopterin. Tetrahydrobiopterin (BH4) is a cofactor for crucial metabolic enzymes 
including nitric oxide synthase (NOS). It is therefore essential to the maintenance of endothelial 
function and a healthy blood pressure. 

Tetrahydrobiopterin also plays a role in monoamine neurotransmitter synthesis, sensitivity to pain, 
and immune function. Research suggests that BH4 may be instrumental in restoring NO-redox 
balance and improving hyperlipidemia, ischemia-reperfusion injury, hypertension, and cardiac 
hypertrophy.43 44 45

Administration of BH4 and arginine in subjects with coronary artery disease (CAD) and impaired 
glucose tolerance/diabetes significantly improved endothelium-dependent vasodilation following 
ischemia reperfusion.46 

However, supplemental BH4 may be oxidized to dihydrobiopterin (BH2), posing a challenge to its 
efficacy.47

Atherosclerosis
Damage to the endothelium is the first step on the road to full blown atherosclerosis, which 
contributes to most heart attacks and strokes.48 Because atherosclerosis causes ischemic heart 
disease, it is, in fact, considered the main cause of death around the world. 

Atherosclerosis is characterized by:49

• Endothelial dysfunction
• Vascular inflammation
• Buildup of lipids, cholesterol, calcium, and cellular debris within the intima of the walls of

large and medium-size arteries

Major risk factors for atherosclerosis include50

• Aging
• Antioxidant insufficiency
• Chronic inflammation
• Elevated homocysteine
• Lifestyle factors (sedentary, Western-style diet, obesity, smoking, pollution)
• Oxidative stress

http://optimaldx.com
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Source: Upadhyay, Ravi Kant. “Emerging risk biomarkers in cardiovascular diseases and disorders.” Journal of lipids vol. 2015 (2015): 971453. doi:10.1155/2015/971453 [R] This is an 
open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited.

Continued exposure to cardiovascular risk factors is mirrored in pathological changes to blood 
vessels. Loss of integrity of the vascular endothelium is accompanied by atherosclerosis, increased 
smooth muscle cell migration and proliferation, leukocyte migration, and adhesion.51

Progression from risk factors to atherosclerosis and cardiovascular disease mediated by oxidative 
stress and endothelial dysfunction. The early detection of endothelial dysfunction is a critical point 
in the prevention of atherosclerosis and cardiovascular disease because this dysfunction could be 
an initial reversible step in the process of atherosclerosis.
Source: Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Approaches.” Journal of Korean medical 
science vol. 30,9 (2015): 1213-25. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://optimaldx.com
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Source: Quest Diagnostics - [R]

Early in vivo research demonstrated that atherosclerotic coronary arteries did not dilate in the 
presence of vasoactive acetylcholine but constricted instead.52 Endothelial dysfunction continues 
its rampage even in advanced atherosclerosis as it can promote the rupture of atherosclerotic 
plaque.53

Summary of endothelial dysfunction, atherosclerosis, and CVD

Source: Miller, Mark R. “Oxidative stress and the cardiovascular effects of air pollution.” Free radical biology & medicine vol. 151 (2020): 69-87. doi:10.1016/j.freeradbiomed.2020.01.004 
[R] This is an open access article under the CC BY license ([R] ).

Pollution and particulate matter contribute to endothelial dysfunction:54

• “Endothelial dysfunction is an early initiating event in the vascular disease atherosclerosis.
Loss of endothelial function and expression of adhesion molecules attracts and tethers
circulating inflammatory cells to the vascular wall.

• Additionally, loss of NO and changes to endothelial cell phenotype encourage the oxidation
of circulating lipids (e.g., low density lipoprotein (LDL) to oxidized LDL (oxLDL)) that are

http://optimaldx.com
https://www.questdiagnostics.com/dms/Documents/Other/CardioIQ_MD46_Brochure.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/31923583/
http://creativecommons.org/licenses/by/4.0/
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preferentially retained by inflammatory cells that then begin to penetrate the damaged 
endothelial layer. 

• The accumulation of both of inflammatory cells and lipids induces the formation of a fatty
plaque in major arteries that grow into the lumen to impede blood flow. Erosion or rupture
of advanced plaques is the trigger for thrombosis (a blood clot) that may occlude arteries
causing a cardiovascular event such as a heart attack or stroke.”

Assessment of Endothelial Dysfunction

Signs and Symptoms

Endothelial dysfunction and disruption are suspect in cardiac disease but may also underlie 
dermatological, gastrointestinal, hepatic, immunological, renal, and vascular disease. Its presence 
may be overlooked but its consequences will not go unnoticed.55

There may be no overt signs or symptoms of endothelial dysfunction itself and atherosclerosis has 
a long “silent” asymptomatic phase.56 

However, in progressing stages of atherosclerosis and cardiovascular endothelial dysfunction, 
angina can be a telltale sign. Supplementation with 6-9 grams of L-arginine was found to reduce 
angina and blood pressure and improve endothelial function in CVD patients.57

Measuring endothelial dysfunction 

Endothelial dysfunction has been recognized as an underlying cause of atherosclerosis and 
cardiovascular disease for decades… it was first measured in 1986.

Available methods of measuring endothelial dysfunction include58 59 60 61 62

• Doppler flow guide wire

• Intra-arterial infusion of vasoactive agents (e.g. acetylcholine) using coronary angiography,
ultrasound

• Flow-mediated dilation of the brachial artery (most common)

• Mercury-filled Silastic strain-gauge plethysmography

• Nitroglycerine-induced vasodilation

• Oscillometric measurement of vascular response

• Reactive- hyperemia-peripheral arterial tonometry (PAT) evaluation of pulse wave amplitude

• Carotid Duplex Ultrasound

• Pulse Wave Velocity (PWV)

• Pressure Pulsation Signal

The noninvasive “cold pressor test” is an interesting test that evaluates sympathetic-
mediated release of NO following submersion of a subject’s hand in cold water for 2 minutes. 
Vasoconstriction versus vasodilation will prevail in dysfunctional endothelium. Hyperreactors to the 
cold stimulus will mount a hypertensive response.63

At present, the most convenient and available tool for measuring endothelial dysfunction is flow-
mediated dilation (FMD). The test itself is a reflection of nitric oxide production.64 This method 
stimulates the brachial artery endothelium to produce vasodilatory factors (e.g., nitric oxide) to 
help dilate the blood vessel and reduce tension.65 

http://optimaldx.com
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The FMD test can be instrumental in predicting cardiovascular events in individuals without overt 
CVD risk.66

Research has identified a group of individuals with endothelial dysfunction who lack commonly 
recognized cardiovascular risk factors. These individuals are active, maintain a healthy weight, have 
normal or low blood pressure, and are at low risk for metabolic syndrome.67 

Therefore, even seemingly healthy individuals with no signs of CVD may be at risk for endothelial 
dysfunction evidenced by impaired response to vasodilators bradykinin and acetylcholine.68

Blood chemistry biomarkers

A number of findings on a blood test can point toward an increasing likelihood of atherosclerosis, 
inflammation, and endothelial dysfunction:

• Elevated Homocysteine

o Blood levels of homocysteine are associated with endothelial dysfunction:69

o Homocysteine reduces BH4, a cofactor for NO synthesis
o Conversion of methionine to homocysteine promotes elevated asymmetric 

dimethylarginine (ADMA) which in turn inhibits endothelial NOS (eNOS)
o Atherosclerosis increases progressively with a homocysteine level above 11 umol/L.70

• Elevated blood glucose

o Post-prandial glucose levels above 122 mg/dL (6.8 mmol/L) may impair flow-mediated 
arterial dilation.71

• Elevated fibrinogen

o Fibrinogen synthesis is stimulated by inflammatory IL-6, promotes coagulation, and 
increases risk of endothelial dysfunction, CAD, and stroke.72

• Elevated C-reactive protein (CRP, hs-CRP)

o Elevation of inflammatory markers such as high sensitivity C-reactive protein may serve as 
an indirect measure of endothelial function.73

o Hs-CRP was found to be higher when vitamin D was lower in obese non-diabetics free of 
cardiovascular abnormalities.74

• Insufficient testosterone

o Low testosterone (free and total) significantly correlated with reduced flow-mediated 
vasodilation and was found to be an independent risk factor for endothelial dysfunction in 
men75

• Elevated iron

o High iron levels cause oxidative damage to the endothelial lining and can impair the action 
of nitric oxide

o Iron chelation with deferoxamine reduced serum iron significantly from 85±26 to 39±24 
μg/dL and improved resting forearm blood flow in both CAD patients and controls. 
Chelation did not affect ferritin levels which were higher in CAD patients (127±108 ng/mL) 
than in controls (76±68 ng/mL). Researchers suggest that it may be circulating unbound 
iron that contributes to lipid peroxidation, NO impairment, and endothelial dysfunction.76

• Elevated ferritin

o Ferritin levels increase in inflammation. However, elevated ferritin may also be an

http://optimaldx.com
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independent risk factor for arterial stiffness and an indicator of the presence of 
atherosclerosis in those with glucose intolerance.77

• Neutrophil:Lymphocyte Ratio (NLR)

o NLR is a marker of systemic inflammation and is associated with increased circulating pro-
inflammatory cytokines.

o NLR can help stratify risk of endothelial dysfunction in asymptomatic patients78

 Low risk in those with neutrophil–lymphocyte ratio <1.5,

 Intermediate risk in patients between 1.5 and 3,

 High risk in those with neutrophil- to-lymphocyte ratio >3.

• Oxidized LDL (OxLDL)

o Elevated oxidized low density lipoprotein contributes to foam cell formation,
atherosclerosis, and endothelial dysfunction.79

o Risk of atherosclerosis was significantly higher in subjects with levels of oxidized LDL of
44.3 U/L and above. The study concluded that serum oxLDL independently predicted the
progression of subclinical atherosclerosis regardless of cholesterol or number and size of
LDL particle.80

o Administration of a low dose of oxLDL (8 ug/mL), below that seen in clinical CAD,
activated immune mast cells and macrophages and increased monocyte-endothelium
adhesion to a greater extent than directly exposing endothelial cell to a higher dose of 80
ug/mL.81

• Elevated asymmetric dimethylarginine (ADMA)

o Another potential contributor to endothelial dysfunction is elevated asymmetric
dimethylarginine (ADMA)82

o ADMA inhibits synthesis of eNOS and can even cause uncoupling of eNOS which further
exacerbates oxidative stress83

o Optimal levels of ADMA are below 100 ng/mL84

• Elevated myeloperoxidase (MPO)

o MPO is a pro-oxidant enzyme released by neutrophils and monocytes85

 Reduces nitric oxide bioavailability

 Increases macrophage uptake of oxidized lipids

 It may promote atherosclerosis and has been identified in atherosclerotic plaque

 Levels may help predict outcomes in acute coronary syndromes and in those
presenting with chest pain suspected to be due to endothelial dysfunction

• Elevated malondialdehyde (MDA)86

o Malondialdehyde is an oxidative stress marker. It is an oxygenated aldehyde produced by
the action of free radicals on polyunsaturated fatty acids and cell membrane lipoproteins

o MDA is elevated by up to 2.48 fold in hyperlipidemia, increasing as level of oxidative
stress increased

• Suboptimal Omega-3 Index

o Measures percentage of long-chain omega-3 fatty acids in red blood cell membranes

o Omega-3 fatty acids have vasoprotective effects87

 Provide antioxidant and anti-inflammatory protection

http://optimaldx.com
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 Reduce blood pressure

 Improve vasodilation as measured by FMD

o Optimal goal for omega-3 Index is greater than 8%88

• Elevated Gamma-glutamyl transferase (GGT)

o GGT can be an important biomarker for atherosclerosis and vascular injury as it is strongly 
associated with C-reactive protein, oxidized LDL, IL-6, and sICAM-1.89 

o Reflects increased glutathione metabolism.

o Elevated GGT also appears to correlate with cardiovascular and metabolic disorders 
including congestive heart failure, vascular events, type 2 diabetes, hypertension.90

o GGT may be an independent risk factor for cardiovascular disease and events. In healthy 
males free of heart disease, those with the highest GGT (35 units/L or greater) had a 2.34 
greater risk of acute coronary event than those with a GGT of less than 13 units/L.91

• Low adiponectin

o Adiponectin is an anti-inflammatory cytokine released by adipose tissue.

o Factors that increase serum levels of adiponectin include aging, calorie restriction, and 
estrogen deficiency, and factors that decrease it include oxidative stress, cigarette smoke, 
obesity and type 2 diabetes.92

o Low levels of adiponectin were found to be associated with endothelial dysfunction in 
diabetics and non-diabetics. In non-diabetics, low adiponectin was the only predictor
of endothelial dysfunction compared to HOMA-IR, BMI, triglycerides, and insulin. Serum 
adiponectin has been found to be inversely correlated with carotid intima-thickness in 
both healthy and diabetic individuals.93

• Inflammation from cigarette smoking

o Not surprisingly, cigarette smokers had significantly increased levels of hs-CRP and WBCs 
(total WBCs, basophils, lymphocytes, monocytes, neutrophils). Smokers also tend to have 
increased levels of pro-inflammatory IL-6 and decreased levels of anti-inflammatory
IL-10.94

Roberto Carnevale, Vittoria Cammisotto, Francesca Pagano and Cristina Nocella (November 5th 2018). Effects of Smoking on Oxidative Stress and Vascular Function, Smoking 
Prevention and Cessation, Mirjana Rajer, IntechOpen, DOI: 10.5772/intechopen.78319. Available from: [R] This chapter is distributed under the terms of the Creative Commons 
Attribution 3.0 License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://optimaldx.com
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Advanced biomarkers in endothelial dysfunction95 96

• Elevated cellular adhesion molecules (released from damaged endothelial cells)

• Vascular cell adhesion molecule-1 – VCAM-1, endothelial leukocyte adhesion molecule-1
E-selectin, intercellular adhesion molecule-1-ICAM-1

• Elevated von Willebrand factor indicative of endothelial damage

• Elevated Endothelin-1 peptide

• Soluble NOX2-derived peptide (sNOX2-dp) and 8-iso-prostaglandin F2α (8-isoPGF2α)
reflect oxidative stress.

• Endothelial progenitor cells (EPCs) and microvesicles (MVs) are biomarkers for inflammation
and endothelial dysfunction.

o Elevated endothelial progenitor cells from bone marrow assist in endothelial repair

Treatments
Allopathic approaches to endothelial dysfunction are based on its identification once established 
versus early prevention. 

• A number of pharmaceutical interventions have been researched including eNOS enhancers,
nitrate therapy, alpha-beta blockers for blood pressure management, calcium channel
blockers, ACE inhibitors to treat high blood pressure and heart failure, statins, novel
therapies (e.g. ranolazine, aminophylline).97 98 Interestingly, it is the antioxidant function of
some of these pharmaceuticals that protect the endothelium.

• Bradykinin and acetylcholine can be administered to stimulate NO synthesis, while
nitroglycerine and sodium nitroprusside can be converted to nitric oxide.99

• External counter pulsation (ECP) therapy may be used to help supply oxygen-rich blood to
the heart.100

• The NSAID indomethacin (as well as vitamin C) was found to reverse the blunted
vasodilation response to acetylcholine by restoring bioavailability of nitric oxide.

Functional naturopathic approach

Functional approaches to endothelial dysfunction rely on recognition of contributing factors and 
early assessment of related biomarkers.

Early stages of endothelial dysfunction may be reversible prior to full progression to 
atherosclerosis.101 

Major modifiable factors contributing to endothelial dysfunction include unhealthy diet 
(inflammatory, processed foods, low in micronutrients, antioxidant, phytonutrients, fiber, omega-
3s, monounsaturated fats); exposure to cigarette smoke, toxins, and pollution; excess inflammatory 
compounds and oxidative stress; nutrient insufficiencies; and sedentary lifestyle. Assessing these 
factors should be the first step in evaluating risk of atherosclerosis and endothelial dysfunction.

Remember, unbridled oxidative stress and inflammation disrupt nitric oxide metabolism and 
promote endothelial dysfunction. They must be addressed to order to rein in this potentially 
debilitating condition:102 

It is likely that excess inflammation from any source, even periodontitis or arthritis, can cause 
damage to the vascular endothelium so a full history is essential.103
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The functional, naturopathic approach to endothelial dysfunction is recognition of its causes and 
mitigation of their effects. Early recognition of oxidative stress risk and detection of endothelial 
dysfunction is critical to reversing or preventing atherosclerosis and its progression to CVD.104

Source: Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 2014,3 291-308. 16 Oct. 2014, doi:10.5339/
gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and 
reproduction in any medium, provided the original work is properly cited.

Factors associated with 
endothelial dysfunction

Interventions that improve 
endothelial function

Increased age L-arginine

Male sex Antioxidants

Family history of CHD Smoking cessation

Smoking Cholesterol lowering

Increased serum cholesterol ACE inhibitors

Low serum HDL-cholesterol Exercise

Hypertension Mediterranean Diet

Increased serum homocysteine

Diabetes mellitus

Obesity

High-fat meal

Therapeutic approaches to endothelial dysfunction. Endothelial therapy can be achieved 
with primary endothelial therapy for prevention of healthy endothelial function by 
controlling cardiovascular risk factors and secondary endothelial therapy to improve 
dysfunctional endothelial homeostasis by treating underlying cardiovascular risk factors and 
cardiovascular disease. CV, cardiovascular; PAOD, peripheral arterial occlusive disease.105

http://optimaldx.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/


Page 17

© Optimal DX, LLC OptimalDX.com 

Endothelial Dysfunction

Successive progression of transient ischemic attack and chronic heart failure in man.

Source: Upadhyay, Ravi Kant. “Emerging risk biomarkers in cardiovascular diseases and disorders.” Journal of lipids vol. 2015 (2015): 971453. doi:10.1155/2015/971453 [R] This is an 
open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited.

Negative effects of a high-fat diet

Meta-analysis indicates that endothelial function is typically compromised in adults following a 
high-fat mixed meal and that the observed impairment in brachial artery flow-mediated dilation 
is a sign of cardiovascular risk, morbidity and mortality. Researchers investigated whether 
adolescents would demonstrate similar changes in post-prandial flow mediated dilation.

A small study of 10 adolescents observed that a high-fat meal also high in protein did not 
significantly impair arterial dilation in the same way a high-fat diet was expected to. Also, addition 
of insoluble wheat fiber to a high-fat meal blunted post-prandial hypertriglyceridemia and related 
changes in flow-mediated arterial dilation. Researchers recommend conducting larger studies to 
investigate these relationships further.106

A high-fat Western-style diet can impair endothelial function for up to four hours. To investigate 
mitigation of this threat, a randomized, double-blind, placebo-controlled study of phytonutrient 
supplementation in 38 healthy adult volunteers was conducted. 

Results indicated that  daily supplementation with fruit and vegetable concentrates, including 
those enhanced with antioxidant nutrients, significantly improved flow-mediated vasodilation 
using the brachial artery reactivity test (BART) following a high-fat fast food meal containing 50 
grams of fat.

In the supplement group, serum total and LDL cholesterol decreased significantly, and serum levels 
of nitric oxide metabolites increased significantly.107

This study followed up the observation that supplementation with antioxidants vitamin C and 
vitamin E prevented the significant reduction in vasodilation that occurs following a high-fat 
meal.108

The functional, naturopathic approach to endothelial dysfunction is recognition of its causes and 
mitigation of their effects. Early recognition of oxidative stress risk and detection of endothelial 
dysfunction is critical to reversing or preventing atherosclerosis and its progression to CVD.104

Source: Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 2014,3 291-308. 16 Oct. 2014, doi:10.5339/
gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and 
reproduction in any medium, provided the original work is properly cited.

Source: Upadhyay, Ravi Kant. “Emerging risk biomarkers in cardiovascular diseases and disorders.” Journal of lipids vol. 2015 (2015): 971453. doi:10.1155/2015/971453 [R] This is an 
open access article distributed under the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original 
work is properly cited.

Continued exposure to cardiovascular risk factors is mirrored in pathological changes to blood 
vessels. Loss of integrity of the vascular endothelium is accompanied by increased smooth muscle 
cell migration and proliferation, leukocyte migration, and adhesion.105
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A healthy plant-based diet and healthy lifestyle are preventive

Phytonutrients/phytochemicals are compounds unique to plant-based foods. Many of them have 
antioxidant and anti-inflammatory benefits.

Abundant intake of fruits, vegetables, phytonutrients, and antioxidants is closely associated with 
optimal health, including reduction of cardiovascular risk factors. Research demonstrates that 
phytonutrients and antioxidants can exert positive effects on endothelial function, including its 
generation of nitric oxide. These positive effects are not new news, they just seem to have been 
forgotten in the medical models that have been developed. 

Omega-3 fatty acids can have a vasoprotective effect in endothelial dysfunction as demonstrated 
in a number of studies in those with metabolic syndrome, elevated BMI, hyperlipidemia, and those 
who smoked cigarettes. A benefit of omega-3 intake in in diabetics was also observed in two of 
five studies reviewed. Specific vasoprotective effects of omega-3 fatty acids include:109          

• Anti-inflammatory activity
• Decreased blood pressure
• Improved vasodilation as measured by FMD
• Increased antioxidant protection

Naturally occurring antioxidants can have important protective effects against 
endothelial dysfunction: 110

N-acetylcysteine (NAC)
• Has potent antioxidant effects
• Essential to synthesis of glutathione
• Inhibits inflammatory cytokine release, NADPH oxidase expression, and white blood cell

adhesion
• Improves endothelial response with and without presence of atherosclerosis

Vitamin C
• Scavenges superoxide, therefore preventing lipid peroxidation, platelet/neutrophil

activation, adhesion molecule upregulation, and scavenging of NO
• Scavenges reactive nitrogen species, inhibits LDL oxidation
• Can improve endothelium response in diabetes, hypercholesterolemia, hypertension,

smoking
• The lowest measured tertile of vitamin C in a study of type 1 diabetics 0.25 – 0.86 mg/dL

(14.02-49.01 umol/L) versus the highest tertile 1.48-2.10 mg/dL (84.01 to 118.99 umol/L) was
significantly associated with greater carotid intima-media thickness, a presumed sign of
atherosclerosis.111

• Administration of vitamin C restored nitric oxide bioavailability and reversed a blunted
vasodilation response to acetylcholine.112

Vitamin E
• Scavenges hydroperoxyl radicals as a lipid-soluble antioxidant

• Protects endothelial function in hypercholesterolemia and smoking

http://optimaldx.com
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Supplementation

Adherence to a healthy diet is essential to addressing atherosclerosis and endothelial dysfunction. 
However, supplementation may be beneficial as well, especially considering that micronutrient 
deficiencies are common among the general population but even more common in those with 
hypertension, cardiovascular disease, environmental toxin exposure, and prescription drug use.113 

Nutrition supplementation can significantly improve endothelial function as evidenced by a 
number of clinical studies.

Vitamin C
Vitamin C (ascorbate/ascorbic acid) is of particular interest due to its potent antioxidant activity 
as a free radical scavenger and the fact that humans cannot synthesize ascorbate while most 
mammals can.

• Vitamin C is required for the function and optimal permeability of the endothelium and its
insufficiency is noted as a cause of endothelial dysfunction.114

• A small prospective study indicated that daily antioxidant supplementation with 1 gram of
vitamin C and  500 mg of vitamin E significantly improve endothelial function as evidenced
by restoration of flow-mediated dilation. Beneficial effects disappeared 1 month after
supplementation ceased.115

• Vitamin C (1 gram/day) and vitamin E (440 IU/day) significantly improved FMD in adult
male hypertensive patients as evidenced in a randomized double-blind study.116

• Supplementation with vitamin C (500 mg/day) and vitamin E (400 IU/day) also significantly
improved endothelial function and FMD in a randomized double-blind study of children with
hyperlipidemia 9-20 years of age.117

Arginine
Arginine supplementation may also be of specific benefit in endothelial dysfunction.

• Administration of arginine was found to improve endothelial dysfunction in subjects with
high cholesterol and atherosclerosis.118 119

• L- arginine, applied intravenously or via intracoronary administration improved endothelium-
dependent vasodilation in such patients. The D-arginine form is not effective.120

• Intervention with arginine and vitamins B6, B12, and folic acid significantly improved
vascular function in 40 individuals with moderately elevated blood pressure. Homocysteine
and systolic blood pressure were significantly reduced in this randomized double-blind
study as well.121

A variety of nutrients are found to have antihypertensive effects, therefore reducing stress and 
further damage to the vascular endothelium. These include122

Alpha lipoic acid
Calcium
CoQ10

Flavonoids
Gamma-linolenic acid

Garlic
L-carnitine
Magnesium
Melatonin

Monounsaturated fats
N-acetylcysteine

Omega-3 fatty acids 
alpha linolenic acid, EPA, 

DHA
Pomegranate

Potassium
Pycnogenol
Resveratrol

Taurine
Vitamin B6
Vitamin C
Vitamin D

Vitamin E, gamma/delta 
tocopherols, tocotrienols

Zinc
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Coenzyme Q10
Coenzyme Q10 is produced endogenously though its production is impaired by HMG-CoA 
reductase inhibitors (statin drugs). Supplementation with 150 mg of CoQ10 per day can support 
antioxidant function, reduce inflammatory IL-6, and reduce oxidative stress in those with coronary 
artery disease.123

A randomized, double-blind, controlled study of 20 individuals with advanced atherosclerosis and 
CAD indicated that supplementation with 10 mg of melatonin was associated with a significant 
decrease in mean levels of ICAM, VCAM, and CRP, and a significant increase in nitric oxide.124

Vitamin B12
Preliminary research suggests a role for cobalamin as a cofactor in the metabolism of nitric 
oxide. Researchers propose that the intermediate glutathionyl-cobalamin is an active form of B12 
that participates in production and function of nitric oxide and in turn affects cell membrane 
protection, and immune and vascular health.125

Pomegranate
A meta-analysis of 16 studies indicated that supplementation with pomegranate juice had a 
significant effect on inflammatory markers hs-CRP, IL-6, and TNF-alpha.126

Dark Chocolate
Dark chocolate (high in flavonoids and antioxidant factors) significantly improved endothelial-
dependent coronary vascular function, reduced oxidative stress, and reduced platelet adhesion in 
22 heart transplant patients.127

Physical Activity
Though a topic unto itself, physical activity and exercise can improve endothelial function… no 
surprise there!128

Animal and human research support the application of regular, robust physical activity to support 
cardiovascular and endothelial function. A minimum of 40 minutes of physical activity at least 3 
days per week is recommended. Optimal activity includes 10,000 steps per day and engagement 
in aerobic activity 3 days per week.129

Optimal Takeaways
• Hypertension, diabetes, obesity, hyperlipidemia, and smoking are risk factors for thrombosis,

atherosclerosis, and endothelial dysfunction.130

• Combined with oxidative stress and a pro-inflammatory milieu, these risk factors form the
main pillars underlying cardiovascular risk.

• Major modifiable factors include diet, activity, lifestyle, nutrient insufficiencies,
supplementation, exposure to toxins and pollutants, and stress management.

• Failure to address these factors will propel individuals down the road from metabolic
disturbance to chronic, life-threatening disease.

• Basically, a healthy lifestyle makes for a healthy life.

• Allopathic treatments are based on identification of endothelial dysfunction once it occurs
instead of early preventative measures.

• Functional naturopathic approaches to endothelial dysfunction rely on recognizing and
addressing contributing factors and associated biomarkers.
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Early intervention and prevention of endothelial dysfunction includes:

• An optimal flow-mediated dilation (FMD) reading, a reflection of nitric oxide production

• A healthy diet rich in fresh fruits and vegetables, antioxidants, omega-3 fatty acids,
monounsaturated fats, anti-inflammatory herbs and spices, vitamins, minerals, and
phytonutrients

• Targeted nutrition supplementation

• Minimization of exposure to toxins, pollution, cigarette smoke, and stress

• Regular robust physical activity

• Maintain a desirable body weight and lean body mass

• Stress management

• Address biomarkers out of the optimal range including those related to oxidative stress,
inflammation, and blood glucose regulation:

Elevated 

o Homocysteine

o Blood glucose

o Fibrinogen

o C-reactive protein (CRP, hs-CRP)

o Iron levels

o Neutrophil:Lymphocyte Ratio (NLR)

o Oxidized LDL (OxLDL)

o Asymmetric dimethylarginine (ADMA)

o Myeloperoxidase (MPO)

o Malondialdehyde (MDA)

o Gamma-glutamyl transferase (GGT)

Decreased

o Omega-3 Index

o Adiponectin

o Testosterone

http://optimaldx.com


The OptimalDX 
Di�erence

The OptimalDX 
Software: Your 
End-to-End Functional 
Blood Chemistry 
Analysis Tool

What makes one medical 
practitioner stand out in a 
patient’s mind? Easy: It’s the 
ability to provide answers — 
faster, more accurately, and
at less cost. The Optimal DX 
Software enables you to do 
just that. By supporting the 
analysis, interpretation and 
tracking of patient blood
test results, this software
tool accelerates your ability
to deliver insights into your 
patients’ health and generate 
intuitive, comprehensive 
Functional Health Reports.

SEE A DEMO >

FBCA 
Mastery 
Course

This 12-week online course 
provides you the tools for 
assessing, diagnosing and 
evaluating your patients from
a functional perspective with 
the expertise of Dr. Weatherby. 
Featuring lifetime access to 
12 core training modules and 
additional training from leading 
functional medicine experts, 
this course will set you up for 
success in blood chemistry 
analysis. Evaluate and
diagnose your patients
better byusing Dr. Dicken 
Weatherby’s step-by-step 
approach to Functional 
Blood Chemistry Analysis.

REGISTER NOW >

Why Use the 
OptimalDX Software
in Your Practice?

Using the Optimal DX Software, 
you gain more time in your day 
to dedicate towards treating 
patients, growing your practice 
and keeping up with the latest 
medical developments. The 
software platform expedites
the process of Functional Blood 
Chemistry Analysis; its features 
include automatic analysis
and assisted interpretation, 
enhanced tracking and storage, 
automated and customizable 
report generation and more.

SIGN UP FOR A FREE TRIAL >

Discover how to bring real meaning to your blood test results.

Dr. Dicken Weatherby, 

Founder and CEO 

of OptimalDX

OptimalDX.com

https://www.optimaldx.com/demo
https://www.optimaldx.com/fbca
https://www.optimaldx.com/explore-plans
https://www.optimaldx.com
https://www.optimaldx.com
https://www.optimaldx.com/the odx-difference


© Optimal DX, LLC OptimalDX.com 

References

1  World Health Organization. Cardiovascular Diseases. Retrieved November 30, 2020 from [R] 

2  Al-Qaisi, Mo et al. “Measurement of endothelial function and its clinical utility for cardiovascular risk.” Vascular health and risk man-
agement vol. 4,3 (2008): 647-52. doi:10.2147/vhrm.s2769 [R] 

3  Félétou, Michel. The Endothelium: Part 1: Multiple Functions of the Endothelial Cells—Focus on Endothelium-Derived Vasoactive 
Mediators. Morgan & Claypool Life Sciences, 2011. doi:10.4199/C00031ED1V01Y201105ISP019 [R]

4  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

5  Barthelmes, Jens et al. “Endothelial dysfunction in cardiovascular disease and Flammer syndrome-similarities and differences.” The 
EPMA journal vol. 8,2 99-109. 6 Jun. 2017, doi:10.1007/s13167-017-0099-1 [R]

6  Valavanidis, Athanasios et al. “Tobacco smoke: involvement of reactive oxygen species and stable free radicals in mechanisms of 
oxidative damage, carcinogenesis and synergistic effects with other respirable particles.” International journal of environmental research 
and public health vol. 6,2 (2009): 445-62. doi:10.3390/ijerph6020445 [R]

7  Miller, Mark R. “Oxidative stress and the cardiovascular effects of air pollution.” Free radical biology & medicine vol. 151 (2020): 69-87. 
doi:10.1016/j.freeradbiomed.2020.01.004 [R] This is an open access article under the CC BY license ([R] ).

8  Roberto Carnevale, Vittoria Cammisotto, Francesca Pagano and Cristina Nocella (November 5th 2018). Effects of Smoking on Oxida-
tive Stress and Vascular Function, Smoking Prevention and Cessation, Mirjana Rajer, IntechOpen, DOI: 10.5772/intechopen.78319. Avail-
able from: [R] This chapter is distributed under the terms of the Creative Commons Attribution 3.0 License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited.

9  Honavar, Jaideep et al. “Chlorine gas exposure causes systemic endothelial dysfunction by inhibiting endothelial nitric oxide syn-
thase-dependent signaling.” American journal of respiratory cell and molecular biology vol. 45,2 (2011): 419-25. doi:10.1165/rcmb.2010-
0151OC [R]

10  Goncharov, Alexey et al. “Blood pressure in relation to concentrations of PCB congeners and chlorinated pesticides.” Environmental 
health perspectives vol. 119,3 (2011): 319-25. doi:10.1289/ehp.1002830 [R]

11  Reitsma, Sietze et al. “The endothelial glycocalyx: composition, functions, and visualization.” Pflugers Archiv : European journal of 
physiology vol. 454,3 (2007): 345-59. doi:10.1007/s00424-007-0212-8 [R]

12  Higashi, Yukihito. “Assessment of endothelial function. History, methodological aspects, and clinical perspectives.” International heart 
journal vol. 56,2 (2015): 125-34. doi:10.1536/ihj.14-385 [R]

13  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Ap-
proaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

14  Sitia, S et al. “From endothelial dysfunction to atherosclerosis.” Autoimmunity reviews vol. 9,12 (2010): 830-4. doi:10.1016/j.au-
trev.2010.07.016 [R] [R] 

15  Félétou, Michel. The Endothelium: Part 1: Multiple Functions of the Endothelial Cells—Focus on Endothelium-Derived Vasoactive 
Mediators. Morgan & Claypool Life Sciences, 2011. doi:10.4199/C00031ED1V01Y201105ISP019 [R]

16  Félétou, Michel. The Endothelium: Part 1: Multiple Functions of the Endothelial Cells—Focus on Endothelium-Derived Vasoactive 
Mediators. Morgan & Claypool Life Sciences, 2011. doi:10.4199/C00031ED1V01Y201105ISP019 [R]

17  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Ap-
proaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

18  Plotnick, Gary D et al. “Effect of supplemental phytonutrients on impairment of the flow-mediated brachial artery vasoactivity after a 
single high-fat meal.” Journal of the American College of Cardiology vol. 41,10 (2003): 1744-9. doi:10.1016/s0735-1097(03)00302-4 [R]

19  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Ap-
proaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

20  Al-Qaisi, Mo et al. “Measurement of endothelial function and its clinical utility for cardiovascular risk.” Vascular health and risk man-
agement vol. 4,3 (2008): 647-52. doi:10.2147/vhrm.s2769 [R] 

21  Al-Qaisi, Mo et al. “Measurement of endothelial function and its clinical utility for cardiovascular risk.” Vascular health and risk man-
agement vol. 4,3 (2008): 647-52. doi:10.2147/vhrm.s2769 [R] 

http://optimaldx.com
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/18827914/
https://pubmed.ncbi.nlm.nih.gov/21850763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824736/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/19440393/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/31923583/
http://creativecommons.org/licenses/by/4.0/
https://www.intechopen.com/books/smoking-prevention-and-cessation/effects-of-smoking-on-oxidative-stress-and-vascular-function
http://creativecommons.org/licenses/by/3.0
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21131444/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21362590/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1915585/
https://www.jstage.jst.go.jp/article/ihj/56/2/56_14-385/_article
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://pubmed.ncbi.nlm.nih.gov/20678595/
https://d1wqtxts1xzle7.cloudfront.net/44352186/From_endothelial_dysfunction_to_atherosc20160403-14927-btt6y.pdf?1459687052=&response-content-disposition=inline%3B+filename%3DFrom_endothelial_dysfunction_to_atherosc.pdf&Expires=1603988968&Signature=J85HMaRPTvNh5Rcmre5iSmtKWZvaXM5t~rVwp8PiKXloTn-oH7aXrcUJK0hgsb749cPdkiWkIckv6LzK9OLGfrtekOpRz-HNelF-Pl25wP7qe6yqT2etkRvv4FUGUT9YxDuDGjoiywjAqo368lP~-ti9oBP2j1WEjKEwpSQLVaPPAV-G~H2fXmgR-iC8KER2sI7DcBkGAvGptvnY3AU85jtociU9dmyIq8683Uh4Ct2gSzcPyE6wl~ncKeCsUun-a0A7Z~TMKZrycqNBn0n~2w~c2mrWmejqdaQ6PNaU6addn6cl0vMUy3m8SYUD3I80XixdXg478MXqEunKEu363g__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://pubmed.ncbi.nlm.nih.gov/21850763/
https://pubmed.ncbi.nlm.nih.gov/21850763/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0735109703003024?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/18827914/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/18827914/


Page 23

© Optimal DX, LLC OptimalDX.com 

Endothelial Dysfunction

22  Zehr, Kayla R, and Mary K Walker. “Omega-3 polyunsaturated fatty acids improve endothelial function in humans at risk for athero-
sclerosis: A review.” Prostaglandins & other lipid mediators vol. 134 (2018): 131-140. doi:10.1016/j.prostaglandins.2017.07.005 [R]

23  Bendall, Jennifer K et al. “Tetrahydrobiopterin in cardiovascular health and disease.” Antioxidants & redox signaling vol. 20,18 (2014): 
3040-77. doi:10.1089/ars.2013.5566 [R] 

24  Bendall, Jennifer K et al. “Tetrahydrobiopterin in cardiovascular health and disease.” Antioxidants & redox signaling vol. 20,18 (2014): 
3040-77. doi:10.1089/ars.2013.5566 [R] 

25  Vila, Virtudes et al. “Inflammation, endothelial dysfunction and angiogenesis markers in chronic heart failure patients.” International 
journal of cardiology vol. 130,2 (2008): 276-7. doi:10.1016/j.ijcard.2007.07.010 [R]

26  Sitia, S et al. “From endothelial dysfunction to atherosclerosis.” Autoimmunity reviews vol. 9,12 (2010): 830-4. doi:10.1016/j.au-
trev.2010.07.016 [R] [R] 

27  Zehr, Kayla R, and Mary K Walker. “Omega-3 polyunsaturated fatty acids improve endothelial function in humans at risk for athero-
sclerosis: A review.” Prostaglandins & other lipid mediators vol. 134 (2018): 131-140. doi:10.1016/j.prostaglandins.2017.07.005 [R]

28  Coppola, A et al. “Homocysteine, coagulation, platelet function, and thrombosis.” Seminars in thrombosis and hemostasis vol. 26,3 
(2000): 243-54. doi:10.1055/s-2000-8469 [R] 

29  Esse, Ruben et al. “The Contribution of Homocysteine Metabolism Disruption to Endothelial Dysfunction: State-of-the-Art.” Interna-
tional journal of molecular sciences vol. 20,4 867. 17 Feb. 2019, doi:10.3390/ijms20040867 [R]

30  McNulty, Marie et al. “Advanced glycation end-products and arterial stiffness in hypertension.” American journal of hypertension vol. 
20,3 (2007): 242-7. doi:10.1016/j.amjhyper.2006.08.009 [R] 

31  Bruno, R M et al. “Type 2 diabetes mellitus worsens arterial stiffness in hypertensive patients through endothelial dysfunction.” Diabe-
tologia vol. 55,6 (2012): 1847-55. doi:10.1007/s00125-012-2517-1 [R] 

32  Bakker, Wineke et al. “Endothelial dysfunction and diabetes: roles of hyperglycemia, impaired insulin signaling and obesity.” Cell and 
tissue research vol. 335,1 (2009): 165-89. doi:10.1007/s00441-008-0685-6 [R] 

33  Suh, Wonhee et al. “C-reactive protein impairs angiogenic functions and decreases the secretion of arteriogenic chemo-cytokines 
in human endothelial progenitor cells.” Biochemical and biophysical research communications vol. 321,1 (2004): 65-71. doi:10.1016/j.
bbrc.2004.06.107 [R] 

34  Kim, Yoonseo et al. “CRP Stimulates GDF15 Expression in Endothelial Cells through p53.” Mediators of inflammation vol. 2018 
8278039. 3 Jun. 2018, doi:10.1155/2018/8278039 [R] 

35  Rosales, Carlos. “Neutrophil: A Cell with Many Roles in Inflammation or Several Cell Types?.” Frontiers in physiology vol. 9 113. 20 
Feb. 2018, doi:10.3389/fphys.2018.00113 [R]

36  Qi, Haozhe et al. “Neutrophil Extracellular Traps and Endothelial Dysfunction in Atherosclerosis and Thrombosis.” Frontiers in im-
munology vol. 8 928. 7 Aug. 2017, doi:10.3389/fimmu.2017.00928 [R] This is an open-access article distributed under the terms of the 
Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original 
author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic prac-
tice. No use, distribution or reproduction is permitted which does not comply with these terms.

37  Sena, Cristina M et al. “Vascular Oxidative Stress: Impact and Therapeutic Approaches.” Frontiers in physiology vol. 9 1668. 4 Dec. 
2018, doi:10.3389/fphys.2018.01668 [R]

38  Leopold, Jane A, and Joseph Loscalzo. “Oxidative mechanisms and atherothrombotic cardiovascular disease.” Drug discovery today. 
Therapeutic strategies vol. 5,1 (2008): 5-13. doi:10.1016/j.ddstr.2008.02.001 [R]

39  Yang, Rui-Li et al. “Increasing Oxidative Stress with Progressive Hyperlipidemia in Human: Relation between Malondialdehyde and 
Atherogenic Index.” Journal of clinical biochemistry and nutrition vol. 43,3 (2008): 154-8. doi:10.3164/jcbn.2008044 [R]

40  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

41  Kattoor, Ajoe John et al. “Oxidative Stress in Atherosclerosis.” Current atherosclerosis reports vol. 19,11 42. 18 Sep. 2017, doi:10.1007/
s11883-017-0678-6 [R]

42  Salvayre, R et al. “Oxidative theory of atherosclerosis and antioxidants.” Biochimie vol. 125 (2016): 281-96. doi:10.1016/j.bio-
chi.2015.12.014 [R]

43  Moens, An L, and David A Kass. “Tetrahydrobiopterin and cardiovascular disease.” Arteriosclerosis, thrombosis, and vascular biolo-
gy vol. 26,11 (2006): 2439-44. doi:10.1161/01.ATV.0000243924.00970.cb [R]

44  Bendall, Jennifer K et al. “Tetrahydrobiopterin in cardiovascular health and disease.” Antioxidants & redox signaling vol. 20,18 (2014): 
3040-77. doi:10.1089/ars.2013.5566 [R] 

45  Zhao, Yuwen et al. “Detection of tetrahydrobiopterin by LC-MS/MS in plasma from multiple species.” Bioanalysis vol. 1,5 (2009): 895-
903. doi:10.4155/bio.09.77 [R]

46  Settergren, M et al. “L-arginine and tetrahydrobiopterin protects against ischemia/reperfusion-induced endothelial dysfunction in 

http://optimaldx.com
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803420/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24294830/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24294830/
https://d1wqtxts1xzle7.cloudfront.net/46336350/Inflammation_endothelial_dysfunction_and20160608-12318-xy7bw2.pdf?1465384071=&response-content-disposition=inline%3B+filename%3DInflammation_endothelial_dysfunction_and.pdf&Expires=1604962383&Signature=IjLe4hCj35Xtr26pG-WHtipoR~6ETjBT2YB1fTibNZtXqu-qrOZeUs7BvqysyepYGFZCVZuDIvW50FhcF6Y7~qljy5UzovET14PWqeiFUYfRIr5y6GfflrnV-5VpN1iuGXOF78skVXfxFOES-TBOcff~VmucZ~snj15J2BLZrRnmJXg42pc2iuViU8kJbSBQXqH0BE9NB8xha6weShbTdmMRb5UZSBHboMfl9c~R3P257nWWfCUHuU62QvEHzVNM-iQYMVzPwXFhFPjkjPF4saGRjCVVywrStRHf8qtfnIXhW9uG~ypMfsYpjdC6-woq0Aqg~BO0QM4U0OEmcxt3OQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://pubmed.ncbi.nlm.nih.gov/20678595/
https://d1wqtxts1xzle7.cloudfront.net/44352186/From_endothelial_dysfunction_to_atherosc20160403-14927-btt6y.pdf?1459687052=&response-content-disposition=inline%3B+filename%3DFrom_endothelial_dysfunction_to_atherosc.pdf&Expires=1603988968&Signature=J85HMaRPTvNh5Rcmre5iSmtKWZvaXM5t~rVwp8PiKXloTn-oH7aXrcUJK0hgsb749cPdkiWkIckv6LzK9OLGfrtekOpRz-HNelF-Pl25wP7qe6yqT2etkRvv4FUGUT9YxDuDGjoiywjAqo368lP~-ti9oBP2j1WEjKEwpSQLVaPPAV-G~H2fXmgR-iC8KER2sI7DcBkGAvGptvnY3AU85jtociU9dmyIq8683Uh4Ct2gSzcPyE6wl~ncKeCsUun-a0A7Z~TMKZrycqNBn0n~2w~c2mrWmejqdaQ6PNaU6addn6cl0vMUy3m8SYUD3I80XixdXg478MXqEunKEu363g__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803420/
https://pubmed.ncbi.nlm.nih.gov/11011842/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/30781581/
https://www.researchgate.net/profile/Azra_Mahmud2/publication/340716280_Blood_Vessels_Advanced_Glycation_End-Products_and_Arterial_Stiffness_in_Hypertension/links/5e99c4cb4585150839e3d851/Blood-Vessels-Advanced-Glycation-End-Products-and-Arterial-Stiffness-in-Hypertension.pdf
https://link.springer.com/article/10.1007/s00125-012-2517-1
https://link.springer.com/article/10.1007/s00441-008-0685-6
https://pubmed.ncbi.nlm.nih.gov/15358216/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/29967567/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/29515456/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824648/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/30564132/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21048889/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/19015749/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://pubmed.ncbi.nlm.nih.gov/28921056/
https://pubmed.ncbi.nlm.nih.gov/26717905/
https://www.ahajournals.org/doi/full/10.1161/01.ATV.0000243924.00970.cb
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24294830/
https://pubmed.ncbi.nlm.nih.gov/21083061/


Page 24

© Optimal DX, LLC OptimalDX.com 

Endothelial Dysfunction

patients with type 2 diabetes mellitus and coronary artery disease.” Atherosclerosis vol. 204,1 (2009): 73-8. doi:10.1016/j.atherosclero-
sis.2008.08.034 [R]

47  Yuyun, Matthew F et al. “Endothelial dysfunction, endothelial nitric oxide bioavailability, tetrahydrobiopterin, and 5-methyltet-
rahydrofolate in cardiovascular disease. Where are we with therapy?.” Microvascular research vol. 119 (2018): 7-12. doi:10.1016/j.
mvr.2018.03.012 [R]

48  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

49  Upadhyay, Ravi Kant. “Emerging risk biomarkers in cardiovascular diseases and disorders.” Journal of lipids vol. 2015 (2015): 971453. 
doi:10.1155/2015/971453 [R] This is an open access article distributed under the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

50  Félétou, Michel. The Endothelium: Part 1: Multiple Functions of the Endothelial Cells—Focus on Endothelium-Derived Vasoactive 
Mediators. Morgan & Claypool Life Sciences, 2011. doi:10.4199/C00031ED1V01Y201105ISP019 [R]

51  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Ap-
proaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

52  Barthelmes, Jens et al. “Endothelial dysfunction in cardiovascular disease and Flammer syndrome-similarities and differences.” The 
EPMA journal vol. 8,2 99-109. 6 Jun. 2017, doi:10.1007/s13167-017-0099-1 [R]

53  Barthelmes, Jens et al. “Endothelial dysfunction in cardiovascular disease and Flammer syndrome-similarities and differences.” The 
EPMA journal vol. 8,2 99-109. 6 Jun. 2017, doi:10.1007/s13167-017-0099-1 [R]

54  Miller, Mark R. “Oxidative stress and the cardiovascular effects of air pollution.” Free radical biology & medicine vol. 151 (2020): 69-
87. doi:10.1016/j.freeradbiomed.2020.01.004 [R] This is an open access article under the CC BY license ([R] ).

55  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

56  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Ap-
proaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

57  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

58  Higashi, Yukihito. “Assessment of endothelial function. History, methodological aspects, and clinical perspectives.” International 
heart journal vol. 56,2 (2015): 125-34. doi:10.1536/ihj.14-385 [R]

59  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

60  Jezovnik, Mateja K. “How to assess endothelial function for detection of pre-clinical atherosclerosis.” E-journal Cardiology Practice 
10.22 (2011): 10. [R] 

61  Cedars Sinai Women’s Heart Center. Endothelial Function Testing [R] 

62  Al-Qaisi, Mo et al. “Measurement of endothelial function and its clinical utility for cardiovascular risk.” Vascular health and risk man-
agement vol. 4,3 (2008): 647-52. doi:10.2147/vhrm.s2769 [R] 

63  Barthelmes, Jens et al. “Endothelial dysfunction in cardiovascular disease and Flammer syndrome-similarities and differences.” The 
EPMA journal vol. 8,2 99-109. 6 Jun. 2017, doi:10.1007/s13167-017-0099-1 [R]

64  Higashi, Yukihito. “Assessment of endothelial function. History, methodological aspects, and clinical perspectives.” International 
heart journal vol. 56,2 (2015): 125-34. doi:10.1536/ihj.14-385 [R]

65  Zehr, Kayla R, and Mary K Walker. “Omega-3 polyunsaturated fatty acids improve endothelial function in humans at risk for athero-
sclerosis: A review.” Prostaglandins & other lipid mediators vol. 134 (2018): 131-140. doi:10.1016/j.prostaglandins.2017.07.005 [R]

66  Zehr, Kayla R, and Mary K Walker. “Omega-3 polyunsaturated fatty acids improve endothelial function in humans at risk for athero-
sclerosis: A review.” Prostaglandins & other lipid mediators vol. 134 (2018): 131-140. doi:10.1016/j.prostaglandins.2017.07.005 [R]

67  Barthelmes, Jens et al. “Endothelial dysfunction in cardiovascular disease and Flammer syndrome-similarities and differences.” The 
EPMA journal vol. 8,2 99-109. 6 Jun. 2017, doi:10.1007/s13167-017-0099-1 [R]

http://optimaldx.com
https://pubmed.ncbi.nlm.nih.gov/18849028/
https://pubmed.ncbi.nlm.nih.gov/29596860/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25949827/
https://pubmed.ncbi.nlm.nih.gov/21850763/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824736/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824736/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/31923583/
http://creativecommons.org/licenses/by/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.jstage.jst.go.jp/article/ihj/56/2/56_14-385/_article
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-10/How-to-assess-endothelial-function-for-detection-of-pre-clinical-atherosclerosis
https://www.cedars-sinai.org/programs/heart/clinical/womens-heart/services/endothelial-function-testing.html
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/18827914/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824736/
https://www.jstage.jst.go.jp/article/ihj/56/2/56_14-385/_article
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803420/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803420/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824736/


Page 25

© Optimal DX, LLC OptimalDX.com 

Endothelial Dysfunction

68  Sitia, S et al. “From endothelial dysfunction to atherosclerosis.” Autoimmunity reviews vol. 9,12 (2010): 830-4. doi:10.1016/j.au-
trev.2010.07.016 [R] [R] 

69  Bendall, Jennifer K et al. “Tetrahydrobiopterin in cardiovascular health and disease.” Antioxidants & redox signaling vol. 20,18 (2014): 
3040-77. doi:10.1089/ars.2013.5566 [R] 

70  University of Michigan. Pathology Handbook. Accessed October 25, 2020 from [R] 

71  Whisner, Corrie M et al. “Effects of Low-Fat and High-Fat Meals, with and without Dietary Fiber, on Postprandial Endothelial Func-
tion, Triglyceridemia, and Glycemia in Adolescents.” Nutrients vol. 11,11 2626. 2 Nov. 2019, doi:10.3390/nu11112626 [R]

72  Ellins, Elizabeth A et al. “Increased fibrinogen responses to psychophysiological stress predict future endothelial dysfunction impli-
cations for cardiovascular disease?.” Brain, behavior, and immunity vol. 60 (2017): 233-239. doi:10.1016/j.bbi.2016.10.017 [R] 

73  Anderson, Todd J. “Nitric oxide, atherosclerosis and the clinical relevance of endothelial dysfunction.” Heart failure reviews vol. 8,1 
(2003): 71-86. doi:10.1023/a:1022199021949 [R]

74  Ilinčić, Branislava et al. “Vitamin D status and circulating biomarkers of endothelial dysfunction and inflammation in non-diabetic 
obese individuals: a pilot study.” Archives of medical science : AMS vol. 13,1 (2017): 53-60. doi:10.5114/aoms.2016.61812 [R] 

75  Akishita, Masahiro et al. “Low testosterone level is an independent determinant of endothelial dysfunction in men.” Hypertension 
research : official journal of the Japanese Society of Hypertension vol. 30,11 (2007): 1029-34. doi:10.1291/hypres.30.1029 [R] 

76  Duffy, S J et al. “Iron chelation improves endothelial function in patients with coronary artery disease.” Circulation vol. 103,23 (2001): 
2799-804. doi:10.1161/01.cir.103.23.2799 [R]

77  Sciacqua, Angela, et al. “Effect modification by ferritin on the relationship between inflammation and arterial stiffness in hyperten-
sive patients with different glucose tolerance.” (2020). [R]

78  Martínez-Urbistondo, Diego et al. “The neutrophil-to-lymphocyte ratio as a marker of systemic endothelial dysfunction in asymptom-
atic subjects.” “El índice neutrófilo/linfocito como marcador de disfunción sistémica endotelial en sujetos asintomáticos.” Nefrologia : 
publicacion oficial de la Sociedad Espanola Nefrologia vol. 36,4 (2016): 397-403. doi:10.1016/j.nefro.2015.10.018 [R] 

79  Chen, Chong, and Damir B Khismatullin. “Oxidized low-density lipoprotein contributes to atherogenesis via co-activation of 
macrophages and mast cells.” PloS one vol. 10,3 e0123088. 26 Mar. 2015, doi:10.1371/journal.pone.0123088 [R]

80  Gao, Shen et al. “Circulating Oxidized Low-Density Lipoprotein Levels Independently Predict 10-Year Progression of Subclinical 
Carotid Atherosclerosis: A Community-Based Cohort Study.” Journal of atherosclerosis and thrombosis vol. 25,10 (2018): 1032-1043. 
doi:10.5551/jat.43299 [R] 

81  Chen, Chong, and Damir B Khismatullin. “Oxidized low-density lipoprotein contributes to atherogenesis via co-activation of 
macrophages and mast cells.” PloS one vol. 10,3 e0123088. 26 Mar. 2015, doi:10.1371/journal.pone.0123088 [R]

82  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

83  Bendall, Jennifer K et al. “Tetrahydrobiopterin in cardiovascular health and disease.” Antioxidants & redox signaling vol. 20,18 
(2014): 3040-77. doi:10.1089/ars.2013.5566 [R] 

84  Quest Diagnostics. [R] [R]

85  Upadhyay, Ravi Kant. “Emerging risk biomarkers in cardiovascular diseases and disorders.” Journal of lipids vol. 2015 (2015): 
971453. doi:10.1155/2015/971453 [R] This is an open access article distributed under the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

86  Yang, Rui-Li et al. “Increasing Oxidative Stress with Progressive Hyperlipidemia in Human: Relation between Malondialdehyde and 
Atherogenic Index.” Journal of clinical biochemistry and nutrition vol. 43,3 (2008): 154-8. doi:10.3164/jcbn.2008044 [R]

87  Zehr, Kayla R, and Mary K Walker. “Omega-3 polyunsaturated fatty acids improve endothelial function in humans at risk for athero-
sclerosis: A review.” Prostaglandins & other lipid mediators vol. 134 (2018): 131-140. doi:10.1016/j.prostaglandins.2017.07.005 [R]

88  Harris, William S. “The omega-3 index as a risk factor for coronary heart disease.” The American journal of clinical nutrition vol. 87,6 
(2008): 1997S-2002S. doi:10.1093/ajcn/87.6.1997S [R]

89  Bradley, Ryan D et al. “Associations between γ-glutamyltransferase (GGT) and biomarkers of atherosclerosis: the Multi-ethnic Study 
of Atherosclerosis (MESA).” Atherosclerosis vol. 233,2 (2014): 387-393. doi:10.1016/j.atherosclerosis.2014.01.010 [R]

90  Bradley, Ryan et al. “Associations between total serum GGT activity and metabolic risk: MESA.” Biomarkers in medicine vol. 7,5 
(2013): 709-21. doi:10.2217/bmm.13.71 [R] 

91  Meisinger, C et al. “Serum gamma-glutamyltransferase is a predictor of incident coronary events in apparently healthy men from the 
general population.” Atherosclerosis vol. 189,2 (2006): 297-302. doi:10.1016/j.atherosclerosis.2006.01.010 [R]

92  Mancuso, Peter. “The role of adipokines in chronic inflammation.” ImmunoTargets and therapy vol. 5 47-56. 23 May. 2016, 
doi:10.2147/ITT.S73223 [R]

http://optimaldx.com
https://pubmed.ncbi.nlm.nih.gov/20678595/
https://d1wqtxts1xzle7.cloudfront.net/44352186/From_endothelial_dysfunction_to_atherosc20160403-14927-btt6y.pdf?1459687052=&response-content-disposition=inline%3B+filename%3DFrom_endothelial_dysfunction_to_atherosc.pdf&Expires=1603988968&Signature=J85HMaRPTvNh5Rcmre5iSmtKWZvaXM5t~rVwp8PiKXloTn-oH7aXrcUJK0hgsb749cPdkiWkIckv6LzK9OLGfrtekOpRz-HNelF-Pl25wP7qe6yqT2etkRvv4FUGUT9YxDuDGjoiywjAqo368lP~-ti9oBP2j1WEjKEwpSQLVaPPAV-G~H2fXmgR-iC8KER2sI7DcBkGAvGptvnY3AU85jtociU9dmyIq8683Uh4Ct2gSzcPyE6wl~ncKeCsUun-a0A7Z~TMKZrycqNBn0n~2w~c2mrWmejqdaQ6PNaU6addn6cl0vMUy3m8SYUD3I80XixdXg478MXqEunKEu363g__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24294830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6893531/
https://core.ac.uk/download/pdf/74223704.pdf
https://pubmed.ncbi.nlm.nih.gov/12652161/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28144255/
https://www.researchgate.net/profile/Masato_Eto/publication/5600848_Low_Testosterone_Level_Is_an_Independent_Determinant_of_Endothelial_Dysfunction_in_Men/links/56a62bd208aeca0fddcb45fb.pdf
https://www.ahajournals.org/doi/10.1161/01.cir.103.23.2799?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://europepmc.org/backend/ptpmcrender.fcgi?accid=PMC7409693&blobtype=pdf
https://www.sciencedirect.com/science/article/pii/S2013251416301006
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/29515051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24294830/
https://testdirectory.questdiagnostics.com/test/test-detail/94153/admasdma?q=94153&cc=MASTER
https://www.questdiagnostics.com/home/physicians/testing-services/condition/cardiovascular/advanced-inflammatory-marker-testing/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25949827/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/19015749/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803420/
https://www.ncbi.nlm.nih.gov/pubmed/18541601
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24530768/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24044563/
https://pubmed.ncbi.nlm.nih.gov/16483579/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/27529061/


Page 26

© Optimal DX, LLC OptimalDX.com 

Endothelial Dysfunction

93  Hui, Xiaoyan et al. “Adiponectin and cardiovascular health: an update.” British journal of pharmacology vol. 165,3 (2012): 574-90. 
doi:10.1111/j.1476-5381.2011.01395.x [R]

94  Roberto Carnevale, Vittoria Cammisotto, Francesca Pagano and Cristina Nocella (November 5th 2018). Effects of Smoking on 
Oxidative Stress and Vascular Function, Smoking Prevention and Cessation, Mirjana Rajer, IntechOpen, DOI: 10.5772/intechopen.78319. 
Available from: [R] This chapter is distributed under the terms of the Creative Commons Attribution 3.0 License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

95  Jezovnik, Mateja K. “How to assess endothelial function for detection of pre-clinical atherosclerosis.” E-journal Cardiology Practice 
10.22 (2011): 10. [R] 

96  Roberto Carnevale, Vittoria Cammisotto, Francesca Pagano and Cristina Nocella (November 5th 2018). Effects of Smoking on 
Oxidative Stress and Vascular Function, Smoking Prevention and Cessation, Mirjana Rajer, IntechOpen, DOI: 10.5772/intechopen.78319. 
Available from: [R] This chapter is distributed under the terms of the Creative Commons Attribution 3.0 License, which permits unre-
stricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

97  Su, Jin Bo. “Vascular endothelial dysfunction and pharmacological treatment.” World journal of cardiology vol. 7,11 (2015): 719-41. 
doi:10.4330/wjc.v7.i11.719 [R]

98  Hirata, Yasunobu et al. “Diagnosis and treatment of endothelial dysfunction in cardiovascular disease.” International heart journal vol. 
51,1 (2010): 1-6. doi:10.1536/ihj.51.1 [R] 

99  Miller, Mark R. “Oxidative stress and the cardiovascular effects of air pollution.” Free radical biology & medicine vol. 151 (2020): 69-
87. doi:10.1016/j.freeradbiomed.2020.01.004 [R] This is an open access article under the CC BY license ([R] ).

100  Cedars Sinai Women’s Heart Center. Endothelial Function Testing [R]

101  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic Ap-
proaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access article 
distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted non-com-
mercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

102  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

103  Stone, William L., et al. “Pathology, Inflammation.” StatPearls, StatPearls Publishing, 27 August 2020. [R] 

104  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic 
Approaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access 
article distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

105  Park, Kyoung-Ha, and Woo Jung Park. “Endothelial Dysfunction: Clinical Implications in Cardiovascular Disease and Therapeutic 
Approaches.” Journal of Korean medical science vol. 30,9 (2015): 1213-25. doi:10.3346/jkms.2015.30.9.1213 [R] This is an Open Access 
article distributed under the terms of the Creative Commons Attribution Non-Commercial License ([R]) which permits unrestricted 
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

106  Whisner, Corrie M et al. “Effects of Low-Fat and High-Fat Meals, with and without Dietary Fiber, on Postprandial Endothelial Func-
tion, Triglyceridemia, and Glycemia in Adolescents.” Nutrients vol. 11,11 2626. 2 Nov. 2019, doi:10.3390/nu11112626 [R]

107  Plotnick, Gary D et al. “Effect of supplemental phytonutrients on impairment of the flow-mediated brachial artery vasoactivity after 
a single high-fat meal.” Journal of the American College of Cardiology vol. 41,10 (2003): 1744-9. doi:10.1016/s0735-1097(03)00302-4 [R]

108  Plotnick, G D et al. “Effect of antioxidant vitamins on the transient impairment of endothelium-dependent brachial artery vasoactiv-
ity following a single high-fat meal.” JAMA vol. 278,20 (1997): 1682-6. [R] 

109  Zehr, Kayla R, and Mary K Walker. “Omega-3 polyunsaturated fatty acids improve endothelial function in humans at risk for athero-
sclerosis: A review.” Prostaglandins & other lipid mediators vol. 134 (2018): 131-140. doi:10.1016/j.prostaglandins.2017.07.005 [R]

110  Su, Jin Bo. “Vascular endothelial dysfunction and pharmacological treatment.” World journal of cardiology vol. 7,11 (2015): 719-41. 
doi:10.4330/wjc.v7.i11.719 [R]

111  Odermarsky, Michal et al. “Poor vitamin C status is associated with increased carotid intima-media thickness, decreased microvascu-
lar function, and delayed myocardial repolarization in young patients with type 1 diabetes.” The American journal of clinical nutrition vol. 
90,2 (2009): 447-52. doi:10.3945/ajcn.2009.27602 [R] 

112  Virdis, Agostino et al. “Human endothelial dysfunction: EDCFs.” Pflugers Archiv : European journal of physiology vol. 459,6 (2010): 
1015-23. doi:10.1007/s00424-009-0783-7 [R]

113  Houston, Mark. “The role of nutrition and nutraceutical supplements in the treatment of hypertension.” World journal of cardiology 
vol. 6,2 (2014): 38-66. doi:10.4330/wjc.v6.i2.38 [R]

114  May, James M, and Fiona E Harrison. “Role of vitamin C in the function of the vascular endothelium.” Antioxidants & redox signaling 
vol. 19,17 (2013): 2068-83. doi:10.1089/ars.2013.5205 [R]

115  Takase, Bonpei et al. “Effect of chronic oral supplementation with vitamins on the endothelial function in chronic smokers.” Angiolo-
gy vol. 55,6 (2004): 653-60. doi:10.1177/00033197040550i606 [R] 

http://optimaldx.com
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/21457225/
https://www.intechopen.com/books/smoking-prevention-and-cessation/effects-of-smoking-on-oxidative-stress-and-vascular-function
http://creativecommons.org/licenses/by/3.0
https://www.escardio.org/Journals/E-Journal-of-Cardiology-Practice/Volume-10/How-to-assess-endothelial-function-for-detection-of-pre-clinical-atherosclerosis
https://www.intechopen.com/books/smoking-prevention-and-cessation/effects-of-smoking-on-oxidative-stress-and-vascular-function
http://creativecommons.org/licenses/by/3.0
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26635921/
https://www.jstage.jst.go.jp/article/ihj/51/1/51_1_1/_article
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/31923583/
http://creativecommons.org/licenses/by/4.0/
https://www.cedars-sinai.org/programs/heart/clinical/womens-heart/services/endothelial-function-testing.html
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.ncbi.nlm.nih.gov/books/NBK534820/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26339159/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6893531/
https://www.sciencedirect.com/science/article/pii/S0735109703003024?via%3Dihub
https://jamanetwork.com/journals/jama/article-abstract/419017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5803420/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/26635921/
https://www.researchgate.net/profile/Michal_Odermarsky/publication/26317695_Poor_vitamin_C_status_is_associated_with_increased_carotid_intima-media_thickness_decreased_microvascular_function_and_delayed_myocardial_repolarization_in_young_patients_with_type_1_diabetes/links/5696c9a308ae1c427903e3ac/Poor-vitamin-C-status-is-associated-with-increased-carotid-intima-media-thickness-decreased-microvascular-function-and-delayed-myocardial-repolarization-in-young-patients-with-type-1-diabetes.pdf
https://pubmed.ncbi.nlm.nih.gov/20107832/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24575172/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/23581713/
https://pubmed.ncbi.nlm.nih.gov/15547651/


Page 27

© Optimal DX, LLC OptimalDX.com 

Endothelial Dysfunction

116  Plantinga, Yvonne et al. “Supplementation with vitamins C and E improves arterial stiffness and endothelial function in essential 
hypertensive patients.” American journal of hypertension vol. 20,4 (2007): 392-7. doi:10.1016/j.amjhyper.2006.09.021 [R]

117  Engler, Marguerite M et al. “Antioxidant vitamins C and E improve endothelial function in children with hyperlipidemia: Endothelial 
Assessment of Risk from Lipids in Youth (EARLY) Trial.” Circulation vol. 108,9 (2003): 1059-63. doi:10.1161/01.CIR.0000086345.09861.A0 
[R]

118  Gornik, Heather L, and Mark A Creager. “Arginine and endothelial and vascular health.” The Journal of nutrition vol. 134,10 Suppl 
(2004): 2880S-2887S; discussion 2895S. doi:10.1093/jn/134.10.2880S [R]

119  Morris, Sidney M Jr. “Arginine: beyond protein.” The American journal of clinical nutrition vol. 83,2 (2006): 508S-512S. doi:10.1093/
ajcn/83.2.508S [R] 

120  Widmer, R Jay, and Amir Lerman. “Endothelial dysfunction and cardiovascular disease.” Global cardiology science & practice vol. 
2014,3 291-308. 16 Oct. 2014, doi:10.5339/gcsp.2014.43 [R] This is an open access article distributed under the terms of the Creative 
Commons Attribution license CC BY 4.0, which permits unrestricted use, distribution and reproduction in any medium, provided the 
original work is properly cited. 

121  Menzel, Daniel et al. “L-Arginine and B vitamins improve endothelial function in subjects with mild to moderate blood pressure ele-
vation.” European journal of nutrition vol. 57,2 (2018): 557-568. doi:10.1007/s00394-016-1342-6 [R] 

122  Houston, Mark. “The role of nutrition and nutraceutical supplements in the treatment of hypertension.” World journal of cardiology 
vol. 6,2 (2014): 38-66. doi:10.4330/wjc.v6.i2.38 [R]

123  Bronzato, Sofia, and Alessandro Durante. “Dietary Supplements and Cardiovascular Diseases.” International journal of preventive 
medicine vol. 9 80. 17 Sep. 2018, doi:10.4103/ijpvm.IJPVM_179_17 [R]

124  Javanmard, Shaghayegh Haghjooy et al. “The effect of melatonin on endothelial dysfunction in patient undergoing coronary artery 
bypass grafting surgery.” Advanced biomedical research vol. 5 174. 28 Nov. 2016, doi:10.4103/2277-9175.194801 [R]

125  Paul, Cristiana, and David M Brady. “Comparative Bioavailability and Utilization of Particular Forms of B12 Supplements With Poten-
tial to Mitigate B12-related Genetic Polymorphisms.” Integrative medicine (Encinitas, Calif.) vol. 16,1 (2017): 42-49. [R]

126  Wang, Peng et al. “The effects of pomegranate supplementation on biomarkers of inflammation and endothelial dysfunction: A 
meta-analysis and systematic review.” Complementary therapies in medicine vol. 49 (2020): 102358. doi:10.1016/j.ctim.2020.102358 [R]

127  Flammer, Andreas J et al. “Dark chocolate improves coronary vasomotion and reduces platelet reactivity.” Circulation vol. 116,21 
(2007): 2376-82. doi:10.1161/CIRCULATIONAHA.107.713867 [R]

128  Barthelmes, Jens et al. “Endothelial dysfunction in cardiovascular disease and Flammer syndrome-similarities and differences.” The 
EPMA journal vol. 8,2 99-109. 6 Jun. 2017, doi:10.1007/s13167-017-0099-1 [R]

129  Bender, Shawn B, and M Harold Laughlin. “Modulation of endothelial cell phenotype by physical activity: impact on obesity-re-
lated endothelial dysfunction.” American journal of physiology. Heart and circulatory physiology vol. 309,1 (2015): H1-8. doi:10.1152/
ajpheart.00177.2015 [R] 

130  Qi, Haozhe et al. “Neutrophil Extracellular Traps and Endothelial Dysfunction in Atherosclerosis and Thrombosis.” Frontiers in 
immunology vol. 8 928. 7 Aug. 2017, doi:10.3389/fimmu.2017.00928 [R] This is an open-access article distributed under the terms of the 
Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original 
author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic prac-
tice. No use, distribution or reproduction is permitted which does not comply with these terms.

http://optimaldx.com
https://pubmed.ncbi.nlm.nih.gov/17386345/
https://www.ahajournals.org/doi/10.1161/01.CIR.0000086345.09861.A0?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://academic.oup.com/jn/article/134/10/2880S/4688596
https://academic.oup.com/ajcn/article/83/2/508S/4650422
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4352682/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/27817128/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/24575172/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/30283612/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28028514/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5312744/
https://pubmed.ncbi.nlm.nih.gov/32147056/
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.107.713867?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824736/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25934096/
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/28824648/

	_Hlk59623667
	_Hlk55572111
	_Hlk59628698



