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The endothelium comprises the innermost layer of blood vessels 
and is thus the largest organ of the body. This endothelial sur-
face of blood vessels functions as a regulatory organ maintaining 
vasomotor tone, while the non-thrombogenic nature of its surface 
regulates platelet activity and blood fluidity by the secretion of 
anticoagulant and fibrinolytic factors [1].

Endothelial dysfunction is a major factor contributing to the 
atherogenic process [2,3]. Abnormal function of the endothelium 
is detectable prior to observable intimal lesions in patients with 
risk factors for atherosclerosis [4-6]. Endothelial dysfunction is 
a systemic disorder and a key variable in the pathogenesis of 
atherosclerosis and its complications [3]. Current evidence sug-
gests that endothelial status is not determined solely by the 
individual risk factor, but rather may be regarded as an integrated 
index of all atherogenic and atheroprotective factors present in 
an individual, including both known and as yet unknown variables 
and genetic predispositions. Endothelial dysfunction reflects a 
vascular phenotype prone to atherogenesis and may therefore 
serve as a marker of inherent atherosclerotic risk. In line with 
this hypothesis, dysfunction of either the coronary or peripheral 
vascular endothelium was shown to constitute an independent 
predictor of cardiovascular events, providing valuable prognostic 
information in addition to that derived from conventional risk 
factor assessment [7]. Interventions, such as risk factor modifica-
tion and treatment with various drugs, including statins [8,9], 
angiotensin-converting enzyme inhibitors [10], sibutramine [11], in 
addition to adjunct therapy, such as food supplements [12] and 
enhanced external counterpulsation therapy [13], may improve 
endothelial function, potentially leading to improved prognosis 
[3]. Therefore, given its reversibility and suitability as a diagnostic 
tool in identifying patients at risk, together with its control over 
efficacy of therapy in clinical practice, endothelial dysfunction 
may be an attractive primary target in the effort to optimize 
individualized therapeutic strategies to reduce cardiovascular 
morbidity and mortality [14,15].

While numerous important functions of the endothelium 
have been recognized in the past, many recent experimental 
and clinical studies have focused on endothelium-derived nitric 

oxide, probably due to the fact that one of its main functions, 
vascular relaxation, can be easily assessed in humans in vivo 
[16]. Nitric oxide, a potent endogenous vasodilator that appears 
to be responsible for the maintenance of basal vascular tone, 
is also thought to exert other important effects, such as inhibi-
tion/modulation of platelet aggregation, leukocyte adhesion, cell 
respiration, and apoptosis [17].

Over the past decade a non-invasive technique has been 
developed to evaluate endothelium-dependent, brachial artery 
flow-mediated vasodilation [16-22]. This stimulus provokes the 
endothelium to release nitric oxide with subsequent vasodilation 
that can be imaged and quantitated as an index of vasomotor 
function. The advantages of this high frequency ultrasonographic 
imaging of the brachial artery are twofold: it is non-invasive and 
also facilitates repeated measurements [16].

This raises the question of whether brachial artery flow-mediated 
vasodilation could be a useful marker of preclinical vascular disease 
in the pediatric population. Celermajer et al. [23] note that the risk 
factors that predispose to atherosclerosis are associated with endo-
thelial dysfunction throughout life, and suggest that the procedure 
could have value for risk modification during the preclinical phase 
of vascular disease. Influencing factors, such as vessel diameter, 
age, and therapeutic interventions, may be of less significance in 
children and adolescents than in adults. Furthermore, ultrasound 
testing is reproducible, non-invasive, low risk, and non-painful, 
making it an ideal procedure for the young [24].

Type I diabetes mellitus is a well-established risk factor 
for premature cardiovascular disease [25], while micro- and 
macrovascular complications are related to long-term glycemic 
control [26] and other risk factors such as blood pressure and 
lipids. Since children rarely experience cardiovascular events, 
endothelial function is a surrogate marker of CVD and can 
be monitored non-invasively using either the traditional reac-
tive hyperemia measurement by brachial artery reactivity high 
resolution ultrasound testing [16], or by a more novel technique, 
reactive hyperemia-peripheral artery tonometry [27]. Both these 
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techniques are non-invasive, bedside available, non-painful, 
relatively safe and relatively inexpensive tests of short duration 
(< 30 minutes). The BRT technique, although operator dependent, 
is highly reproducible, with widespread international use, and 
uniformed by the International Brachial Artery Reactivity Task 
Force published in 2002 [16]. The PAT technique, on the other 
hand, is a more recent innovation, independently operated, with 
much less worldwide experience. While the BRT technique ex-
plores vascular smooth muscle cells as the cause of non-dilation 
of the blood vessels instead of pure endothelial dysfunction, the 
PAT technique does not provide such data. Finally, while BRT can 
predict cardiovascular events, PAT score has not yet been used to 
evaluate the risk of future such events in either adult or pediatric 
populations. Further studies are therefore needed to validate 
the relevance of low PAT scores in detecting CVD and predicting 
future cardiovascular events [27].

Although the incidence of cardiovascular disease is higher 
in diabetic compared to non-diabetic populations, there are 
geographic and ethnic differences in the risk of CVD among 
diabetic patients that cannot be fully explained by differences 
in conventional CVD risk factors between these groups. These 
studies suggest that genetic factors could contribute to differ-
ences in susceptibility to CVD among individuals with diabetes 
mellitus. In humans, there are two general classes of alleles 
for the haptoglobin gene, designated 1 and 2 [28]. Haptoglobin 
alleles differ significantly in their relative frequency among 
different ethnic groups. The protein product of the 1 allele is 
significantly more antioxidant than that produced by the 2 al-
lele [29]. Levy and colleagues [30] recently demonstrated that 
haptoglobin phenotype is predictive of microvascular (those who 
are homozygous for haptoglobin 1 allele are at decreased risk 
for developing retinopathy and nephropathy) and macrovascular 
(those with the 1-1 haptoglobin phenotype are the least likely 
to develop post-percutaneous coronary angioplasty restenosis) 
[31] complications in adult patients with diabetes mellitus. Levy 
et al. [32] also demonstrated in a case-controlled sample from 
the Strong Heart Study, in a population-based longitudinal study 
of CVD in American Indians, that haptoglobin phenotype is an 
independent risk factor for CVD in diabetic individuals.

Since the haptoglobin phenotype is a risk for micro- and 
macrovascular complications in diabetic patients, the question 
is whether diabetic children with the 1-2 and 2-2 haptoglobin 
phenotype carry the potential for worse endothelial function than 
those with the haptoglobin phenotyope 1-1. Furthermore, if the 
haptoglobin phenotype 1-1 is associated with better endothe-
lial function, this non-invasive test could be used to monitor 
those diabetic children who are at risk for future cardiovascular 
complications. 

Since children with type I diabetes rarely experience cardio-
vascular events, Shachor-Meyouhas and co-workers [33], in this 
issue of IMAJ, examined the association of a diabetic profile, 
haptoglobin genotype and peripheral endothelial function using 

BRT = brachial artery reactivity test
PAT = peripheral artery tonometry

PAT in 15 type 1 diabetic patients aged 14–20 years, without 
obvious microvascular/neuropathy complications. The authors 
divided the 15 patients into two groups: normal (n=8) and im-
paired (n=7) endothelial function. Although the two groups were 
comparable regarding age, body mass index, systolic and diastolic 
blood pressure, lipoproteins and fasting glucose, patients with 
impaired endothelial function had a significantly higher level 
of HbA1C compared to those with normal endothelial function. 
Furthermore, there was a significant negative association between 
HbA1C levels and endothelial function. Nevertheless, the authors 
did not find any correlation between the haptoglobin genotype 
and endothelial function.

The article by Shachor-Meyouhas et al. [33] carries some 
major limitations which could lead to the following negative 
results. First, the sample size is relatively small and therefore 
a power calculation is crucial for estimating the number of 
patients needed for the study. Second, most studies looking at 
endothelial function as a surrogate end-point demand fasting for 
at least 10–12 hours [16]. Vogel and team [34] demonstrated that 
endothelial function is transiently impaired over a 6 hour period 
following a single high fat meal [34]. However, in the current 
study participants were asked to fast for at least 3 hours before 
endothelial function testing. Thus, the endothelial function results 
could be influenced by various types of food intake. Third, since 
blood tests were not performed on the same day as endothelial 
function assessment, factors influencing endothelial function, 
such as fasting blood glucose, HbA1c or lipid profile cannot 
be correlated to the endothelial function results. For example, 
it could be that on the day of endothelial function assessment 
the children had ingested high fasting blood glucose or high 
triglycerides, thereby impairing endothelial function. Fourth, 
since, as previously described, the PAT technique, in contrast 
to the BRT technique, does not explore the vascular smooth 
muscle cells as a potential cause of non-dilation of the blood 
vessels, the low score provided by PAT in the current study could 
result from smooth muscle dysfunction rather than endothelial 
dysfunction per se.

Thus, although the questions raised by Shachor-Meyouhas and 
associates [33] in the current study are extremely important, we 
are still left with unanswered questions. Is haptoglobin phenotype 
1-2 or 2-2 associated with endothelial dysfunction in diabetic 
children without micro- or macrovascular complications? Can 
endothelial dysfunction in diabetic children without micro- or 
macrovascular complications predict long-term cardiovascular 
outcome? A prospective, carefully designed, long-term follow-
up study in children is required to answer these important 
questions.
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The innocent and the beautiful have no enemy but time

William Butler Yeats (1865-1939), Irish poet and dramatist and one of the foremost 
figures of 20th century literature. He was awarded the Nobel Prize for Literature 
in 1923, yet his best work was done in the years after he received the prize.
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