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Abstract

Alzheimer’s disease (AD) and cerebrovascular disease
(CVD) frequently co-exist. CVD may precede and act
additionally and synergistically with AD in aging-related
cognitive impairment and dementia (ARCID) resulting in
“mixed dementia”. The incidence of ARCID may be
decreased by the prevention and treatment of
cardiovascular disease. ARCID is increased by adverse
psycho-social factors and the incidence may be reduced
by appropriate psycho-social interventions. A number of
men and women with the neurodegenerative and
cerebrovascular changes of AD and CVD have normal
cognition at the time of death attributable to “high
cognitive reserve” or “cognitive resilience”; the
underlying mechanisms merit urgent investigation. AD-
modifying treatments are still in the early stages of
development and the best hope for reducing aging-
related cognitive impairment and dementia in the
immediate future lies in a broad approach including the
promotion of physical and mental exercise and the active
treatment of vascular risk factors from early and mid-life
onwards, combined with better education and correction
of adverse psycho-social factors.
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Introduction
Alois Alzheimer in 1906 described a “peculiar severe disease

process of the cerebral cortex” with “miliary foci” (β-amyloid
plaques) and “fibrils” (neurofibrillary tangles) in a patient with
dementia praecox and the condition was named “Alzheimer’s
Disease” [1]. The term “Alzheimer’s Disease” is currently used
in several different senses:

(a) Specifically, by neurologists, psychiatrists and others to
mean the form of neurodegeneration characterized by β-
amyloid plaques and neurofibrillary tangles in the brain as
described by Alzheimer; the term “vascular dementia” (VaD) is
used for dementia attributed to cerebrovascular disease.

(b) Loosely, to include all forms of aging-related cognitive
impairment and dementia (ARCID).

(c) Generally, in non-medical circles instead of the word
“dementia”.

The different interpretations of the name “Alzheimer’s
Disease” have led to misunderstanding and the meaning may
only be clear from the context.

Alzheimer’s disease as first described by Alzheimer is but
one of several causes of ARCID (Table 1). The commonest are
AD, Cerebrovascular disease (CVD) and Lewy body disease
(LBD) which frequently co-exist and result in “mixed dementia”
[2]. ARCID may be regarded as a syndrome, i.e., a complex of
symptoms with multiple causes, similar to other chronic
diseases [3].

Table 1 Brain pathologies associated with cognitive
impairment and dementia.

Alzheimer’s disease (β-amyloid plaques, neurofibrillary tangles)

Cerebrovascular disease

Lewy Body Disease and α-synucleinopathies

Non-Alzheimer tauopathies (Supranuclear palsy, Pick’s disease)

TDP-43 proteinopathies (Fronto-temporal lobe degeneration)

Parkinson’s Disease

HIV Immunodeficiency disease

Prion Disease (Creutzfeldt-Jakob Disease)

Cognitive impairment and dementia are commonly
diagnosed clinically according to the 2011 criteria of the
Alzheimer’s Association and the National Institute of Aging of
the USA [4,5]. These are:

(a) Dementia with changes in two or more aspects of
cognition or behavior interfering with day-to day function and
unable to live independently; not due to delirium or a
psychiatric disorder.

(b) Mild cognitive impairment (MCI) with changes in one or
more cognitive domains but the ability to function
independently in daily life with minimal assistance, in the
absence of known systemic or brain disease.

(c) Preclinical disease with changes in biomarkers of AD in
the cerebrospinal fluid, in cerebral structure or function, or in
poor performance on challenging cognitive tests. Patients with
preclinical disease may not necessarily progress to MCI and
dementia.
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Pathology of Alzheimer’s Disease,
Cerebrovascular Disease and
Dementia

The cerebral pathology in men and women with dementia
and in those with normal cognition at the time of death has
been investigated in at least four major post-mortem studies;
the Religious Orders Study and Rush Memory and Aging Study,
the Medical Research Council cognitive and aging study, the
Vienna Trans-Danube aging study, and The National
Alzheimer’s Coordinating Centre USA Study [6-9]. The findings
were similar in all four studies. The main conclusions were that
the changes of AD and CVD (a) frequently co-exist in late-onset
dementia (b) overlap to varying degrees and have additive and
synergistic effects on cognitive decline (c) are sometimes
found in persons with normal cognition at the time of death
[10]. The multicenter post-mortem study in the USA of 5,715
cases with neurodegenerative disease found that
cerebrovascular disease was (a) a common neuropathological
finding in aged subjects with dementia (b) more common in
Alzheimer’s disease than in other neurodegenerative diseases,

especially in younger subjects and (c) lowered the threshold
for dementia due to Alzheimer’s disease and α-
synucleinopathies [9]. The neurodegenerative and
cerebrovascular changes associated with dementia form a
spectrum from pure AD to pure CVD and are most commonly
combined resulting in “mixed dementia” (Figure 1) in a recent
study of 1246 cognitively normal individuals aged 30 to 95,
hippocampal volume (magnetic resonance imaging) and β-
amyloid (positron emission tomography) and memory
performance were measure in different age groups [11]. The
observation were reported as “consistent with a model of late-
onset AD in which β-amyloidosis arises in later life on a
background of preexisting structural and cognitive decline that
is associated with aging and not with β-amyloid deposit”.
“Reasonable candidates for non-AD processes associated with
structural and functional decline in middle age are
cerebrovascular disease and its risk factors, including primary
age-related tauopathy.” The interaction between the
cerebrovascular and neurodegenerative changes is believed to
be of major importance in the pathogenesis of Alzheimer’s
disease [12-14].

Figure 1 Conceptual diagram depicting the most common type of dementia being of mixed pathology- a combination of AD
and CVD. Reducing vascular risk factors not only will have an impact on the CVD end of the spectrum but will also reduce
dementia risk in general.

Cognitive reserve and Cognitive resilience
A significant proportion of men and women with normal

cognition at the time of death have the neurodegenerative
and cerebrovascular changes of the brain associated with
dementia. The discordance between the lack of cognitive
impairment and the neuropathology constitutes prima facie
evidence for the role of some type of brain, neural or cognitive
reserve or cognitive resilience [15]. Cognitive reserve” applies
to high cognitive ability early in life, its maintenance during
midlife and the consequent prevention or postponement of
the development of ARCID [16]. “Cognitive resilience” refers to
the prevention or delay of ARCID in spite of the development
of the pathological changes of AD, CVD and LBD [6]. The
occurrence of cognitive reserve and resilience is evidence that
AD and ARCID are not an inevitable consequence of aging and
the finding merits further investigation.

Risk Factors for Aging-Related
Cognitive Impairment and Dementia

ARCID is associated with a considerable number of risk
factors. A meta-analysis of 323 papers and of 93 factors
considered suitable for epidemiological analysis, identified
nine potentially modifiable risk factors; type-2 diabetes,
obesity, hypertension, homocysteinaemia, frailty, depression,
current smoking, carotid artery narrowing, low educational
achievement [17]. The calculated population attributable risk
combining all nine factors was 0.66 and it was claimed that
two third of AD cases could be explained by these factors.
Potentially modifiable risk factors had been estimated to be
present in approximately 50% of individuals with AD in the
USA and worldwide [18]. The seven modifiable risk factors
included in these estimates were midlife hypertension, midlife
obesity, diabetes mellitus, physical inactivity, smoking,
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depression and low education. The estimates do not take into
account the non-independence of risk factors and the
combined population-attributable risk factors have been
estimated to be about 30% in the USA and Europe [19]. Risk
Factors for ARCID may be divided into (A) Personal and Psycho-

Social and (B) Cerebrovascular and Lifestyle. (Table 2) The
avoidance or treatment of the known risk factors currently
constitutes the best means of decreasing the incidence or
delaying the onset of ARCID.

Table 2 Risk factors for aging-related cognitive impairment and dementia.

Personal and Psycho-social Cerebrovascular and Life-style

Older age (>65) Cardiovascular disease and Stroke

Family history Hypertension

APOεE4 genotype Hyperlipidaemia

Level of education/Cognitive Activity Obesity

Depression Diabetes

Social isolation/Loneliness Physical Inactivity

Disturbed sleep Smoking

Traumatic brain injury Diet

Personal and Psycho-Social Factors

Personal factors
Age, family history and the presence of the lipoprotein

APOEε4 allele are in themselves non-modifiable factors but
their effects can be postponed or mitigated by favorable
health measures. Age is the most important factor
determining the incidence and prevalence of cognitive
impairment and dementia. In a prospective study in the USA
the incidence of all-cause dementia increased exponentially
from about 5/1,000 person-years in the 65-69 years age group
to about 85/1,000 person-years in the age 90+ years [20].
Based on reviews of family and twin studies the estimates of
the genetic heritability of MCI and AD vary from 50% to 80%
[21,22]. The commonest genetic risk factor is the ε4 allele of
the lipoprotein APOE4 which is estimated to increase the risk
of AD about 3 times in heterozygotes and 15 times in
homozygotes [23].

Psycho-social factors
Psycho-social factors, and protective measures that increase

cognitive reserve and cognitive resilience, play an important
part in the prevention of ARCID. In an analysis of more than 20
studies involving 29,000 individuals followed for a median of
7.1 years, higher brain reserve was associated with a lower risk
for incident dementia OR 0.54 (0.49-0.59) [16]. The psycho-
social factors that have been studied include: level of
education, continuing cognitive activity and cognitive
interventions, social and personality factors, depression, sleep
and brain injury.

Level of education, continued cognitive activity
and cognitive interventions

The relative risks for low versus high education in a meta-
analysis of 13 cohort and 6 case-control studies were, for AD
1.80 (1.43-2.27), for non-AD 1.32 (0.92-1.88) and for all
dementias 1.59 (1.26-2.01) [24]. The pooled relative risk for
lower education in a meta- analysis of 31 studies with incident
AD was RR 1.99 (1.30-3.04) [24]. In an analysis of 22
longitudinal studies including 21,456 individuals and 1,733
cases of dementia, the risk of dementia was lower for those
with higher education OR 0.53 (0.45-0.62) [25]. The clinical
trajectories before the development of AD were studied in 442
participants, 171 with low education and 271 with higher
education. The first signs of cognitive decline occurred 15-16
years before dementia in higher educated subjects and 7 years
before dementia in less educated subjects [26]. Higher levels
of education delayed the onset of cognitive decline but was
associated with a more rapid progression once decline
commenced. Low level of education is one of the biggest
contributors to the high prevalence of AD world-wide [16].

A systematic review of 22 cohort studies including 29,000
individuals concluded that complex patterns of mental activity
in early and mid-life was associated with a significant
reduction in the incidence of dementia in later life RR 0.54
(0.49-0.59) [16]. In the Rush Memory Project, after controlling
for a low baseline cognitive function, past cognitive activity,
socioeconomic status and current social and physical activity,
frequent participation in cognitive stimulating activities was
associated with less rapid decline in cognitive function and a
lower incidence of AD, HR 0.58 (0.44-0.77) [27]. A Cochrane
review in 2011 concluded that cognitive training interventions
significantly improved immediate and delayed recall in healthy
older adults [28].
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Social isolation and loneliness
Social isolation and loneliness increase cognitive decline and

the risk of late-life dementia and social engagement may be of
benefit and protective [29,30]. Conscientiousness and purpose
in life are associated with a reduced risk of ARCID [31,32]. A
combined Cognitive Lifestyle Score (CLS) based on educational
attainment, occupational complexity and social engagement
was calculated in the MRC-CFAS Study. Those who maintained
a high CLS throughout life had a 40% reduced risk of
developing dementia [33].

Depression
A systematic review and meta-analysis of 20 studies and of

1,020,172 individuals found that history of depression
increased risk of developing AD with a pooled OR of 2.03
(1.73-2.38) for case control studies and 1.90 (1.55-2.33) for
cohort studies [34]. A clinic-pathological study of 1764 older
persons found that depression was associated with cognitive
decline and was independent of the neuropathological
changes of AD [35]. Treatment of depression in older adults
improves cognitive function but evidence on the prevention of
dementia is lacking [18].

Disturbed sleep
Disturbed sleep has a significant effect on cognition. A sleep

disturbance index (SDI) was measured in men and women
without AD or dementia in the Survey of Health, Aging and
Retirement in Europe. [36]. An increased SDI was associated
with an increased risk of developing AD or dementia OR 1.23
(1.11-1.36) and remained a strong factor for dementia when
overall health status was included in the analysis. A sleep
fragmentation index was quantified using actigraphy in a
cross-sectional study of 737 community-dwelling older adults
with normal cognition followed-up for an average of 3.3 years
[37]. After controlling for age, sex and education, a higher level
of sleep fragmentation was associated with an increased risk
of AD, HR 1.22 (1.03-1.44).

Traumatic brain injury
Moderate and severe traumatic brain injury increases the

risk of cognitive decline and is estimated to increase the risk of
dementia in later life two to three fold [38]. The risk of
cognitive impairment and later onset of dementia is increased
in military veterans who have suffered brain injuries, and also
in those involved in sports such as boxing and American and
Rugby football, particularly in players who have experienced
multiple concussions [39,40].

Cerebrovascular and Life-Style Factors
Many cerebrovascular and lifestyle factors predispose to

ARCID and are modifiable or preventable. Measures that
prevent CVD are similar to those that prevent coronary heart
disease and include active treatment of hypertension,
hyperlipidaemia and diabetes. The cerebrovascular and
neurodegenerative changes associated with aging and the

development of ARCID have a long pre-clinical phase and
measures to prevent or delay the onset of MCI and dementia
need to be actively instituted from early or mid-life onwards.

Cardiovascular disease and stroke
Several measures of cardiovascular disease including

coronary artery calcium (CAC), carotid intimal thickness, and
ankle-brachial index have been associated with an increased
incidence of cognitive impairment and dementia in older
adults. A study of subclinical cardiovascular disease in patients
80+ years found that white women with low CAC scores had a
significantly reduced risk of dementia [41]. A prospective
population-based study of older adults found that those with
increased carotid intima-media thickness at base-line had
progressive cognitive impairment to MCI or dementia [42]. A
systematic review and meta-analysis of 7 cohort studies and 2
case control studies of stroke survivors reported a significantly
and independently increased risk of Alzheimer’s disease;
pooled risk 1.59 (1.25-2.02) [43].

Hypertension
Mid-life, but not late-life hypertension is associated with an

increased risk of AD and dementia with a calculated OR of 1.61
(1.16-2.24) [18,44]. A cohort of a random, population-based
sample of 1449 individuals in Sweden was followed for an
average of 21 years. Those with a raised systolic pressure in
midlife (BP>160mm Hg) had a significantly higher risk of AD in
later life OD 2.3 (CI1.0-5.5) after adjusting for age, body mass
index, education, vascular effects, smoking and alcohol
consumption [45]. A quantitative meta-analysis of 14 studies
of subjects without cognitive impairment or dementia 32,658
with and 36,905 without hypertensive medication found no
significant difference in the incidence of AD but those with
anti-hypertensive medication has a significantly lower
incidence of both vascular dementia RR 0.67 (0.52-0.87) and
all-cause dementia RR 0.87 (0.77-0.96) [46]. In an analysis of
18 longitudinal studies and 11 randomised controlled trials, 7
longitudinal studies of anti-hypertensive medication found
significant benefit on cognitive decline and impairment. Out of
11 longitudinal studies only 3 did not find a significant benefit
of antihypertensive medication on the incidence of dementia
[47]. Four of the randomized controlled trials showed
antihypertensive medication was associated with a significant
decreased incidence of cognitive decline and dementia.

Hyperlipidaemia
A systematic review of 18 prospective studies found a

significant association between high mid-life total cholesterol
(TC) and an increased risk of AD and all-cause dementia. Mid-
life TC but not late-life TC was associated with an increased risk
of dementia [48]. A review of the effect of statins found no
evidence of benefit on the risk of dementia [49]. Two separate
Cochrane reviews found no association between the use of
statins in late life and cognitive decline and no benefit of
statins in the treatment of dementia [50,51].
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Mid-life obesity
Mid-life obesity has been found to be associated with a

significant increase of all-cause dementia In prospective
studies and meta-analyses with a pooled estimate of RR of
1.60 (1.34-1.92) [18]. In a retrospective study from UK general
practice of 1,958,191 people, those who were underweight in
mid-life had a 34% increased risk of dementia and the
incidence decreased with increasing BMI [52]. Very obese
people had a 29% lower risk of dementia compared with those
with a healthy weight. The finding of an increased incidence of
dementia in those who were underweight in mid- or late- life
remains to be explained.

Diabetes
A number of systematic reviews and meta-analyses have

reported an increased risk of impaired cognition or dementia
in association with Type-II diabetes [18]. A meta-analysis of
prospective 28 observational studies found that the pooled
relative risk of developing AD was 1.56 (1.41-1.73) of VaD was
2.27 (1.96-2.66) and all-cause dementia was 1.73 (1.65-1.82)
[53]. Diabetes increased the risk of conversion of MCI to
dementia and the risk was less in diabetics on a Mediterranean
diet [54].

Smoking
A review of 37 studies found that compared with never

smokers, current smokers had an increased risk of AD (RR1.40
–CI 1.13-1.73), VaD (RR 1.38 CI 1.15-1.66) and all cause
dementia (RR1.30 CI 1.13-1.73) [55]. The risk of all-cause
dementia increased by 34% for every 20 cigarettes smoked per
day and was not increased in former smokers. In a study of a
cohort of 21,123 people, heavy smoking in mid-life was
associated with a more than 100% increase in AD, VaD and all–
cause dementia over two decades of follow-up [56].

Physical inactivity
A review and meta-analysis of 16 prospective studies on the

association between physical activity and dementia found that
comparing highest vs lowest activity groups the combined RR
for AD was 0.55 (0.36-0.84) and for all-cause dementia was
0.72 (0.60-0.80) [57]. These values have been reversed to
reflect the risks with inactivity as 1.82 (1.19-2.78) for AD and
1.39 (1.6-1.67) for all cause dementia [18]. A review and meta-
analysis of physical activity in 21 prospective cohorts
comparing higher with lower levels of activity the RR on
cognitive decline was 0.65 (0.55-0.76) and on dementia was
0.86 (0.76-0.97) [58]. A Cochrane analysis in 2015 found that
healthy sedentary elders who begin exercise have a significant
improvement in cognitive function, particularly in mental
processing speed [59].

Diet
A Mediterranean diet (MeD) - high intake of vegetables,

fruits, nuts and olive oil, relatively low intake of dairy products
and red meat, and a moderate intake of wine with meals - has

been claimed to slow cognitive decline and to lower the risk of
AD in several observational studies [60]. In a prospective study
of a similar “MIND” diet, high adherence was reported to be
associated with a reduced risk of AD [61]. A randomized,
controlled trial of MeD supplemented with olive oil and nuts
has been reported to improved cognition [62]. The benefits of
a MeD have been attributed to increased cerebrovascular
blood flow and to the anti-oxidant and anti-inflammatory
effects of specific elements in the diet.

Combined Approach to Prevention of
Aging-Related Dementia

There have been few randomized, controlled studies of the
effect of combined measures on ARCID. The Finnish Geriatric
Intervention Study to Prevent Cognitive Impairment and
Disability (FINGER) reported the results of a double-blind,
randomized, controlled trial of 2,654 individuals aged 60-77
years assigned in a 1:1 ratio to multi-domain intervention
(cognitive training, diet, exercise and vascular risk monitoring)
or a control group (general health advice) [63]. The primary
outcome was a change in cognition in a neuro-psychological
test battery score (NTB). The difference in NTB between the
two groups after 2 years was statistically significant (p=0.03).
There was also a significant difference in secondary outcomes
of executive functioning (p=0.04) and processing speed (0.04)
but not in memory (p=0.36). It was concluded that multi-
domain intervention can improve cognitive function in elderly
people. Nine population-based studies of dementia incidence
and prevalence in England, Sweden, The Netherlands and the
USA have reported a declining prevalence and age-specific
incidence of dementia in recent years [64]. In the Framingham
Heart Study the age and sex-adjusted hazard rates of dementia
in four successive decades starting in 1975 were respectively
3.6, 2.8., 2.2 and 2.0 per 100 persons [65]. Relative to the first
decade the incidence of dementia declined by 22%, 38% and
44%. The risk reduction was significant in the largest group of
persons with a high school diploma or higher qualification HR
0.77 (0.67-0.88) A critical review of five studies in Western
Europe concluded that the changes in overall dementia
occurrence were not statistically significant. The only study
however, that was specifically designed to measure changes
across the generations did find a significant decrease in
prevalence of dementia in the UK of 22% (P=0.03) [66]. The
decrease in the incidence of dementia in recent years has been
attributed to rising levels of education, healthier life-style
including exercise, and better prevention and treatment of
cardiovascular disease. Whether these favorable trends will
continue in the face of rising levels of obesity and diabetes is
uncertain. Although the age-specific incidence of dementia
may be decreasing in some countries, the world population,
the number living to old age, and the number with aging-
related dementia is increasing world-wide. It has been
estimated that the total number of people in the world with
dementia will triple from 2015 to 2050.
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Conclusion
Cerebrovascular disease plays a larger part in ARCID than is

often recognized and much larger part than included under
the category of vascular dementia. “Mixed dementia” with
varying degrees of cerebrovascular disease and Alzheimer’s
disease (characterized by amyloid plaques and neurofibrillary
tangle) is the commonest form of aging-related dementia.
Many measures that reduce the incidence of coronary heart
disease are the same as those that reduce the incidence of
dementia. It is suggested that the cardiovascular measures
that reduce the incidence of dementia do so primarily by
reducing the occurrence or severity of cerebrovascular
disease. As AD-modifying treatments are still in the early
stages of development, the best hope for reducing aging-
related cognitive impairment and dementia in the immediate
future lies in a broad approach; namely the promotion of
physical and mental exercise and the active treatment of
vascular risk factors from early and mid-life onwards,
combined with better education and correction or
modification of adverse psycho-social factors. The aim is to
prevent or delay the onset of ARCID and enable people to live
more active, healthy, longer lives and to lessen the burden on
their families, their carers and society.
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