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Decreased vascular compliance of the large arteries manifests as increased arterial pulse 

pressure with both higher systolic pressures and lower diastolic pressures without a 

significant change in mean pressure. The clinical consequences of higher systolic pressure 

include an increased risk of stroke and myocardial infarction. Our understanding of changes 

in vascular mechanics and its effect on blood pressure has grown as technology has 

improved our ability to quantify vascular stiffness in man. Multiple studies have shown that 

arterial stiffness as determined by pulse wave velocity (PWV) can be used as a predictor for 

cardiovascular events [1–7]. A meta-analysis of 17 studies using pulse wave velocity as a 

measure of arterial stiffness found that an increase in PWV by 1 m/s corresponded to a 14% 

increased risk of cardiovascular events and a 15% increase in mortality [5]. Another study 

following the First National Health and Nutrition Examination Survey found that a pulse 

pressure increase of 10 mmHg was associated with an increased risk of cardiovascular death 

of 26% in people age 25–45 and 10% in people 46–77 years [7]. Additional studies have 

specifically correlated increased arterial stiffness with atherosclerosis [8–10].

The positive correlation between these mechanical parameters and disease progression, in 

both animal and human studies support the concept that these mechanical and physical 

changes play an important causal role in the progression of atherosclerosis. Thus, in their 

paper in this issue of Atherosclerosis, Maedeker et al. specifically test this hypothesis using 

a mouse model which has both high blood pressure and decreased compliance due to a 

decrease in elastin content [11]. Importantly, this model does not result in elastin 

fragmentation thus avoiding the potential off target effects of elastin fragments. Surprisingly 

and contrary to the authors’ original hypothesis, these mice did not have increased plaque 

formation. While aortic compliance and ultrastructure differ significantly between mice and 

man (factors which may impact the applicability of the findings to humans) the overall 

negative results of the current study are nonetheless quite striking and may have very 

important implications for our understanding of the pathogenesis of atherosclerosis. These 

findings suggest that the relationship between atherosclerosis and decreased vascular 

compliance might not be as straightforward as previously proposed and that increased 
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stiffness is not the cause of increased atherosclerosis but rather a consequence of the 

pathological changes in the atherosclerotic arterial wall.

The hypothesis that increased stiffness and pulse pressure can lead to atherosclerosis is 

based on the concept that consequences of increased stiffness, including hemodynamic 

changes sensed by endothelial cells as well as strain changes that are sensed by smooth 

muscle cells, result in downstream signaling events that promote atherosclerosis [10,12]. 

Vascular cell dysfunction, specifically dysregulation of nitric oxide and smooth muscle cell 

phenotypic switching to a more synthetic, proliferative, migratory, and inflammatory 

phenotype, are important cellular changes in the development of atherosclerotic plaques 

[13–16]. However, the mechanisms controlling these pathological changes in phenotype and 

cellular signaling are not completely understood. The results of this study seem to indicate 

that the changes in the local mechanical environment may not be a predominant factor in 

driving atherogenesis, or that other changes in cell signaling, cell attachment, or the 

extracellular matrix may account for the different degrees of plaque development despite 

similar vascular mechanical changes. Indeed, the authors suggest that further insults to the 

vasculature such as elastin fragmentation might be necessary for plaque formation and that 

changes in stiffness alone are not enough to promote the development of atherosclerosis. 

This hypothesis is supported by comparing the current paper with a similar one by Van 

Herck et al. which looked at atherosclerotic plaque development in ApoE−/−C1039G ± 

which have a mutation in the fibrillin-1 gene that causes elastin fragmentation in addition to 

increased aortic stiffness and increased pulse pressure [17]. The increased plaque formation 

in ApoE−/− C1039G± mice but not the ELN± Ldlr−/− mice in the study by Maedeker et al. 

suggest that the elastin fragmentation and observed increases in TGBβ are vital for the 

development of atherosclerosis in the first model. The paper by Van Herck et al. also 

demonstrated a further increase in both pulse pressure and aortic stiffness at 20 weeks versus 

10 weeks on the Western diet, which also supports the hypothesis that these changes are the 

result of atherosclerosis development as opposed to a cause of it.

The findings in the current study by Maedeker et al. are important because they suggest a 

paradigm shift in the way we think about the development of atherosclerosis and strategies 

for better treatment. Currently, the focus on vascular stiffness as a causative factor in 

atherosclerosis has led to studies which attempt to modulate vascular stiffness with the 

expectation that it will have beneficial effects in preventing or slowing disease progression. 

These interventions include more global approaches including lifestyle changes (weight loss, 

smoking cessation, etc.), dietary supplements (fish oil, soy isoflavones, etc.), and 

pharmaceutical control of blood pressure [18]. Other approaches to restore vascular 

compliance are more specific and include using small molecules to block or break advanced 

glycation end products (AGEs), disrupt collagen cross-links, or inhibit metalloproteinase 

activity to reduce elastin fragmentation [19–23]. While these studies have shown some 

changes in vascular compliance, the findings in the paper by Maedeker et al. raise questions 

as to the effectiveness of these approaches that focus specifically on improving wall 

compliance as it suggests vascular stiffness alone may not be an important factor in disease 

progression. Indeed, increased vascular stiffness may simply be a consequence of the 

pathological changes that occur in the arterial wall during the progression of atherosclerosis.
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