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Dyslipidemia is an important problem, even in children,
because of the risk of future cardiovascular disease. How-
ever, evaluating the influence of dyslipidemia on vessels is
difficult. In children, the short exposure time to various risk
factors is challenging. Cruz’s paper nicely demonstrates the
clinical problems of dyslipidemia in children [1]. In this
paper, the authors evaluated the carotid-femoral pulse wave
velocity (cfPWV), one of the standard tools for evaluating
arterial stiffness. The term arterial stiffness usually means
arteriosclerosis; however, it can be sometimes used for
atherosclerosis. They are different conditions but can
overlap and are frequently confused.

Atherosclerosis is the result of a pathological process that
starts with a local lesion in the intima of middle to large
arteries. Lipid is then deposited in the intima, causing
inflammation. Atherosclerosis results in occlusive disease.
For example, atherosclerosis of the coronary artery causes
coronary artery stenosis, which can induce angina. Rupture
of the coronary atheroma plaque leads to myocardial
infarction.

Arteriosclerosis is more of an aging process. One of the
important features of arteriosclerosis is the increase in the
stiffness of elastic arteries, including the aorta. The patho-
logical characteristics of arteriosclerosis include elastin
fracture, an increase in collagen fibers, and calcium
deposition. In contrast to atherosclerosis, one of the mor-
phological features of arteriosclerosis is dilation. It is well-
known that the aorta gradually dilates with age. Elastin
fracture depends on strain and the number of cardiac cycles
experienced, hence, the strong impact of age on elastin
fracture. Practically, Ohmori et al. reported no significant

difference in PWV between groups with and without a
history of atherosclerotic disease [2]. Recently, the concept
of early vascular aging, which means acceleration of the
aging process of the elastic arteries, appears to be a pro-
mising indicator that can provide clinical guidance for
treating individuals at an increased risk of cardiovascular
disease [3]. Early vascular aging is defined as PWV values
higher than the 95th percentile for age and sex.

Dyslipidemia is an important risk factor for cardiovas-
cular disease. Although it is logical that dyslipidemia would
contribute to atherosclerosis, there are conflicting reports
regarding the relationship between dyslipidemia and arter-
iosclerosis. Although some studies have found no rela-
tionship between brachial-ankle PWV (baPWV) and total
cholesterol level [4], it has been reported that the estimated
aortic PWV correlates positively with low-density lipopro-
tein (LDL) cholesterol levels [5]. Vallee et al. found that
total cholesterol, LDL cholesterol, and nonhigh-density
lipoprotein (HDL) cholesterol levels were significantly
correlated with the PWV index [6]. We have previously
reported that early vascular aging was common in adult
patients with congenital heart disease. In this report, the
significant determinants of early vascular aging were LDL
cholesterol, triglycerides, fasting blood sugar, and hemo-
globin A1c levels [7]. Ojima et al. reported that athero-
sclerosis, which was diagnosed by plaque score, was
associated with impaired fasting glucose and dyslipidemia.
On the other hand, a high baPWV was significantly corre-
lated with impaired fasting glucose [8]. Cecelja et al. pub-
lished a systematic review concerning the relationship
between cfPWV and cardiovascular disease risk factors and
concluded that most studies found no independent asso-
ciation between cfPWV and total cholesterol, LDL choles-
terol, HDL cholesterol, and triglycerides [9]. Sougawa et al.
reported that triglyceride levels, low HDL cholesterol, and
impaired fasting glycemia significantly increased with
increases in the standardized baPWV z-score [10]. Ohnishi
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et al. reported a close relationship between blood sugar level
and baPWV [11].

It has been suggested that there is a nonenzymatic
reaction between blood sugar and collagen in the arterial
wall. The formation of advanced glycation endproducts on
the vascular wall causes crosslinking of collagen molecules,
thereby increasing arterial stiffness. The high glucose con-
centration and chronic exposure promote the glycation.
Therefore, besides blood sugar and hemoglobin A1c levels,
triglyceride levels can also be determinants of PWV,
although some papers have reported no significant asso-
ciation [12].

Regarding the influence of therapeutic interventions for
dyslipidemia on arterial stiffness, it was reported that
treatment with statins was associated with a reduced PWV
[13, 14]. However, the reduction was not necessarily caused
by the change in lipid profile [13]. The effect may be one of
the so-called pleiotropic effects of statins.

The relationship between dyslipidemia, which can cause
atherosclerosis, and arterial stiffness is complicated, espe-
cially in the elderly [15] (Fig. 1). Arteriosclerosis and
atherosclerosis are just concepts, and both conditions are
common and frequently coincide in aged people. High
blood pressure accelerates PWV, which is one of the most
used biomarkers for arteriosclerosis, and wide pulse pres-
sure, which is one of the features of arteriosclerosis,
accelerates atherosclerosis. The relationship probably
involves glucose metabolism, and time may also play a
large role. Data regarding atherosclerosis, arteriosclerosis,
dyslipidemia, and glucose intolerance in children can play
an important role in elucidating the relationship of these
factors. I hope that research into vascular biology, espe-
cially in the young, will continue to progress.

Compliance with ethical standards

Conflict of interest The author declares that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

References

1. Cruz NAN, de Oliveira LCG, Fernandes FB, Zaniqueli DA,
Oliosa PR, Mill JG, et al. Pediatric dyslipidemia is associated with
increased urinary ACE activity, blood pressure values, and
carotidal–femoral pulse wave velocity. Hypertens Res. 2023.
https://doi.org/10.1038/s41440-023-01240-y.

2. Ohmori K, Emura S, Takashima T. Risk factors of atherosclerosis
and aortic pulse wave velocity. Angiology. 2000;51:53–60.

3. Nilsson PM. Early vascular aging (EVA): consequences and
prevention. Vasc Health Risk Manag. 2008;4:547–52.

4. Fujiwara Y, Chaves P, Takahashi R, Amano H, Kumagai S, Fujita
K, et al. Relationships between brachial-ankle pulse wave velocity
and conventional atherosclerotic risk factors in community-
dwelling people. Prev Med. 2004;39:1135–42.

5. Wilkinson IB, Prasad K, Hall IR, Thomas A, MacCallum H,
Webb DJ, et al. Increased central pulse pressure and augmentation
index in subjects with hypercholesterolemia. J Am Coll Cardiol.
2002;39:1005–11.

6. Vallee A, Lelong H, Lopez-Sublet M, Topouchian J, Safar ME,
Blacher J. Association between different lipid parameters and
aortic stiffness: clinical and therapeutic implication perspectives. J
Hypertens. 2019;37:2240–6.

7. Murakami T, Horibata Y, Tateno S, Kawasoe Y, Niwa K. Early
vascular aging in adult patients with congenital heart disease.
Hypertens Res. 2021;44:1122–8.

8. Ojima S, Kubozono T, Kawasoe S, Kawabata T, Miyata M,
Miyahara H, et al. Association of risk factors for atherosclerosis,
including high-sensitivity C-reactive protein, with carotid intima-
media thickness, plaque score, and pulse wave velocity in a male
population. Hypertens Res. 2020;43:422–30.

9. Cecelja M, Chowienczyk P. Dissociation of aortic pulse wave
velocity with risk factors for cardiovascular disease other than
hypertension: a systematic review. Hypertension. 2009;54:1328–36.

10. Sougawa Y, Miyai N, Utsumi M, Miyashita K, Takeda S, Arita
M. Brachial-ankle pulse wave velocity in healthy Japanese ado-
lescents: reference values for the assessment of arterial stiffness
and cardiovascular risk profiles. Hypertens Res. 2020;43:331–41.

11. Ohnishi H, Saitoh S, Takagi S, Ohata J, Isobe T, Kikuchi Y, et al.
Pulse wave velocity as an indicator of atherosclerosis in impaired
fasting glucose: the Tanno and Sobetsu study. Diabetes Care.
2003;26:437–40.

12. Cheng HM, Ye ZX, Chiou KR, Lin SJ, Charng MJ. Vascular stiff-
ness in familial hypercholesterolaemia is associated with C-reactive
protein and cholesterol burden. Eur J Clin Invest. 2007;37:197–206.

13. D’Elia L, La Fata E, Iannuzzi A, Rubba PO. Effect of statin
therapy on pulse wave velocity: a meta-analysis of randomized
controlled trials. Clin Exp Hypertens. 2018;40:601–8.

14. Upala S, Wirunsawanya K, Jaruvongvanich V, Sanguankeo A.
Effects of statin therapy on arterial stiffness: a systematic review
and meta-analysis of randomized controlled trial. Int J Cardiol.
2017;227:338–41.

15. Kim HL, Kim SH. Pulse wave velocity in atherosclerosis. Front
Cardiovasc Med. 2019;6:41.

Fig. 1 Relationship between atherosclerosis and arteriosclerosis
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