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ABSTRACT

Traditional teaching subdivides the dementia syndrome into neurodegenerative
Alzheimer’s disease (AD), vascular dementia (VaD), and mixed variants. In spite of the
vast and continuing literature on the dichotomy between AD and VaD, new emerging
concepts highlight the role of cardiovascular risk factors in the pathogenesis of AD,
especially in older patients. Hypertension is the major player in the pathogenesis of
stroke, poststroke dementia, and VaD. AD is the most common cause of dementia,
contributing from 45% to 75% of the cases in Asians and whites, respectively. This
review will focus on the role of hypertension as a reversible risk factor in the
development of dementia, in particular AD. To set the stage, we will first summarize
current insights in the epidemiology of AD, the pathogenesis of VaD and AD, and the
association between neurodegeneration and atherosclerosis.

Dementia is characterized by gradual loss of memory, inability to learn, loss of
vocabulary, communication skills and abstract thinking, disorientation in time and space,
indifference, depression, delusions, loss of autonomy, and ultimately depersonalization and
alienation. Traditional teaching subdivides the dementia syndrome into neurodegenerative
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Alzheimer disease (AD), vascular dementia (VaD), and mixed variants. In spite of the vast
literature on the “dichotomy” between AD and VaD, recent concepts highlight the role of
cardiovascular risk factors in the pathogenesis of AD as well, especially in older patients [1-
7]. However, the nature of the association between AD and vascular pathology awaits further
elucidation. Some researchers consider AD as a secondary event related to atherosclerosis of
the extracranial and intracranial arteries. An alternative hypothesis is, that AD and
atherosclerosis are convergent processes, sharing common pathogenetic mechanisms in the
brain and in the arterial wall, such as disturbances of cholesterol transport, inflammation, and
misfolded proteins [6].

Together with smoking and dyslipidemia, hypertension explains most of the modifiable
cardiovascular risk in the population at large. It is the major player in the pathogenesis of
stroke, poststroke dementia, and VaD. AD is the most common cause of dementia,
contributing from 45% to over 75% of the cases in Asians and North Americans, respectively
[8]. This review, which has been published previously in a shorter format, [9] will focus on
the role of hypertension as a potentially reversible risk factor in the development of dementia,
in particular AD. To set the stage, we will first summarize current insights in the
epidemiology of AD, the pathogenesis of VaD and AD, and the association between
neurodegeneration and atherosclerosis.

EPIDEMIOLOGY OF DEMENTIA

Across 36 cross-sectional studies, the prevalence of dementia ranged from 0.3% to 1% in
subjects aged 60 to 64 years [8]. It exponentially increased to 10% - 20% in octogenarians
and to over 40% in the ninth decade of life [8]. In a systematic review of 15 longitudinal
studies, the incidence of dementia showed a similar age-related dependency with rates
expressed in cases per 1000 person-years ranging from 0.4 to 4 at 60—64 years and from
approximately 20 to over 40 per 1000 person-years at 80-85 years [8]. The 2003 World
Health Report [10] estimated that worldwide adults aged 60 years or over lost around 8.6
million Disability Adjusted Life Years (DALYSs) because of AD or other dementias. In terms
of millions of DALYs lost in this age group, only ischemic heart disease (31.5),
cerebrovascular disease (29.6) and chronic obstructive pulmonary disease (14.4) caused more
premature disability and mortality [10].

Falling birth and death rates predict an unprecedented demographic revolution. At the
beginning of this century, about 600 million of the world’s population was 60 years or older.
This number will double by 2025 and by 2050 reach two billion, the overwhelming majority
of whom will be living in developing countries. {10] Currently 24.3 million people have
dementia with an annual incidence of 4.6 million new cases [11]. In view of the age
dependency of cognitive impairment, the number of patients with dementia will increase
twofold every 20 years to 81.1 million by 2040, with over 60% living in developing countries
f11]. In the United States, the number of demented patients with roughly triple from 4.6
million in 1998 to 16 million by 2050 [12]. The interaction or convergence between disease
processes leading to cardiovascular disorders and dementia hopefully holds promise toward
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the search for effective and common prevention of both of these disabling and burdensome
conditions worldwide.

PATHOGENESIS OF DEMENTIAS
Vascular Dementia

VaD is caused by ischemic or hemorrhagic cerebrovascular disease, or by ischemic brain
injury resulting from cardiovascular or circulatory disorders [13,14]. Poststroke dementia is
the most common form of VaD [15]. In North American patients aged 60 years or more, the
prevalence of dementia 3 months after an ischemic insult was 26.3%, about 9 times higher
than in matched controls [16]. In another series of hospitalized patients with a first lacunar
infarct, the 4-year incidence of dementia was 23.1% [17].

VaD may result from a single stroke interrupting brain circuits critical for memory and
cognition (strategic infarct dementia) or from multiple strokes (multi-infarct dementia)
[13,14]. Subcortical VaD has a more insidious character without the sensory-motor
manifestations associated with stroke, but with progressive changes in personality, mood,
behavior or cognition [13,14].

Alzheimer Disease

AD is a neurodegenerative disease with an inexorably progressive, disabling and fatal
course (Figure 1), of which the clinically overt phase usually spans from 3 to 10 years [2].
The disease primarily affects cholinergic neurotransmission in the medial temporal lobe, the
entorhinal cortex, and the hippocampus [2,18,19]. Interaction between these brain structures
plays a crucial role in memory consolidation, memory optimization during sleep, and spatial
orientation [20]. The prevailing viewpoint on the pathogenesis of AD rests on the extra- and
intra-neuronal accumulation of misfolded protein, amyloid B-peptide (AB), which starts a
pathogenetic cascade resulting in neurotoxicity [2,21].

Neurofibrillary tangles are the main histopathologic hallmark of AD [2,21,22]

NEURODEGENERATION AND ATHEROSCLEROSIS

Numerous neuroimaging [24-27] and post mortem histopathologic [3,23,28-30] studies
indicate that up to one third of AD patients have some degree of vascular pathology, whereas
in a similar proportion of VaD patients AD lesions are also present. Especially in older
patients, increasing evidence suggests a strong link between AD, cardiovascular risk factors,
and atherosclerosis. According to the Neuropathology Group of the Medical Research
Council Cognitive and Ageing Study, [3] these observations illustrate how much present
research on AD is based on a simplified view of the disorder as the conventional amyloid
plaque cascade is not reflected in the brain pathology of a large number of demented people,
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particularly in the age groups at the highest risk. A more balanced view is that the summation
of vascular brain lesions, white matter damage reflecting small vessel disease, and typical AD
pathology interactively lead to dementia, even when each type of lesion, on its own, would
not be severe enough to cause dementia [15]. To complete the picture, current evidence
suggests that cholinergic neuronal processes are not only involved in cognition per se, but in
the preservation of cerebral blood flow as well (Figure 2) [7,31-33]. Indeed, cholinergic
agents stimulated regional cerebral blood flow both in human volunteers [33] and in patients
with AD [31-33] or VaD [31].
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Figure 1. Time course of cognitive functions (reproduced with permission from reference 14).

Four years after two independent groups first reported an independent association
between AD and the apolipoprotein E (4POE) 4 allele [34,35] a quantitative overview of the
literature, [36] published in 1997, and later studies [37] confirmed that the APOE &4 allele
represents a major risk factor for AD in all ethnic groups, across all ages between 40 and 90
years, and in both women and men. The &4 allele enhances the risk threefold in heterozygotes
and by a factor 15 in homozygotes [36]. The APOE &4 allele accounts for most of the genetic
risk in sporadic AD [2,6]. Here, the term sporadic is a misnomer, because late-onset AD is
manifold more frequent than the familial forms of AD with onset at early age, which are due
to mutations in APP or presenilin-1 [2,6].
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Figure 2. Overlap between neurcdegenerative and vascular dementia and interaction between
cholinergic factors and cerebral blood flow. Reproduced with permission from reference 9.

BLOOD PRESSURE AS RiISK FACTOR FOR DEMENTIA

In middle-aged and older adults, hypertension is the predominant and most frequent
cardiovascular risk factor. Any man normotensive at 50 years has a probability over 90% to
become hypertensive during the remainder of his lifetime [40]. Studies on the association
between cognition and blood pressure can be subdivided into those with a cross-sectional
approach as opposed to those with a longitudinal design. The endpoint in these studies can
be: disease outcomes, such as dementia, AD or VaD; morphologic or functional alterations of
the brain as documented by modern neuroimaging techniques or histopathologic autopsy
studies and cognitive function as assessed by batteries of tests each covering varying
cognitive domains or more global tests of cognition, such as the Mini Mental State
Examination (MMSE) or composite scores of specific tests.

CROSS-SECTIONAL STUDIES

Cross-sectional studies, in which outcome and exposure are simultaneously recorded,
obviously have limited capability to assess the association between cognition and blood
pressure. The extensive lag phase between the onset of hypertension and subsequent
cognitive impairment together with the insidious clinical course of neurodegenerative
dementia necessitate long-term prospective studies.
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Longitudinal Cohort Studies

In 1996, Skoog and colleagues published a pioneering longitudinal study on the
incidence of dementia in relation to blood pressure [42]. They recruited 70-year old residents
(57.8% women) of Goteborg, Sweden, of whom 302, 205, and 94 were available for a re-
assessment at 75, 79, and 85 years, respectively. Participants who developed dementia at age
79-85 had higher systolic blood pressure at 70 years (178 versus 164 mm Hg) and higher
diastolic blood pressure at ages 70 (101 versus 92 mm Hg and 75 (97 versus 90 mm Hg) [42].
Patients specifically developing AD or VaD, had higher diastolic blood pressure at ages 70
and 75, respectively [42].

Although based on relatively few subjects, Skoog’s seminal report [42] set the stage for
subsequent studies published in the second half of the 1990s [43-46]. These reports
confirmed that with multivariate adjustments a relatively high diastolic blood pressure (=75
mm Hg versus <70 mm Hg) at age 50, [43] or a persistently elevated systolic blood pressure
(=140 mm Hg) at ages ranging from 43 [45] to 75 [44] years, or stage 2 hypertension (=160
mm Hg systolic and =95 mm Hg diastolic) within the 59-71 age bracket [46] consistently
predicted worse cognitive performance [43-46] or more severe white-matter lesions [45] at
ages ranging from 63 [46] to 79 [45] years.

The clinical manifestations of the dementia syndrome cover a wide spectrum. Screening
relies on tests of specific aspects of cognition or on global tests, such as the MMSE or
composite scores of specific tests. By definition, the temporal association of cognitive decline
or overt dementia with blood pressure is bound to be complex and not necessarily linear [41].
Coincident positive risk factors, such as age, a history of stroke, [47] or the number of APOE
g4 alleles, [48] as well as protective characteristics, such as a larger brain volume, {49] male
sex, [50] moderate alcohol intake, [50] or education [50] modify the risk associated with
blood pressure.

To clarify the role of blood pressure in the pathogenesis of cognitive impairment, we
performed a systematic review of the prospective studies published since 2000, from which
we extracted or computed summary statistics. The outcome variables were either levels of or
changes in single or composite cognitive scores (Table 1), [51-62] the incidence of cognitive
dysfunction, dementia, AD or VaD (Table 2), [38-40,47,48,57,63-71] or the appearance of
brain lesions in histopathologic or neuroimaging studies (Table 3) [72-75]. For each of these
3 endpoints, we arranged the reports according to the age at enrolment.
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Among the studies with cognitive impairment as a categorical endpoint (Table 2) [38-
40,47,48,57,63-71], those using a dichotomized test score [46,47] classified from 15% [48] to
50% [47] of the participants as cognitively impaired and reported positive associations with
hypertension. Two studies [64,68] found no association of MCI with hypertension earlier in
life. Studies with dementia, [38,40,66] AD, [39,40,57,63,65-67,69-71] or VaD [63,66,70] as
endpoints demonstrated a significantly positive association with one or more blood pressure
indexes, if follow-up started from middle age rather than old age [38,40,65,66). Remarkably,
one study involving subjects recruited at the upper end of the age spectrum found an inverse
association of AD with blood pressure [67]. In keeping with the estimates listed in Table 2,
the Baltimore Longitudinal Survey of Aging, based on 11 years of multivariate adjusted
follow-up of 847 subjects (mean age, 70.6 years; 41% women) described age as an important
modifier of the effects of blood pressure on cognition [41]. Among younger participants (60
years at baseline), those with higher systolic blood pressure performed worse on tests of
nonverbal memory and confronting naming, although the test results improved over time due
to a learning effect [41]. Among older participants (80 years), those with higher systolic
blood pressure not only performed worse than subjects with normal blood pressure, but also
experienced a decline in cognitive performance over time [41].

In summary, our overview suggests that especially hypertension in middle age adversely
affects cognition later in life. In old and very old adults, the association between impaired
cognition and hypertension becomes weaker and more difficult to demonstrate, perhaps
because in prospective population studies diastolic blood pressure decreases after age 50,
[76] or because systolic blood pressure falls in the very old [42]. Finally, 1 autopsy report
[72] and 3 brain imaging studies [73-75] with longitudinal perspective observed independent
and positive associations between brain lesions and blood pressure indexes (Table 3).

Low Blood Pressure as Manifestation of Dementia

Already in 1996, Skoog noticed that with advancing age all subjects in his study
experienced a decrease in blood pressure, but that the fall in systolic and diastolic blood
pressure was greater in patients who developed dementia than in their nondemented
counterparts [42]. A retrospective review of the medical records of 1133 women (>75 years)
covering 10 years [77] revealed that systolic blood pressure increased with time in 568
unimpaired subjects, but that it increased less in 274 and 291 women who either developed
cognitive impairment or became demented. Diastolic blood pressure declined significantly
with time in all 3 groups [77]. In a cohort of 242 French patients with moderate AD (mean
age, 78 years; 74% women) [78] blood pressure significantly fell over 1 year of follow-up,
independently of sex, age, body mass index, and antihypertensive drug therapy.

Progressive physical inactivity in those blemished by advancing mental deterioration
may be a substantial factor leading to a fall in blood pressure in the years immediately
preceding and following overt dementia. In addition, neuronal death and defective
cholinergic neurotransmission affecting the autonomic centers in the brain probably results in
a dysregulation of blood pressure (Figure 2). Orthostatic or postprandial dips in blood
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pressure, pari passu with episodes of impaired cerebrovascular blood flow, might actually
contribute to further brain damage, sustaining a perpetuating vicious circle [79].

REVERSIBILITY OF RI1SK ASSOCIATED WITH HYPERTENSION

Nonrandomized prospective studies and randomized clinical trials explored to what
extent blood pressure lowering drugs might affect the risk of cognitive impairment or frank
dementia.

Nonrandomized Observational Studies

Ten prospective studies (Table 4) [46,80-88] explored in multivariate-adjusted analyses
the possible influence of antihypertensive treatment on the incidence of cognitive impairment
or overt dementia. Differences in the definition of the cognitive endpoint, the wide range of
age at baseline and consequent duration of follow-up, varying sampling frames, and
adjustment for different sets of covariates or effect modifiers, such as the APOE €4
polymorphism [46,88], turned the computation of a pooled association size into a mission
impossible. Nevertheless, of the 10 studies (Table 4) [46,80-88], 8 reported that
antihypertensive drug treatment lowered the risk of cognitive decline, the reduction being
significant in 5 reports [80,81,84,86,87]. No single study observed a multivariate-adjusted
significantly elevated risk in treated hypertensive patients. Several researchers tried to dissect
the correlation between cognitive impairment and antihypertensive treatment according to the
main classes of antihypertensive drugs (Table 4). Although plagued by low numbers and
overexploitation of scarce data, the mainstream of these analyses suggests that diuretics
[80,87] might confer particular benefit in the prevention of cognitive impairment. Two
observational studies [89,90] suggested that calcium channel blockers might adversely affect
cognition, but probably reflected reverse causality, patients with more severe hypertension
being more likely to be treated with this potent drug class, self-selection of patients
consenting to follow-up, and the arbitrary nonrandomized definition of the drug class used as
reference [89]. These reports have to be viewed within the context of the controversy in
former times, blaming calcium channel blockers for a wide range of adverse reactions, of
which none withstood the test of randomized controlled trials [91].

Nonrandomized longitudinal studies of cognitive function have to be interpreted within
the context of their well-known methodological limitations. Randomized controlled trials
with a double-blind design and a predefined plan of statistical analysis protect against most of
these weaknesses. Single-blind protocols or open administration of treatment with blinded
endpoint evaluation [92] remove bias in the validation of events, but not in the reporting of
events.
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The trial conducted by the Medical Research Council (MRC) in older adults [93] was the
first outcome study that investigated the effects of antihypertensive drug treatment on
cognitive function. The patients were randomized to a diuretic, (hydrochlorothiazide plus
amiloride), a P-blocker (atenolol), or placebo [93]. Both active treatments reduced blood
pressure below the placebo level. Over a period of 54 months, 2584 patients underwent
elaborate psychometric tests [93]). No significant differences in the test scores occurred.
However, follow-up of 387 surviving MRC patients for 9—12 years revealed that less decline
in systolic blood pressure led to a poorer cognitive outcome, even with adjustments applied
for a family history of dementia, cognitive function at baseline, increasing age, and alcohol
intake [94]. Many other randomized clinical trials of short duration with small sample size
that focused on single or composite cognitive scores, primarily served the marketing goals of
newer classes of antihypertensive drugs [95,96], and can at best be viewed as hypothesis
generating.

The MRC study [93], unfortunately, did not report on the incidence of overt dementia. In
4 outcome trials of blood pressure lowering treatment, [97-100] dementia was a secondary
outcome in its own right. The double-blind placebo-controlled Systolic Hypertension in the
Elderly Program [97] included 4736 patients with mean age of 72 years. SHEP failed to
demonstrate a significant effect of antihypertensive treatment on the incidence of dementia
(Figure 3) despite between-group blood pressure differences exceeding 10 mm Hg systolic
and 4 mm Hg diastolic. The rates on placebo and active treatment were 4.2 and 3.6 cases per
1000 patient-years (relative risk reduction [RRR], 14%; 95% confidence interval [CI], —26 to
54%; P=0.44) [97]. Active treatment consisted of chlorthalidone with the possible addition of
atenolol or reserpine. A subsequent report [101] noticed that although retention to the clinical J
examinations was very high, SHEP patients who missed cognitive assessments were more
likely to be older, less educated, non-White, randomized to placebo, and to have a higher
occurrence of nonfatal cardiovascular events before each follow-up visit. The interpretation
was that selective attrition might have biased the SHEP dementia results towards the null
hypothesis of no differences between the treatment groups [101].

In the double-blind placebo-controlled Systolic Hypertension in Europe (Syst-Eur) trial, |
active treatment consisted of the dihydropyridine calcium-channel blocker nitrendipine,
which could be combined with enalapril, hydrochlorothiazide, or both add-on drugs, to
achieve blood pressure control [102]. Median follow-up lasted only 2 years. The trial had to
be stopped prematurely, because active treatment resulted in a 42% decrease in the primary
endpoint of fatal and nonfatal stroke [102]. Of 4695 randomized patients, 2418 participated
in the substudy on dementia (mean age, 70 years). Compared with placebo, active treatment
reduced blood pressure by 8.3 mm Hg systolic and 3.8 mm Hg diastolic and reduced the
incidence of dementia by 50% from 7.7 to 3.8 cases per 1000 patient-years [103]. After the
double-blind trial had stopped in 1997, all patients were offered therapy with the same active
medication. Median follow-up lengthened to 3.9 years. The number of dementia cases
doubled from 32 to 64 (41 with Alzheimer’s disease) {98]. Immediate compared to delayed
antihypertensive therapy reduced the risk of dementia by 55% (CI, 24 to 73%; P<0.001) from
7.4 to 3.3 cases per 1000 patient-years (Figure 3) [98].
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Figure 3. Incidence of dementia in the Systolic Hypertension in Europe trial (Syst-Eur132) and the
Systolic Hypertension in the Elderly Program (SHEP131). In the Syst-Eur trial, the number of cases of
new-onset Alzheimer disease was 29/43 and 12/21 in the patients randomized to placebo and active
treatment, respectively.132 The corresponding incidence of vascular dementia was 12/43 and 7/21.132
The SHEP reports131,135 did not differentiate between Alzheimer disease and vascular dementia.
Reproduced with permission from reference 9.

In the Perindopril Protection Against Recurrent Stroke Study (PROGRESS) [99],
combination therapy with perindopril plus indapamide (RRR, 23%; CI, 0 to 41%, P=0.05),
but not monotherapy with perindopril alone (RRR —8%; CI —48 to 21%, P=0.60), compared
to placebo, reduced the incidence of dementia in 6105 patients with pre-existing
cerebrovascular disease (mean age, 64 years). The systolic/diastolic blood pressure
differences averaged 12/5 mm Hg and 5/3 mm Hg in the combination therapy and
monotherapy arms, respectively. There was no apparent effect of active treatment among
participants (16.4%) with evidence of cognitive impairment at baseline (RRR, —5%; ClI, —42
to 22%; P=0.70), whereas among patients without such impairment (84.2%) active treatment
protected against poststroke dementia (RRR, 31%; CI, 6 to 49%; P=0.02) [99].

The Study on Cognition and Prognosis in the Elderly (SCOPE) was set up as a double-
blind placebo-controlled trial in 4964 patients (mean age, 76 years) [100]. However, open-
label antihypertensive drugs, which mainly consisted of diuretics, f3-blockers, or both classes
of old drugs, were added to the double-blind study medication in a considerably greater
proportion of the patients randomized to placebo than in those allocated candesartan [100].
The achieved blood pressure was 3.2/1.6 mm Hg lower in the candesartan group. In a post-
hoc analysis [104], patients with cognitive impairment at baseline (MMSE score, 24 to 28)
experienced less further decline in this test on candesartan than in the control group.

Overall, the 4 dementia trials [97-100] included 18 196 patients and 642 dementia cases.
The P-value for heterogeneity across trials was not significant (P=0.18) [105]. Based on a
fixed-effects model, the pooled odds ratio for the prevention of dementia was 0.89 (CI, 0.75
to 1.04) and did not reach statistical significance (P =0.15) [105]. However, sensitivity
analyses revealed a difference in the pooled odds ratios, depending on whether active
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treatment started with an inhibitor of the renin system or not (Figure 4). The pooled odds
ratios were 0.75 (CI, 0.60 to 0.94; P = 0.01) for SHEP [97], Syst-Eur [98] and the
combination therapy subgroup of PROGRESS [106] and 1.08 (CI, 0.84 to 1.38; P =0.54) for
SCOPE [100] and the perindopril-only subgroup of the PROGRESS trial [106]. The
difference between the latter summary statistics was significant (P = 0.04) [105].

Number of Odds ratios Difference

Trials events / patients (95% Cls) (SD)
Control Active
SHEP 44 /2371 3712365 +
Syst-Eur 21171180 1171238 +
PROGRESS/Per 8171280 87171281 =
PROGRESS/Com 13871774 106/1770 —
SCOPE 57 1 2460 6212477 -
All trials 339/9065 303/9131 i -11% (9) 2p=0.15
Heterogeneity p=0,18
3 trials * 20175325 15475373 -., -25% (12) 2p=0.01
Heterogeneity p=0.46 H
OfO OI.S 1.0 1l.5 2.0
Active freatment Control group
better better

Figure 4. Effects of blood pressure lowering treatment on the incidence of dementia in placebo-
controlled trials. Solid squares represent the odds ratios in individual trials and have a size proportional
to the inverse of the variance of the odds ratios. Horizontal lines and diamonds denote the 95%
confidence intervals for individual trials and summary statistics, respectively. Pooled estimates were
computed from a fixed-effect model. The vertical dotted line marks the position of the point estimate of
the pooled effect sizes for all trials combined and trials in which the active treatment included either a
diuretic or a dihydropyridine calcium channel blocker. Reproduced with permission from reference 9.

Mechanism Underlying Prevention of Alzheimer Disease by Blood Pressure
Lowering

The prevention of VaD or poststroke dementia by blood pressure lowering is in keeping
with the well-known vascular origin of these conditions. Until now, Syst-Eur [102,103]
remains the only trial that showed a significant decrease in the incidence of AD (Figure 3). At
the time of the first Syst-Eur report [102], this was an unexpected observation. However, the
subsequently published literature, as reviewed above, indicates that vascular factors,
particularly hypertension, do play if not a causal then at least a permissive role in the
pathogenesis of AD (Figure 2). On the other hand, for nearly the same blood pressure
reduction, antihypertensive treatment with a thiazide did not protect against AD in the SHEP
trial [97].

As we discussed elsewhere, several lines of evidence suggest that dihydropyridine
calcium-channel blockers might specifically protect against neurodegeneration.

Supplied by The British Library - "The world's knowledge"




v20s  (0£'1-¥9°0) 160 Qa'v's T 94 085Y  EEls 0'G (Lv)zst  geee av £g200Z 'VHSD
or0=  {192-890)¢E’t lalsoe
ps'0x  (19'2-2170)99°0 S1'48°'d8s 'v'$S 9'¢e Ly 2e9  oeL oY (9sL)66 €9 av 2002 ‘35343
2e0'0x  (26'0—60°0) 0E0 ASWIK 03 (e'0) 8L Qe
§z0*  (FZTL-60'0) 2L0 MWS ‘WA ’AVd ‘VAD (€1} ze ay
op0'0=  (00°F —5¥0) L9°0 ‘d8Q/S 1N 'Y 'S 9'8z £z 186  1'88 z'e (e'1)8lt 99 W3Q }gh002 ‘wepianay
03 ‘WA ‘LH
Zvor  (662—48'0119°L  'YVAD'OAD'PA'Y'S 6EEx LML THoE  8L9% 2'E (88)99  ivL IOW gg¥00Z ‘ojdony
£9°0 (cg'L - 2£0) 280 pus] 0e1 [opul 2L
010 (§2'L—-L0°0)0E0 a3 [polook [orlg
610 (821~ 1E0)€90 MWS‘'GH'dBA/S’S [0] voz €L 19 0L (50L)SLL 2601 av 56002 'vS18
Hda ‘3SWN
99°'0= (Lr=L0) b '‘a3'oW'ra'v s o'se g'8s 259 o't (s'gles  OSLL 10 018661 ‘YA
( jeasmiug 82UBPYUOD % A (ool 1ad a1e4) awoa
d %G6) 0218 1933 sejeuer0d % 'pPalealL  'YAD %°'d4 ‘eby A'nd SUELE N Ao Apmg

sajpn}s pazjwopueIUoN Ul Juswiess) Brug aajsuapadAyjuy pue Juswjedus aaniuBoy usamjog uojje|dossy ‘(spels) p A1aV.L

Supplied by The British Library - "The world's knowledge"




200 (0L-s'0 L0 a3 ldloze [ales
£0'0 (01=9'0) 20 'OH'WAD'dES'V'S 6ty 001 1'9L &8 0'¢ (L21)¥22  Z0SL  W3Q  (g666L ‘vawioysbuny
2000  (60°1L—8E°0) $9'0 vlse
820  (9v'L-09°0)¥6°0 (2] IS
tadt) (s2'L —09°0) 98°0 olzel
0 (011 —850) 080 Qiso [alesge
200°0 (#8'0—S+°0} 29°0 ‘3 'IH'AH 'V 'S g9y B0l G99  L'LL  LY® (grzL) 88z LI9l 10 g2 002 ‘sliodeueipu
GH4d ‘3SWK 0TV
'MWS ‘W0 'YAD “THOD
vo0'0  (€8'0-8£'0) 950 'dg 'Ine ‘'v's'd ryss  9'9% 0tL 68 12 (LLVes  ose 12 956002 ‘dSHHd
99'0r  (86'L—09°0 €L vloet vl st
¥9'0% (0z'2-ss0) 9kt [pud] 26 (opu] 01
21005 (vE'L—91°0) £SO [polE's [opl v
09'0= (€5'1 —S¥°0) 98°0 [0l6vi iy
€000  (v9'0-80°0) 92°0 [dales ladls
28007 {86°0—2€0)1L9°0 Qg3 ‘wa ‘g lalsez (al oz
9g0'0~ (86'0=Lt0) Y90  'VAD'PIHO'V'S gsy Zbr  TBS™  L'hLm AL {ZrelzoL  Lige av 189002 'S00
{ 1leAI9)U ©2USPYLIOD o A (001 Jed B1e) awaoo
d %G6) 82is ey selenenod % ‘paeall  'wAD %'d ‘sby  A'nd S)UBAZ N0 Apmig

S3IPNIS Pez|WopURIUON U} Jusuneal] Brnig eajsuepadAynuy pue juswaiedul) 3a|)uboD usemieg UoleII08SY (senujjuod) ¢ 378VL

Supplied by The British Library - "The world's knowledge"



1uawiean Srup aaisusladiyiue Lm PRIRIDOSSE %S| BAlIE]8) (82|18 109)3
-ainssaid poojq Mojselp pue oloIsAs=4g /s pue iainssaid pooiq
oljoishs=4gs ‘awes Bujdwes=4g BupowWs=}/S Xas=g ‘eoei=y lasess|p Alape [eseyduad=gyd 'aulieseq 12 Uojeuluex3 9i8ig |BIUSY 1LY JO BI0DS=JSVHY :91ed
pasajjays 0} pasoddo se Ajuapuadapu Buin=g) ‘uoisuspadiy=1 K ‘oseasip Leay=0H ‘eljuaiap Jo Aoisiy Apuej=gH4 ‘uolieonpe=g3 'seje|je p? FOdV Jo Jequinu=y3
swoisseidap=ydQ SNIlow SalRqelp=(J ‘9SeasIP JeNdSeAOIPIEI=JAD 184OAS=YAD ‘Buleseq J& EuaLS Joj JUBWNISY] Bujuaaiag AUNWWOY) JO 81008=(1ISD
‘epus|0IaisajoydiadAy Jo [piaisaloyd ulaiodedii Ajsuep-mo| pue -ybiy *{e1o)=7HD ‘einssaid poojg=4g apul ssew Apoq=wg ‘exelut joyooe=7y :ebe=y isejeieac)
"EJUSLIAP JEINISEA=(JEA Pue Juauiedu aanubod plu=IOn
‘enualap= 3 Bunsa) aaniuboo jeadal so/pue BuuaaIds uo aoueunopad J00d JO ERUAWSP SE pauyap Juauuledw] aApjuboaz)D taseasip JswiRYyzly=agy :sujodpul
*sofjeanip Buneds-wnissejod=d@ pue sopanp=Q :SJ8%00[q [SULBYD WINIIED m:_u_Sao.ﬁ.E_n
-UoU=pUD 'SIaNI0jq [PUUEYD twnded aulpuAdoipAyip=p) 1S19X00|q [BUUBYD WNIDIEI=) (SIoqIYU awAzue Buiusauos-usuajoibue=y :sBnip sajsuapediypuy
eooeld 8JeD AlBwWwld JOjUBS PUBIYDRY UleaH Olswied=dSHHd pue Apms Buiby Jejnasen jo Abojoiuepid3=yAJ ‘Asepi3 ay} Jo saIpNIS ojbojojwepids 10}
suonendod peysiqelss =354 Buiby pue yieeH jo Apmig uejpeued=yHSO Apnis Anog ayden =502 Buiby uo Apmig jeuipniibuo alownea=vsTg :SWALQIDY
qUBWI0IUA Je 8Bk Of BUIPIoE PRIBPIO oM SBIPNIS "PIIEILNSE 84 10U PINOD JY) UoReuLIoju BigE(IBABUN sjuasaidal ', "EAIBIU
23uBpLU0D 3y} woyy uonew)xoidde |euLou B AQ paindiod senjea-d 10 ‘eiep papodal woJj peindwod sonsness ‘dnoibigns Joj ealejuaseldal se UaXE) pue uonejndod Apmis
[E10} 8} WO} PAALIAD SBIBWNSa SBIEDIPY! =, “BHOLS UM SJUBlIBd=YAD PUB (USLIOM JO uopodoid= ‘dn-mojjo; abesaAR=4 (S)09IqNS JO Jequinu=A ISUONRIASIQQY

Supplied by The British Library - "The world's knowledge"



404 Jan A. Staessen, Tom Richart, Lutgarde Thijs et al.

PERSPECTIVES AND CONCLUSIONS

Although hypertension has long been recognized to play a central role in the
pathogenesis of VaD, its identification as an equipotent risk factor for AD had to await the
final years of the twentieth century. Whether or not blood pressure lowering can prevent AD
and to what extent calcium channel blockade provides specific protection against cognitive
decline, is an issue with potentially far-reaching implications for public health. Medical
treatment of established dementia has only marginal benefit and is not cost-effective [107].
Prevention is the only way to counteract the epidemic of AD in the world’s aging
populations. Public research bodies, regulators, and the pharmaceutical industry should no
longer remain indifferent, but take up the challenge [108-109].

Our review also illustrates that research into dementia requires a comprehensive
multidisciplinary approach. Basic researchers, neurologists, geriatricians, and cardiovascular
physicians should join forces and start developing a common language transcending the one-
sided container approaches of the past decennia. Reviewers and editors should facilitate this
process. In scrutinizing submitted research papers, they might adhere to more stringent
standards with regard to the diagnostic instruments that have been administered and check
whether essential confounders have been sufficiently accounted for. Lack of standardization
in the conduct and analysis of studies prevented the computation of pooled statistic from
Tables 1 to 4. Finally, publication of cross-sectional and nonrandomized studies, which only
provide the lowest level of scientific evidence and which can only be hypothesis generating,
should be discouraged in favor of prospective surveys and randomized clinical trials,
respectively.
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