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Best papers in hypertension: Hypertension and dementia
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The negative impact of hypertension on cognitive function was already hinted at in the
1960s in a study on psychomotor speed of air traffic controllers and pilots, and has received
extensive confirmation over the following decades?. Thus, hypertension has been associated
with a wide variety of cognitive deficits, including reduced abstract reasoning (executive
dysfunction), impaired memory, attention deficit and slowing of mental processing speed?:2.
Indeed, hypertension is a leading cause of vascular cognitive impairment (VCI), a term that
includes all cognitive deficits attributable to vascular factors3. The most extreme case of
VCl is vascular dementia, in which multiple cognitive domains are affected, with a negative
impact on the activities of daily living. Increasing evidence also suggests that hypertension
is a risk factor for Alzheimer’s disease (AD), highlighting its participation in all major
causes of cognitive impairment*®. In the past three years (2011-2013), several papers
published in Hypertension have provided new insight into the link between high blood
pressure and dementia. These papers will be briefly discussed, highlighting their
contribution to current concepts of pathobiology, prevention and treatment of the “end-organ
damage” to the brain inflicted by hypertension.

Midlife hypertension and late life dementia

Although its is well established that hypertension impairs cognition, one of the key issues
still unsettled concerns the temporal relationships between blood pressure elevation and
cognitive decline. On the one hand, cross sectional studies indicated that individuals with
dementia have lower blood pressure, challenging the involvement of hypertension8. On the
other hand, longitudinal studies, in which patient were followed for decades, revealed that
individuals that develop dementia have a history high blood pressure earlier in life8.7. The
effect is independent of other cardiovascular risk factors or co-morbidities and is observed
both in men and women. In this context, Joas et al.8 demonstrated that in women with
hypertension the development of dementia is preceded by a reduction in blood pressure, an
effect that correlated with a reduction in the body mass index. The causes of the reduction in
blood pressure remain to be defined, but the data stress the importance of accurate blood
pressure monitoring in the care of patients with hypertension at risk for cognitive
dysfunction. The reduction in body mass index suggests a reduced metabolic state, which
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may be responsible for the blood pressure decline in the late phases of the dementia.
However, there is no consensus on the association between late life dementia and low blood
pressure, and there might be differences between AD and vascular dementia. For example,
Ninomiya et al.? in a population-based prospective study in Japan reported that both midlife
and late-life hypertension correlates with vascular dementia, but not AD. Although this
study was based on a limited number of blood pressure measurements over the years, the
data suggest that dementia is not universally associated with a reduction in blood pressure.
These findings challenge the potential use of blood pressure as a biomarker of incipient
dementia, and stress the need for additional well-controlled longitudinal studies. Rather, the
relationship between hypertension and dementia may also depend on the predominant
pathology underlying the cognitive impairment.

How long does it take for newly diagnosed hypertension to induce

cognitive deficits?

Kohler et al. 10 studied the cognitive trajectory of patients that developed hypertension
during the study period (incident hypertension), providing a unique opportunity to examine
the temporal relationships between newly diagnosed hypertension and subsequent cognitive
impairment. They found that incident hypertension increases the risk of dementia later in
life, but the cognitive decline develops at least one year after the hypertension making it
well suited to therapeutic interventions. Successful treatment of hypertension tended to
dampen the cognitive decline, with partial success, while untreated or uncontrolled
hypertension had the greatest negative impact on cognition. Overall, the results support
careful blood pressure monitoring and adequate treatment of hypertension. However, it has
been difficult to demonstrate in randomized clinical trials that treatment of hypertension
reduces dementia risk. As discussed in recent reviews*-8, assessing the efficacy of
hypertension treatment has been complicated by the long interval between onset of
hypertension and development of dementia, the relatively short follow-up adopted in clinical
trials performed thus far, and the coexistence with AD as a cause of dementia. Nevertheless,
considering its well-established beneficial effects on cardiovascular morbidity and mortality,
treatment of hypertension is certainly warranted irrespective of its potential positive impact
on cognitive function. Future research exploring the impact of anti-hypertensive treatment
on cognition is still needed to define the best timing and target population for intervention,
and to evaluate whether some antihypertensive agents are more effective than others on
cognitive outcomes!!-

How does hypertension cause cognitive impairment?

The potential factors through which hypertension contributes to dementia are illustrated in
figure 1. Microvascular dysfunction and damage induced by hypertension leads to white
matter disease, microinfarcts, and microhemorrhages, alterations closely correlated with the
cognitive dysfunction®®. Hypertension has major effects on the regulation of the cerebral
circulation, which may impair brain structure and function by reducing vascular reserves and
promoting ischemic injury*12. One of the conditions linked to hypertension is sleep apnea,
which is also a risk factor for demential3. Capone et al.14 investigated the impact of chronic
intermittent hypoxia (CIH), a model of sleep apnea, on the regulation of the cerebral
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circulation in mice. CIH increased blood pressure, induced cerebral endothelial dysfunction
and suppressed the increases in CBF produced by neural activity, a vital homeostatic
response that matches the delivery of energy substrates with the energy demands of the
active brain. The cerebrovascular effects were mediated by upregulation of the potent
vasoconstrictor endothelin-1, which induced the dysfunction via activation of endothelin
type A receptors through NADPH oxidase-derived free radicals. Although it remains to be
established whether the elevation in blood pressure induced by CIH is necessary or
sufficient to induce the cerebrovascular dysfunction, the findings highlight the importance of
endothelin-1-induced cerebrovascular damage in the pathophysiology of risk factors for
cognitive impairment. Angiotensin-2, an octapeptide involved in the mechanisms of
hypertension, has also been implicated in the vascular dysfunction underlying the effects of
hypertension on the brain and leading to cognitive impairment1®. Using a mouse model of
cerebral hypoperfusion, which recapitulates selected features of \VCI, Dong et al.16 found
that inhibition of renin, the enzyme that converts angiotensinogen into angiotensin 1,
protects the brain from white matter injury and associated cognitive impairment. These
experimental findings are in agreement with clinical data suggesting that treatment of
hypertension with inhibitors of the renin-angiotensin system may slow down cognitive
decline®. However, as pointed out in the previous section, the evidence that hypertension
treatment prevents dementia is not conclusive. Hypertension may also promote neocortical
atrophy. Celle et al.1” demonstrated that hypertension leads to reduced gray matter volumes
selectively in the left frontal lobe (supplemental motor area and superior and middle frontal
gyrus), a finding linked to executive dysfunction and independent of major confounders
such as age, sex, education level, and total brain volume. Although the possibility that these
changes were related to local or distant microvascular pathology, e.g., microinfarcts, cannot
be ruled out, the data suggest a potential mechanism for the executive dysfunction
associated with hypertension. As discussed in the next section, hypertension can also
influence cognition by modulating the brain levels of amyloid-f3 (AB), a peptide involved in
the pathobiology of AD.

Hypertension and Alzheimer’s disease

AD is the most common cause of dementia in the elderly, characterized pathologically by
brain atrophy, accumulation of amyloid in the brain parenchyma (amyloid plaques) and
blood vessels (amyloid angiopathy), as well as aggregation of the microtubule stabilizing
protein tau (neurofibrillary tangles)18. Although AD has been traditionally considered a
disease of neurons, recent epidemiological, pathological and experimental data implicate
vascular factors in its mechanisms®1°. In particular, some studies, but not all, e.g., Ninomiya
et al.9, have shown that mid life hypertension is a risk factor for AD. Although the
mechanisms of the association remain unclear, there is evidence that hypertension may
promote the accumulation and/or aggregation of the AP peptide in brain. Increases in brain
amyloid have been reported in ApoE4+ hypertensive individuals, an effect reduced by
antihypertensive treatment20, In this context, Shah et al.2 examined the relationship
between midlife blood pressure, plasma Ap, late life dementia and amyloid deposition at
autopsy in Japanese Americans enrolled in the Honolulu Asia aging study. They found that
increases in diastolic blood pressure in midlife are associated with reductions in plasma Ap,
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and increased amyloid angiopathy and dementia risk. The findings raise the possibility that
the cerebrovascular dysfunction and damage produced by midlife hypertension impairs the
vascular clearance of brain A, resulting in amyloid accumulation in cerebral blood vessels
and cognitive dysfunction. These clinical-pathological observations are in agreement with
experimental data demonstrating that the vascular clearance of Ap is impaired in
dysfunctional cerebral blood vessels leading to amyloid angiopathy?2. Whatever the
mechanisms of the interaction, the realization that cerebrovascular damage may play a role
both in vascular dementia and AD supports the notion that maintaining vascular health by
controlling vascular risk factors, such as hypertension, may be an important preventive
strategy for late life dementia.
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Figure 1.
Potential mechanisms of the cognitive dysfunction induced by hypertension. Hypertension-

induced microvascular damage leads to subcortical and periventricular white matter damage
(leukoaraiosis), microinfarcts, and microhemorrhages, and may promote amyloid
accumulation in brain by impairing the vascular clearance of the Ap peptide. Hypertension
has also been associated with atrophy of the left frontal lobe, a finding that may underlies
the alterations in executive function induced by hypertension.
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