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Abstract: There is substantial evidence that moderate consumption of alcohol reduces
significantly the risks of coronary heart disease, stroke and type 2 diabetes. Furthermore, the
incidence of dementia, both of the Alzheimer’s type (AD) and the vascular variety (VaD), is
lower in societies which consume a Mediterranean diet of mainly fish, fruit, vegetables, olive oil,
and wine. In particular, extensive evidence from both population-based cohort and case control
studies in different areas of the world and across genders and racial groups suggests that regular
consumption of moderate amounts of alcohol, especially in the form of wine, is associated with
alower risk of developing AD and VaD compared with abstention and heavy drinking. Carriers
of the APOE ¢4 allele seem to gain less benefit. Age-related cognitive decline, particularly in
women, is lower in regular drinkers, while older drinkers with Mild Cognitive Impairment
(MCI) progress less frequently to AD than their abstaining counterparts. Plausible biological
mechanisms for the neuroprotective effects of wine include its glucose-modifying, antioxidant
and inflammatory properties, but it additionally seems to modify the neuropathology of AD,
particularly the deposition of amyloid plaque. Indeed, some of these mechanisms are already
targets for the development of new therapeutic agents for the treatment of dementia.
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Introduction

Alcohol and particularly wine have a long history dating from neolithic times, and
their use in medicine is also very old.! Their medical applications have been manifold,
and especially in the beginning they were principally used for antimicrobial and anti-
fungal purposes.? The advent of modern clinical epidemiology has allowed the many
traditional uses of alcohol and wine as medicines to be put to serious testing. Thus,
prospective population-based studies have amply demonstrated the protective effects
of moderate daily consumption of alcohol in lowering the overall risk of coronary heart
disease (CHD), including myocardial infarction, by about 35%?°~ and of total mortal-
ity by 17%—18%.¢ Moderate alcohol consumption even protects already hypertensive
individuals against both CHD and heart failure.® It also seems to protect against isch-
emic stroke, with overall reductions in risk of about 20%—-28%, and women benefitting
most from moderate drinking with a 21%-34% risk reduction.”!* Hemorrhagic stroke
is relatively unaffected by alcohol consumption, except for slight protection at very
low levels of consumption and a much enhanced risk in heavy drinkers. The risk of
type 2 diabetes is also lowered by moderate consumption of alcohol to an extent of
about 30%,'"'? and is associated with beneficial effects on glucose and insulin levels
and on insulin sensitivity." Association is not synonymous with causality, and total
independence from confounders cannot be established in observational data. However,
Klatsky' concluded that, at least for CHD, the consistency of results in worldwide
studies of case-control and prospective designs across racial groups and both genders,
coupled with evidence of plausible biological mechanisms in the enhancing effect of
alcohol on high-density lipoprotein (HDL) and its probable anti-thrombotic effects,
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were sufficient basis to conclude that the drink and not the
drinker was responsible for the lowered risk.

It is the purpose of this review to address the issue of
whether the consumption of alcohol, and in particular wine,
has a similar beneficial effect upon the risks of dementia, both
Alzheimer’s dementia (AD) and vascular dementia (VaD) in
the elderly. The issue of drinking and cognition in old age,
and particularly of Mild Cognitive Impairment (MCI) which
is a harbinger of AD" will also be covered. A systematic
review of the field has recently been published.'®

Dementia

Dementia is a syndrome characterized by a progressive global
deterioration in intellectual function. AD is the most common
pathology, accounting for 50%—75% of cases. The prevalence
of dementia in developed countries rises with age, from about
1% in those aged 60—64 years to over 45% in those aged
95 years and over.!” Recent estimates for numbers suggest
that 18—25 million persons were affected in 2000, and that this
number will double by 2020. Demographic aging in China,
India, and Latin America will probably add to these numbers.
Some symptomatic treatments for AD are available in the
form of the cholinesterase inhibitors donepezil, galantamine,
and rivastigmine, as well as the NMDA receptor antagonist
memantine, but the search is on for disease-modifying
therapies. Current therapeutic targets include the enzymes
involved in the formation and degradation of the amyloid or
tau proteins which are responsible for the classical AD neu-
ropathology of plaques and tangles.'® Therapeutic vaccines
are also being developed to target aberrant proteins as soon
as they appear in the aging brain.

There is also substantial evidence that some commonly
used drugs and lifestyle factors may play important neuropro-
tective roles in lowering the risk for AD.!** The incidence of
AD seems to be lessened in users of statins, antihypertensives
and nonsteroidal anti-inflammatory drugs (NSAIDs), such
that some of the new disease-modifying agents are structural
variants of traditional NSAIDs. However, clinical trials of
standard NSAIDS in AD have proved not to improve cogni-
tive function.?'*> Antioxidants, nicotine and control of blood
glucose may also be important risk modifiers. Life style fac-
tors like mental and physical exercise, as well as diet, have
been shown in large-scale community-based studies to play
important roles. For example, those people with substantial
cognitive reserve in old age seem less likely to manifest
the symptoms of AD in the face of ongoing pathology.?
There is also a lower incidence of MCI and AD in societies
which consume a Mediterranean diet of mainly fish, fruit,

vegetables, olive oil, and wine.”® Meta-analysis of studies
involving over 1.5 million subjects revealed an overall risk
reduction of about 13%,?* while intervention studies in the
elderly in New York City have shown a 40% reduction in
AD risk® and a 35% reduction in mortality in those who
developed AD.* In the Three-City Cohort Study carried out
in 8085 French subjects aged 65 years or older there were
281 incident cases of dementia during a 4-year follow-up,
183 of which were AD. Regular consumption of fruit and
vegetables, of fish, and of ®-3 rich oils reduced the risk for
dementia including AD by between 38% and 54%.>” Weekly
consumption of fish or seafood significantly reduced the risk
of incident dementia (relative risk [RR] 0.66) in the large
PAQUID cohort in south-western France.®

Type of alcoholic beverage

and patterns of use

The choice of alcoholic beverage is important, although in
many studies the issue is confounded by small numbers and
nonexclusive drinking habits: many of us drink wine, both
white and red, as well as beer and distilled spirits. It seems
that moderate drinkers of alcohol have a lower risk of car-
diovascular disease when their preferred beverage is wine
rather than beer,> as well as a lower risk of all-cause mortal-
ity especially from CHD when wine is preferred to beer or
spirits.*® Whether the reduced risks are associated with the
nonalcoholic constituents of wine or to drinking patterns and
other traits of wine drinkers is unclear.

Many population-based studies have demonstrated that
wine drinkers have healthier life-style habits than their beer
or spirit-drinking counterparts — they are more often women,
college graduates, nonsmokers, and temperate drinkers.**
Indeed, Klatsky'* remarked on the fact that circumstantial evi-
dence only raises a probability, and that it may be the drinker
and not the drink that produces the benefit. Nevertheless, in
the case of dementia it appears that wine may confer a greater
advantage in risk reduction than beer or spirits.!%!163

Apart from the choice of beverage, the pattern of drinking
is also an important factor. What constitutes light, moderate
and heavy drinking is often in the eye of the beholder. More-
over, averaging alcohol consumption can be problematical
in epidemiological studies because individuals can maintain
identical averages by taking one drink daily or seven drinks
on one day of the week, with very different consequences.’
Many studies have indicated that daily consumption is impor-
tant, although Mukamal and colleagues®!*? have suggested
that consumption of alcohol on 3—4 days per week may be
associated with the lowest risk of myocardial infarction in
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men with CHD with red wine providing the most benefit in
preventing ischemic stroke.** Binge drinking, on the other
hand, may double the risk of mortality after myocardial
infarction.** This also appears to be the case with dementia,
where the Finnish twin study has demonstrated that various
degrees of binge drinking may raise the risk of AD by 3- to
10-fold.*

Most population-based studies have used an operational
definition with a boundary of moderate daily consumption
of two standard drinks, a level above which net harm is often
observed.’ However, light to moderate drinking is sometimes
taken to mean a daily consumption of three standard drinks
or less, while gender, age and culture may lower and raise
the boundary for individuals. There is a tendency to set
lower limits for women based upon differences in body fat
from men, but there are really no convincing data on harm
to support this notion. Finally, many participants in studies,
especially heavy drinkers, lie about their consumption, thus
lowering the apparent threshold for harmful effects of alcohol
in community-based samples. Nevertheless, since the first
demonstration of an association between wine consump-
tion and cardiac mortality,*® the existence of the J-shaped
curve, whereby abstainers and heavy drinkers fare worse
than light to moderate drinkers, has remained stable over
three decades.

The amount of alcohol is approximately the same in a
standard-sized drink of each of the three main categories of
beverage, comprising 15 ml or approximately 12.5 g of etha-
nol. This represents a glass of wine of 120 ml (4 US ounces)
at 12.5% alcohol, a glass of beer of 360 ml (12 US ounces)
at 4% alcohol, and a glass of distilled spirits of 37.5 ml
(1.25 US ounces) at 40% alcohol. However, the availability
of wines, beers, and spirits of varying alcohol content which
are being served in different measures leaves room for mis-
interpretation of average alcohol consumption, especially
when most consumers only think in terms of drinks. The use
of widely different units in government guidelines in various
countries does not help, with the UK and Ireland having the
lowest unit at § g alcohol, Australia and New Zealand at 10 g,
much of Europe at 12 g, Canada and the USA at about 14 g,
and Japan the highest at 19.75 g. Some of the complexities
emerged in the large meta-analysis of studies on stroke and
alcohol consumption;’ 20/35 studies reported in grams per
day, while the others used standard drinks defined as 12 g in
the USA, 10 g in Australia, and a generous 21.2 g in Japan.
Most epidemiological studies on alcohol and dementia have
divided drinkers into groups based upon daily consump-
tion in grams, with 12-24 g daily being taken as moderate

and <12 g daily as light drinking. Only few studies have
divided abstainers into those who have never drunk alcohol
and those who have previously been drinkers but stopped at
some time in the past.

Wine and dementia

Some studies have shown no relationship between moder-
ate alcohol consumption and incident dementia: Hébert and
colleagues, both in a community in Boston, Massachusetts®’
and in the Canadian Study of Health and Aging*® showed no
association between incident AD and VaD respectively and
alcohol consumption. Furthermore, studies in communities in
Sydney, Australia®* and Hisayama, Japan.*’ have also failed
to find such an association.

It is intriguing, however, that moderate drinking in the
small town of Dubbo in rural New South Wales was associ-
ated with a 34% lower risk of dementia* whereas there was
no such effect in the much larger city of Sydney;** physical
activity was also an important factor for reducing dementia
risk in Dubbo. Larger amounts of alcohol, including wine, in
the form of binge drinking have a detrimental effect on the
risk of dementia, raising the risk by as much as 10-fold in a
Finnish population.* Other Finnish population-based studies
have shown that moderate consumption of alcohol is associ-
ated with a significant reduction in the risk of dementia.*>*

The largest systematic review of alcohol consumption
and the risk of dementia has recently been published.!® Meta-
analyses of the identified 23 studies suggested that low to
moderate amounts of alcohol are associated with a signifi-
cantly reduced risk of 38% (RR 0.63) for all dementia and
32% for AD (RR 0.57). The reduction in risk for VaD (RR
0.82) was not statistically significant. Studies for the current
review, which focuses on wine rather than just alcohol, were
selected on the basis that they differentiated beverage types.
Thus, substantial evidence from both population-based cohort
and case control studies suggest that regular consumption of
moderate amounts of alcohol, especially in the form of wine
as in the Mediterranean diet, is associated with a lower risk
of developing dementia, both AD and VaD, compared with
abstainers and heavy drinkers (Table 1, Figure 1).

The first prospective study took place in the Bordeaux
region of France, where wine is the principal form of alcohol
consumed and usually on a daily basis.* The PAQUID study
sampled 3,777 subjects aged 65 years and older who were
followed up for three years, during which period 99 cases of
incident dementia were diagnosed of which 66 were classified
as AD. Information on alcohol consumption was collected at
baseline and the participants were divided into nondrinkers,
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Table | Population-based studies of wine consumption and
dementia'®'63

Authors Study type No. of Region
subjects
Orgogozo et al* Cohort 3,777 Bordeaux
Leibovici et al* Cohort 397 France (south)
Huang et al® Cohort 402 Sweden
Lindsay et al*® Cohort 6,434 Canada
Ruitenberg et al* Cohort 7,983 Rotterdam
Truelsen et al*® Case control 1,709 Copenhagen
Mukamal et al*? Case control 746 USA
Larrieu et al?® Cohort 2,950 France
(southwest)
Luchsinger et al Cohort 980 USA (NYC)
Deng et al*® Cohort 2,632 China
Mehlig et al** Cohort 1,462 Goteborg,
Sweden

mild drinkers (1-2 drinks daily), moderate drinkers (3—4
drinks daily) and heavy drinkers (>4 drinks daily); 95% of
regular drinkers consumed only wine. After adjustment for
age, sex, education, occupation, baseline Mini-Mental State
Examination (MMSE) and other possible confounders, odds
ratios (OR) were 0.19 for incident dementia and 0.28 for
AD when moderate drinkers (318 subjects) were compared
with nondrinkers (n = 971). The 922 mild drinkers showed
a lesser protective effect and only with AD (OR 0.55). All
differences were statistically significant.

A second French study, carried out on a cohort of
397 elderly subjects living in the south of France followed
up for three years, studied the effect of wine and tobacco
consumption on cognitive performance in the elderly.*
While smoking had no protective effect against AD, wine
consumption was significantly associated with a four-fold
diminishing of the risk (OR 0.26). This benefit was apparent
only in those still living in the community, and disappeared
when subjects were institutionalized.

Confirmation of these initial French studies took some
time, but four years later a prospective community-based
study in Rotterdam in the Netherlands was reported.*® A cohort
of 7,983 individuals aged 55 years and older were followed
up for six years, during which period 197 incident cases of
dementia (146 AD, 29 VaD, 22 others) were diagnosed.
The number of drinks of alcoholic beverages was collected
at baseline, and participants were divided into nondrinkers,
those drinking less than one drink per week, or more than
one drink per week but less than one per day, or 1-3 drinks
daily, or more than three drinks daily. Light to moderate

drinking (1-3 drinks daily) was significantly associated with a
lower risk of any dementia (hazard ratio [HR] 0.58) and VaD
(HR 0.29). Men gained more benefit than women, and the risk
was lower among drinkers who carried the apolipoprotein E
€4 allele (APOE €4) but it was less clear for drinkers without
the allele. No significant differences were found between
beverage types, although beer tended to give marginally
lower risk than wine.

A third French study following up the large PAQUID
cohort of almost 3,000 subjects aged over 65 years and living
in the community in southwestern France also confirmed
these results.?® The overall incidences of dementia and
AD over eight years of follow-up were 1.74 and 1.48 per
100 person-years, respectively. Moderate consumers of wine
had a significantly decreased risk of developing any dementia
(RR 0.56) and AD (RR 0.53).

In another prospective community-based cohort study
of 980 subjects aged 65 years and older living in northern
Manhattan, there were 260 incident cases of dementia
(199 AD, 61 VaD) during four years of follow-up.*’ Subjects
were classified at baseline as nondrinkers, light (<1 drink
per month to 6 drinks per week), moderate (1-3 drinks daily)
and heavy drinkers (>3 drinks daily). Because 70% of the
sample were nondrinkers, the light and moderate groups
were amalgamated into a group in which wine was signifi-
cantly associated with a lower risk for dementia (HR 0.64).
After adjusting for age, sex, APOE €4 status, education, and
other alcoholic beverages, only intake of up to three daily
servings of wine was associated with a lower risk of AD
(HR 0.55). The association between wine consumption and
the lower risk of AD was confined to individuals without
the APOE &4 allele.

Several other prospective cohort studies from different
parts of the world have also reported an association between
alcohol consumption and dementia (Table 1). The Canadian
Study of Health and Aging was a nationwide, population-
based study of 6,434 subjects aged 65 years or older, who
were followed up for five years during which period 195 cases
of AD were diagnosed.* Use of NSAIDs, wine consumption,
coffee consumption, and regular physical exercise were all
associated with a reduced risk of AD. At least weekly con-
sumption of wine (OR 0.49) and alcohol of any type (OR
0.68) were significantly associated with a reduced risk of AD,
whereas consumption of beer or spirits were not. In Sweden,
a community-based cohort of 402 elderly subjects was fol-
lowed up for almost six years.* Light to moderate drinking
was significantly associated with a decreased risk of inci-
dent dementia and AD compared with abstention (RR 0.5).
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Figure | Risk of dementia in moderate drinkers relative to abstainers. Orgogozo and colleagues* (Bordeaux); Leibovici and colleagues® (southern France); Ruitenberg and
colleagues* (Rotterdam); Huang and colleagues*’ (Sweden); Lindsay and colleagues* (Canada); Mukamal®* (USA); Luchsinger and colleagues (northern Manhattan); Larrieu and
colleagues? (southwest France); Deng and colleagues®® (Chongging, China); Mehlig and colleagues®* (Goteborg, Sweden). HR, OR, and RR values are described in the text.

In Chongqing, China, a two-year follow-up of 2,632 subjects
aged 60 years or older revealed a significantly lower risk
(RR 0.52) of dementia for light to moderate drinkers (1-21
drinks per week for men and 1-14 for women) than abstain-
ers.® A greater reduction in risk was observed for men
(RR 0.37) than for women (RR 0.76). Alcohol consumption
reduced the risk of VaD (RR 0.31) and other dementias (0.45)
more than that for AD (0.63). Heavy drinking raised the risk
of dementia in Chinese drinkers as did light to moderate beer
consumption, but wine was associated with a significantly
lower risk of dementia compared to abstainers. However, a
second study from Chonggqing of 434 consecutive patients
admitted with ischemic stroke suggested that daily drinking
tripled the risk of post-stroke dementia, presumably VaD,
during the 3 months immediately after the event.’!

Two nested case control studies have explored the
association between alcohol consumption and the risk for
dementia within the context of larger studies designed to
examine cardiovascular events, one in the Cardiovascular
Health Study in 4 communities in the US states of California,
Maryland, North Carolina and Pennsylvania®? and the other
in the setting of the Copenhagen City Heart Study.*® The
US study included 373 cases of dementia and a similar
number of matched controls, and defined weekly levels of

alcohol consumption as 0, less than 1, 1-6, 7—13, or more
than 14 drinks. For all subjects, alcohol consumption and the
risk of dementia followed the classical J-shaped curve with
the 1-6 drinks weekly group at the nadir of the J; however,
this was only true for men whereas women experienced a
lower risk of dementia at all levels of alcohol consumption.
The presence of the APOE €4 allele eliminated the lowered
risk of dementia in all groups. Beer and spirits conferred
no significant benefit at any level of weekly consumption,
but the risk of dementia was lower, though not significantly
so, in wine drinkers at levels of one or 1-6 drinks weekly
(HR 0.72) and in the group who drank more than six drinks
per week (HR 0.62). The Copenhagen City Heart Study
included 83 cases of dementia and 1626 controls, whose
alcohol consumption was measured both by the number of
weekly drinks (<1, 1-7, 8-14, 15-21, 22 or more) and by
frequency (never/hardly ever, monthly, weekly, daily). There
was no association between the number of drinks consumed
per week and the risk of dementia for all drinkers. However, a
significant reduction in risk was found for wine drinkers (HR:
monthly 0.43, weekly 0.33, daily 0.57). Beer drinkers tended
to have a higher risk, while no clear association was found
in spirits drinkers. There were no differences between men
and women.
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Finally, a prospective community-based study followed
1,462 women aged 38 to 60 years and living in Goéteborg,
Sweden in 1968-1969, for 34 years.> In 2002 there were
164 cases of dementia. Wine consumption was significantly
protective for dementia (HR 0.6) and the association was
strongest among women who consumed only wine (HR 0.3).
After stratification by smoking, the protective association of
wine was stronger among smokers. In contrast, consump-
tion of spirits was associated with a slightly increased risk
of dementia (HR 1.5), while beer drinking had no net effect
either way.

Another relevant study not listed in Table 1 was of a dif-
ferent, cross-sectional, design to the prospective community-
based studies described above, and focused primarily upon
cognitive function rather than dementia.”® Using the GIFA
database of adverse drug reactions in hospitalized patients,
all 15,807 individuals admitted to 81 academic hospitals
throughout Italy during specific two-month periods in 1993,
1995 and 1997 were enrolled and observed until discharge.
Cognitive impairment was observed in significantly less of
the alcohol drinkers, 1693/8755 (19%) than in the abstainers,
2008/7052 (29%). After adjustment for possible confound-
ers, alcohol consumption was associated with a significantly
decreased probability of cognitive impairment in the total
sample (OR 0.75). In both subgroups of AD and stroke
patients, alcohol consumption was also associated with a

decreased probability of cognitive impairment, reducing
the respective risks by 29% (OR 0.71) and 34% (OR 0.66),
respectively (Figure 2). These benefits in the Italian elderly
were associated with daily alcohol consumption of less than
40 g for women and less than 80 mg for men; given the pat-
tern of drinking red wine with meals in this population, it is
likely that the benefit can be attributed to wine.

The studies summarized in Table 1 and Figure 1, and
described in more detail above, have amply demonstrated
that moderate alcohol consumption protects in some way
against dementia particularly AD and in some cases also
VaD. It seems that a daily, or possibly 3—4 times weekly,
pattern of drinking is best. The balance of evidence strongly
supports the notion that wine gives more protection than beer
while spirits are sometimes damaging (Table 2), a view also
partly confirmed in the large meta-analysis of Peters and
colleagues.'®

Wine and cognition

Given the evidence that moderate consumption of alcohol,
particularly wine, substantially reduces the risk of dementia,
there is every reason to believe that it would also effect cog-
nitive decline during aging. However, the recent systematic
review of Peters and colleagues'® concluded that small
amounts of alcohol were not significantly protective for
cognitive decline in the elderly (RR 0.89). Furthermore, in
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Figure 2 Alcohol consumption and cognitive impairment in the Italian elderly.
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Table 2 Is wine responsible for the protective effects of alcohol
on the risk of dementia?

e In favor of wine: studies in Bordeaux, France (south), France
(southwest), Copenhagen, Canada, USA (CA, MD, NC, PA), New York
(northern Manhattan), China (Chongqing) and Goteborg (Sweden)

e No difference between wine, beer, and spirits: studies in Sweden and
Rotterdam

the community-based study in Boston which established
no association between alcohol consumption and risk of
dementia,”” low to moderate alcohol consumption was not
significantly related to cognitive function during a three-year
follow-up period.*® However, both the Rotterdam study,*
which looked at the association between alcohol consump-
tion and the risk of dementia, and the Italian elderly study,*
which focused on cognition, concluded that cognitive decline

in old age was less in drinkers (see Figure 2).

A number of other community-based studies have
reported similar findings®¢' that light to moderate drink-
ers have better cognition than abstainers, particularly in
old age with women benefitting more than men. Again
J- or U-shaped curves are common, where heavy drinking
is associated with worse cognitive functioning. The latest
reports on a number of long-term cohorts have also reported
similar findings:

e The UK Whitehall Study 0f 4,272 male and 1,761 female
civil servants followed up for about 11.5 years showed
that cognitive function was significantly better in drink-
ers, even in those drinking more than 240 g alcohol
per week, with benefit being greater in women and not
confined to those subjects with vascular disease.®

e The US Nurses’ Health Study of 12,480 female nurses
followed up for 15-20 years found that moderate drinkers
(<15 g alcohol/day) had better cognition than abstain-
ers, with relative risks in drinkers of around 0.77-0.81
for various cognitive measures.®> Higher levels of alcohol
use did not alter the risks for cognitive impairment or
decline.

e The Women’s Health Initiative Memory Study of 4,461
postmenopausal women aged 65-79 years taking com-
bination hormone replacement therapy followed up for
an average of 4.2 years showed that drinkers had signifi-
cantly higher MMSE scores and less cognitive decline
than abstainers.** Women who consumed about a drink
a day (<15 g alcohol) scored about a year and a half
younger in their mental performance than the nondrink-
ers. Moderate alcohol intake was also associated with
about a 50% reduced risk of combined probable dementia

and MCI, the significance of which disappeared after
adjustment for demographic and socioeconomic factors
and baseline MMSE scores.

The Northern Manhattan Study of 1,428 Hispanic, black
and white individuals showed a positive association
between reported alcohol intake and cognition. Subjects
who consumed less than one drink per week, or between
one drink weekly and two drinks daily, or more than two
drinks daily all had lesser cognitive decline than subjects
who had never drunk alcohol.®

e The Australian Longitudinal Study on Women’s Health,
which included women who were between 70 and
75 years of age in 1996 followed up through 2002,
reported that women who rarely or did not drink alcohol
were more likely to die than those who drank two drinks
daily on three to six days of the week and scored lower
on measures of mental health and social functioning.®

e The Cardiovascular Risk Factors Aging and Dementia
(CAIDE) Study in Finland followed 1,341 subjects for
about 21 years at which point they were 65-79 years
0ld.?” Drinkers at both midlife and later had better cog-
nitive function in several domains including episodic
memory, executive function and psychomotor speed than
nondrinkers.

e A longitudinal community-based study in Pittsburgh
residents with an average age of 74 years assessed every
two years over an average of seven years of follow-up
found that light to moderate drinking was associated with
lesser decline on the MMSE and several cognitive tests
when compared to lifelong abstainers and those who had
stopped drinking.%®
Other designs of studies have confirmed the cohort

findings. The New Mexico Elder Health Survey, a cross-

sectional community survey of 883 randomly selected

Hispanic and non-Hispanic white men and women aged

65 years or older, showed that participants who consumed

alcohol had significantly better scores on seven of nine

cognitive function tests than those who abstained.®’ In a

case control study performed in 208 pairs of elderly Danish

women with a mean age of 73.2 years, cases with impaired
cognition were compared with normal controls, matched by
age and educational status.” Lifestyle practices, co-morbid
disorders and genotypes were compared using multivariate
analyses. Cognitive decline was greater in women who had

a history of depression or the metabolic syndrome and those

who were carriers of the APOE €4 allele, while those who

did regular physical exercise or drank moderate amounts of

alcohol daily, particularly red wine, had significantly better
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cognitive function. Wine consumption halved the risk of
cognitive decline (Figure 3).

MCl is usually defined as isolated memory impairment
in an otherwise healthy individual, and is associated with
an annual risk for AD of up to 25%."" In the US NHLBI
twin study of 514 pairs of male twins born between 1917
and 1927, subjects with MCI were older, consumed less
alcohol and had an increased prevalence of the APOE ¢4
genotype than normal subjects.”? A significantly reduced
risk for MCI (RR 0.93) was associated with moderate
alcohol consumption. In the CAIDE study in Finland,
1484 subjects were followed up for an average of 23 years;
participants who drank no alcohol at midlife and those
who drank frequently were twice as likely to have MCI
in old age than those who drank infrequently.* Risks of
both MCI and dementia increased with increasing alcohol
consumption only in those individuals carrying the APOE
€4 allele.

A more recent Italian study'® followed a cohort of 1,445
noncognitively impaired individuals as well as a separate
cohort of 121 patients with MCI, aged 6584 years, for
3.5 years, which is a period when many of the MCI patients
would be expected to progress to dementia.”’ In the MCI
group, both moderate drinkers (<15 g alcohol daily) of
alcohol and, separately, of wine only, showed significantly
lower rates of progression to dementia than abstainers (HR
0.15 for both groups). Higher levels of drinking did not lead
to a similar reduction in risk of progression to dementia.
Neither alcohol nor wine at any level of drinking altered

the incidence of new cases of MCI in the noncognitively
impaired group of subjects.

Biological mechanisms

for the effects of alcohol and wine
Human data are scarce on the possible biological mechanisms
involved in the protective effects of alcohol and wine against
the onset of dementia. Certainly, the findings in the Cardio-
vascular Health Study that moderate consumption of alcohol,
1-6 drinks per week, reduced carotid artery atherosclerosis
in older adults compared with abstainers could partly explain
the benefits in reducing the risks of stroke and VaD, and, pos-
sibly, AD.” Also, older subjects without dementia living in
Rotterdam had significantly less severe white matter lesions
and fewer brain infarcts on MRI if they were light to moderate
drinkers—one drink weekly to one drink daily, or one drink
daily to less than four drinks daily—than did abstainers or
heavy drinkers.” Abstainers and heavy drinkers additionally
had smaller hippocampal and amygdalar volumes on MRI
than did light to moderate drinkers, but only if the former
carried the APOE &4 allele.

Alcohol, including wine, has well established properties
that contribute to its protective effect against CHD, stroke
and diabetes, namely antiatherosclerotic and antithrom-
botic effects and a major influence on glucose metabolism
(Table 3). Some of these effects will undoubtedly contribute
to the protective effects against dementia, which involves a
number of processes including vascular changes, more pro-
nounced perhaps in VaD than AD. It is interesting to note

[J Alcohol (red wine)

M Physical Exercise

B Metabolic Syndrome

[ Depression

& APO E4 carrier

Odds
Ratio

Figure 3 Danish case control study: Risk factors for cognitive impairment in the elderly.”
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that impaired insulin secretion increases the risk of AD” and
that proper control of diabetes with insulin and antidiabetic
medications results in less AD neuropathology.” AD has
been termed “type 3 diabetes” because of the debilitating
effect of amyloid beta (AP) oligomers on neuronal insulin
receptors in the brain.”

The anti-inflammatory properties of alcohol and wine
will also play a role. Wine polyphenols, for example, have
been shown to inhibit COX-2 mRNA expression in rat
brain.”® It has long been known that inflammatory processes
are probably involved in the development of AD pathology
based upon extensive laboratory evidence.””*® A review of
17 large epidemiological studies suggested that arthritis and
anti-inflammatory drugs are possible protective factors for
AD .3 Long-term use of NSAIDs in humans is associated with
a halving of the risk of AD, as shown by a large meta-analysis
of 25 community-based cohort and case control studies.®? The
benefit may be greatest with ibuprofen.®* However, some
randomized clinical trials of particular NSAIDs have failed
to show benefit, possibly because of a too short duration of
treatment or a lack of deterioration on placebo.?*2# Some
NSAIDs, like ibuprofen and flurbiprofen, are inhibitors of
v-secretase and thereby reduce AP processing and deposi-
tion.* Flurizan, the R-enantiomer of flurbiprofen, is in clini-
cal phase III trials for the treatment of AD.%

Alcohol, and wine, might also have a direct effect upon
cognition by stimulating release of acetylcholine in the hip-
pocampus, for which there is experimental evidence.?’
Data are lacking, however, on a possible association between
alcohol consumption and use of current AD treatments which
target release of acetylcholine.

Table 3 Effects of alcohol which protect against CHD, stroke and
dementia5,79,80,|03,|05

o Antiatherosclerotic:
— Increased levels of high-density lipoprotein cholesterol (HDL)
— Preserved HDL-associated paraoxonase
— Reduced LDL peroxidation
— Reduced macrophage atherogenicity and formation of foam cells
— Increased levels of apolipoprotein A
— Reduced levels of C-reactive protein
o Antithrombotic:
— Decreased levels of fibrinogen
— Decreased platelet aggregation, and additive effects with aspirin
— Increased thromboxane-prostacyclin ratio
— Increased release of plasminogen activator
e On glucose metabolism:
— Decreased blood glucose levels
— Enhanced insulin sensitivity and decreased insulin resistance
e Anti-inflammatory
— Reduction of AB processing

The fact that wine seems to be more effective than alcohol
in most of the studies that evaluated the association between
consumption and the risk of dementia (Table 2) suggests that
there is something different about the ways by which alco-
hol and wine produce their effects. Unlike beer and spirits,
wine contains a variety of polyphenolic molecules which
are extracted from the grapes during vinification, mostly in
the form of members of the flavonoid (eg, quercetin) and
stilbene (eg, resveratrol) chemical families and contained
in grape tannins and anthocyanin pigments.** Polyphenol
content is higher in red than in white or rosé wines because
of the greater degree of extraction during fermentation, and
may vary between grape varieties and geographical regions.
Top varieties for polyphenol content are Pinot Noir and
Merlot, as well as many of the artisanal wines made from
ancient varietals found in the Mediterranean area, especially
in Sardinia and south-west France.”® Wine polyphenols
have pronounced antioxidant properties, although they are
present in wines at quite low levels, corresponding to about
250 mg/l in white and 1500 mg/l in red wines. Polyphenol
content declines as wines age, which argues for drinking
them young and tannic to gain the health benefits in CHD,
stroke, diabetes, and dementia.

Wine has unique properties quite separately from its
alcohol content because of the polyphenols, which possess
potent antioxidant activity and a host of mechanisms which
will promote efficacy in AD and VaD (Table 4). The low
content of polyphenols in all wines makes it unlikely that they
act purely through their antioxidant activity, but they will play
apart in increasing levels of endothelial nitric oxide’! and in
reducing endothelin-1 synthesis®> which will surely influence
atherosclerotic processes in VaD and possibly AD. Doré®
has pointed out that wine polyphenols have major effects on
gene and protein expression in the brain, which go beyond
their direct antioxidant actions and may occur at much lower
doses than are obtained by drinking moderate amounts of
wine. Nevertheless, AD neuropathology, especially plaque
formation, does involve oxidative processes, while normal
aging has been ascribed to the production of free radicals,’***

Table 4 Unique effects of wine polyphenols which may protect
against dementiaia®-%397:%.101.102

e Reduced endothelin-1 synthesis

e Increased levels of endothelial nitric oxide

o Improvement of mitochondrial function

e Stimulation of sirtuin activity

e Clearance of amyloid beta (AB) neuropathology

e Modulation of the expression of genes and proteins
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processes which would undoubtedly be inhibited by wine
polyphenols but not by beer or spirits.

Diminished mitochondrial function and metabolic
homeostasis is associated with reduced longevity as a result
of decreased activity of a family of NAD+-dependent protein
deacetylases called sirtuins. Sirtuins may play a role in pro-
tecting neurons against damage and prolonging their survival
in AD.’® One of the principal wine polyphenols, resveratrol,
has been shown to extend life span in yeasts.”” Dietary
resveratrol improved mitochondrial activity and metabolic
homeostasis in mice.”® It also improved health and survival
of mice on a high-calorie diet,” and retarded aging in mice
by mimicking calorie restriction.'® The effects of resveratrol
were associated with an induction of genes for oxidative
phosphorylation and mitochondrial biogenesis. Synthetic
analogues of resveratrol are under investigation, and one,
SRT501, is in clinical trials for the treatment of obesity.

Just like some NSAIDs, wine polyphenols appear to
attenuate AD neuropathology by acting upon the AP peptide
system but via a different mechanism of action. Resveratrol
markedly lowered the levels of secreted and intracellular
AP peptides produced from different cell lines in vitro.'"!
Unlike the NSAIDs, it did not appear to inhibit AR produc-
tion directly, having no effect upon the 8- and y-secretase
enzymes which produce A, but rather promoted intracel-
lular degradation of AP via a mechanism that involved the
proteasome. Indeed, the resveratrol-induced decrease of A3
could be prevented by several selective proteasome inhibi-
tors. Confirmation of these findings have emerged from an
in vivo study in a mouse model of AD.!? Using Tg2756
mice, which model AD-type AP neuropathology and cogni-
tive changes, moderate consumption of Cabernet Sauvignon
red wine altered both pathology and cognition. Compared to
control groups receiving ethanol or water, the wine signifi-
cantly attenuated AD-type deterioration of spatial memory
function and AP neuropathology. The effect is attributed to
promotion by red wine of nonamyloidogenic processing of
amyloid precursor protein, which ultimately prevents the
generation of A} peptides.

Conclusions

Although an association does not imply causality, there is
substantial evidence from population-based cohort and case-
control studies that moderate and regular consumption of
alcohol is associated with a lesser risk of cognitive decline
in old age and of dementia particularly of AD and possibly
also of VaD. It may also inhibit the progression of MCI to
AD. In general, it appears that the benefit is less in those

individuals carrying the APOE €4 allele. Wine, particularly
red, may offer the most benefit, and women seem to benefit
more than men especially in terms of cognitive decline.

However, wine drinkers may have different behavioral
characteristics than abstainers or drinkers of other alcoholic
beverages, which can confound hard conclusions. The
J-shaped curve is common, whereby moderate drinking is
at the nadir of the J, with abstention and heavy drinking on
the short and long arms respectively. Wine is a part of the
Mediterranean diet, which has also been shown to reduce
the risk of AD along with physical exercise. Plausible bio-
logical mechanisms explain the benefit of alcohol and wine.
As Klatsky'* has pointed out for CHD and alcohol, relative
specificity of the inverse relation of moderate drinking to
dementia is a strong point for causality.
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