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Dementia, Cognitive Impairment, and Arterial Stiffness

Vascular cognitive impairment (VCI) and its more severe 
manifestations such as Alzheimer’s disease are debilitating 
conditions having significant impacts on the patients themselves, 
and their families and caregivers. The primary risk factor for cognitive 
dysfunction is age1 and, with life expectancy increasing, the burden 
of cognitive impairment is becoming significant. Gaining a better 
understanding of the pathophysiology associated with cognitive 
dysfunction may provide insight into potential mechanisms for 
prevention of accelerated cognitive decline and dementia. Traditional 
risk factors for cardiovascular disease such as hypertension, diabetes 
mellitus, and hypercholesterolemia may also be risk markers for VCI 
and Alzheimer’s disease. Recently, the American Heart Association 
and the American Stroke Association released a joint scientific 
statement reviewing the vascular contributions to cognitive 
impairment and dementia, identifying arterial stiffness as a 
potential risk marker for VCI2. Before discussing how arterial stiffness 
may contribute to accelerated cognitive decline, it is important to 
understand the basic functions of the arteries.

With each heartbeat, blood is ejected in spurts, during systole, 
from the left ventricle into the aorta. The function of the aorta and 
the rest of the arterial tree is then twofold: to serve as a cushion and 
a conduit. Its elastic components expand to absorb the pulsatile 
pressure and flow generated by the heart and, for most organs, 
deliver it in an almost steady-state manner to peripheral arterioles 
and capillaries as the vessel slowly recoils. The brain is unique, 
however, in that it is one of only a few organs that does not have 
the ability to regulate the amount of pulsatile phenomena to which 
it is exposed, thus making it susceptible to increased fluctuations of 
pressure and flow3.  

Progressive stiffening occurs in the central elastic arteries, i.e. the 
aorta, with advancing age. This stiffening can also be accelerated 
under certain pathophysiological conditions. As a consequence of 
increased arterial stiffness, both the amplitude of the central blood 
pressure wave (the central pulse pressure, CPP) and the speed at 
which it propagates through the vessels (pulse wave velocity, PWV) 
are increased. These increased pulsations are transmitted into the 
microvasculature of the brain, predisposing it to rupture of the 
arterial walls and microhemorrhages, with resultant microinfarcts, 
and a predisposition to dementia4.

Considering that blood pressure (BP) in the aorta differs from 
that in the periphery, the change in CPP cannot always be reliably 
appreciated from conventional brachial cuff sphygmomanometric 
values – the values traditionally used in clinical practice. For example, 
in normal aging, the brachial pulse pressure may increase from 40 
mmHg at age 20 to 65 mmHg at age 80, or 63%, while CPP may 
increase from 22 to 65 mmHg - a gain of 200%, over the same 
timeframe5. This is believed to partially explain why central BP values 
and waveform characteristics have been demonstrated to be more 
strongly predictive of future cardiovascular events than brachial BP6. 
Additionally, the measurement of aortic PWV is considered to be a 
direct measurement of aortic stiffness, and has also been shown to 
improve risk prediction when added to traditional cardiovascular risk 
assessment models7.

Research has shown an association between microvascular 
brain lesions and cognitive decline. A recent review by Singer et al. 
examined the associations between arterial stiffness and structural 
change in the brain, specifically lacunar infarction and white matter 
hyperintensities as markers of small vessel disease, and found a 
consistent association between PWV and hyperintensities and 
infarcts8. In another study not included in the review, Hughes et al. 
have expanded on these findings demonstrating that an increase 
in aortic PWV over two years was associated with an increase in 
β-amyloid plaque deposition, a pathologic feature of Alzheimer’s 
disease9.

Singer et al. also examined the associations between arterial 
stiffness and cognitive decline. Cross-sectional studies provided 
highly consistent evidence of arterial stiffness being associated 
with cognitive decline, while longitudinal examinations found 
PWV to be predictive of declining cognitive function. In one of 
the studies reviewed, Hanon et al. found higher aortic PWV to be 
significantly associated with cognitive function (Figure 2), with 
aortic stiffness appearing to be an independent determinant 
of Alzheimer’s disease10. Another investigation found aortic 
stiffness to be the single strongest predictor of cognitive 
decline11. Several large prospective studies have since published 
similar findings12,13, but there have been some inconsistencies14. 

Finally, Pase et al. recently demonstrated that central systolic 
BP, CPP, and pulse pressure amplification (the relative increase in 
pulse pressure as it travels from the central to the peripheral arteries) 
were sensitive predictors of cognitive aging. These aspects of 
cognitive function were not associated with changes in brachial BP15.

Clinical strategies need to be developed to mitigate the risk of 

Figure 1: Schematic diagram of pulsatile peripheral flow in a young (top) and old subject (bottom). In 
a young person (top), as the arteries are distensible, the cushioning function of the arteries absorbs 
most of the pulsatility. In the older subject, however, stiffening of the arteries causes loss of their 
ability to cushion pulsatility of the blood flow, thus this will extend further into highly perfused organs 
such as brain and kidneys. Flow through normally perfused vascular beds is represented at the right 
of each model, and is nonpulsatile. Flow to highly perfused vascular beds such as brain and kidneys is 
represented at left. Perfusion of these beds becomes highly pulsatile when arteries are stiff (bottom 
left).

Figure 2: Relationship between PWV and cognitive status



accelerated cognitive decline and progression to VCI or Alzheimer’s 
disease, and likely requires a multifaceted approach. The evidence 
accrued to date strongly suggests that evaluation of arterial stiffness 
and management of central BP could play a useful role in reducing 
the decline in cognitive function. 
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