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Abstract

Objective—To examine the relationship between alcohol, both the amount and type, and
cognitive decline in a cohort of Alzheimer's disease (AD) patients.

Methods—A cohort of 360 patients with early AD in New York, Boston, Baltimore and Paris
were followed-up biannually for up to 19.28 years. At each visit, the cognitive profile of the
patients was assessed using the modified Mini-Mental State Examination (MMMSE), and patients'
alcohol intake, including beverage type, was reported by patients' primary caregivers. General
estimating equation analysis was used to determine whether baseline alcohol use was associated
with the rate of cognitive decline.

Results—Heavy drinkers (8 or more alcoholic drinks/week) had a faster cognitive decline,
deteriorating 1.849 more points on their mMMMSE score annually compared to abstainers (P =
0.001), or 2.444 more points compared to mild-moderate drinkers (1-7 alcoholic drinks/week) (P =
0.008). There was no significant difference when comparing mild-moderate drinkers to abstainers.
Increasing standard drinks of hard liquor, but not beer or wine, was also associated with a faster
rate of cognitive decline (f =-0.117 P = 0.001).

Conclusions—Heavy alcohol consumption and more hard liquor are associated with a faster
rate of cognitive decline in AD patients, suggesting that they may hasten the progression of AD.
Our results suggest that alcohol drinking habits might alter the course of AD.
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Introduction

Mild-moderate alcohol intake is widely considered to be associated with a lower risk of
Alzheimer's disease (AD) [1-4], while heavy drinking increases the risk [1, 5-7]. Some
studies have suggested that this relationship is ‘U shaped’, with no alcohol and heavy
drinking conveying an increased risk of developing AD compared to moderate drinking [5,
8]. However, only a few studies [9, 10] have examined the role of alcohol consumption on
AD progression. In a study of 38 AD patients, those who had stopped habitually drinking
after their diagnosis had a slower decline than individuals who were never regular drinkers
[9]. Yet, in another study, a past history of excessive alcohol consumption has been shown to
not alter AD progression over a year [10].

There is debate about whether the effects of alcohol on AD are due to ethanol itself or if
these results are biased by a specific beverage type. Several studies have found that wine, but
not beer or hard liquor, are protective against the development of AD [1, 11-13] but another
disagreed with these findings [14]. One study found that mixed drinks are solely beneficial
[15], while others found that beer [13], or spirits are associated with worse outcomes [16,
17]. In addition, little is known how each beverage type might affect AD progression.

To our knowledge no study has examined how active alcohol consumption, and which type,
may affect cognitive decline in AD patients over an extended period of follow-up.

Material and Methods

Participants

Two cohorts were used in this analysis. The Predictors 1 cohort had 252 subjects from three
locations Harvard University (Boston), John Hopkins University (Baltimore) and Columbia
University (New York). The Predictors 2 cohort was comprised of 305 subjects from the
above sites and also included Hopital de la Salpétriére in Paris, France.

The Predictors Study inclusion criteria, exclusion criteria and evaluation procedures are
described elsewhere [18, 19]. In brief, participants enrolled in the study were clinical
patients who had already met the Diagnostic and Statistical Manual of Mental Disorders,
Revised Fourth Edition criteria for primary degenerative dementia of the Alzheimer type and
Related Disorders Association criteria (NINCDS-ADRDA) for probable AD. Inclusion
criteria included a modified Mini-Mental State Examination (MMMSE) score of 30 or more,
which equates to a Folstein MMSE score of approximately 16 or more [20, 21]. After the
initial visit, participants were followed up approximately every six months. Those with
missing cognition score data or missing data on alcohol consumption were excluded (Figure
1).
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Standard Protocol Approvals, Registrations, and Patient Consents

The local institutional review boards authorized this study and all subjects provided written
informed consent.

Evaluation measures

Demographic information (age, gender, ethnicity and years of education) and mMMSE
score were obtained at the initial visit [19]. Apolipoprotein E (ApoE) was measured using
the method of Hixson [22]. Patients were categorized into 2 groups, based on having at least
one ApoE e4 allele and those possessing none (as the reference).

Questions about alcohol intake were asked to the patient's primary caregiver, the spouse or
less commonly the patient's children, on the first visit and at follow-up visits. The questions
included asking about number of 12 oz. beer bottles per week, number of 4 oz. glasses of
wine per week, and number of 1 oz. jiggers of hard liquor per week. Predictors 1 had an
additional question about total number of alcohol drinks per week, while the total alcohol
per week was calculated for the Predictors 2 data by summing the intake of the different
alcoholic beverages together. The total alcohol intake (see description before) was
categorized into three groups; abstainers, mild-moderate drinkers (1-7 alcoholic drinks per
week) and heavy drinkers (8 or more alcoholic drinks per week). These were chosen based
on what is commonly used in the literature [4, 8]. Because of the tendency of subjects
underreporting alcohol use and the equivalent validity of collaterally attained and self-
reported alcohol data [23,24], the alcohol category attributed to each patient was calculated
from the maximum number of drinks recorded over the first two visits, that is, in the first six
months from entry into the study. This was used as baseline alcohol intake. As such, the
progression analysis started from the second visit and the cognitive measurements from the
first visit were excluded from the analysis (Figure 1). A sensitivity analysis was done by
grouping those who drank 1 to 14 drinks per week as the mild-moderate group and 15 or
more drinks as the heavy drinking group. We also performed a sensitivity analysis using
only the alcohol data reported at the initial visit, as opposed to the maximum amount
reported in the first 6 months.

We also examined the effect of beer, wine and hard liquor on the cognitive decline in AD.
Like the total alcohol variable, we used the maximum weekly consumption of these different
beverages over the first two visits. Due to the relatively small sample of heavy drinkers
within each alcoholic beverage group (6 in the heavy drinking beer group, 12 in the wine
and 10 in the hard liquor), the amount of each beverage consumed per week was used as a
continuous variable.

At the initial and follow-up visits, patients' caregivers were asked about a history of
hypertension, diabetes and chronic alcohol use. Subjects were considered having the
condition if they reported having the condition at any visit. Subjects were also asked
biannually whether they have been diagnosed or been treated for depression. Similarly, the
subject was considered as having depression if at any time they answered yes to these
questions.
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The mMMMSE was used as the cognitive measurement. It was assessed in English in the
United States, and in French in Paris [19]. The mMMMSE is a 57 point version of the Folstein
MMSE and includes as well two calculation items, forward and backward digit span [25],
confrontation naming of 10 items from the Boston Naming Test [26] and recall of the
current country's president and 4 previous presidents.

Statistical Analysis

Results

Baseline characteristics of those who were included in the study and those who were
excluded due to missing data were compared using t tests for continuous variables and Chi-
Square Tests for categorical variables. When examining the demographic information of the
3 alcohol groups, one-way ANOVA and Post Hoc Tests were used for continuous variables
and Chi-Square Tests for categorical variables.

General estimating equation (GEE) analysis was then used to determine whether alcohol use
was associated with the rate of cognitive decline. The duration (in years) between the dates
of the first MMMSE (i.e. the first nMMMSE after the collection of the baseline alcohol data)
and the dates of the follow-up MMMSEs was used as the time variable in the GEE models.
A significant interaction between the time variable and alcohol groups indicates that the rate
of cognitive decline varies across the alcohol groups, with negative and positive p values
indicating faster and slower declines respectively. In order to examine how the mild-
moderate drinking group compared to the abstainer and the heavy drinking groups and the
potential presence of a ‘U shaped’ relationship, two analyses were done when examining the
effect of total alcohol use on AD. One used abstainers as the reference group and the other
used heavy drinkers as the reference group.

The GEE analysis was adjusted for baseline mMMSE score and demographics (age, gender,
ethnicity, years of education) (model 1). We then additionally adjusted for a history of
hypertension, diabetes, chronic alcohol use and depression (model 2). In the GEE models
examining the individual effects of wine, beer and hard liquor, the alcoholic groupings
(abstainer, mild-moderate and heavy drinkers) and maximum weekly intake of other
beverage types within the first six months of the study were also accounted for in all three
models.

We performed a few sensitivity analyses. We used the alcohol consumption from their first
visit only. We also used the 1-14 and 15+ groupings to define mild-moderate and heavy
drinking. Finally, we additionally adjusted for occupational type, smoking status, ApoE
genotype, as well as the alcohol groupings based on the data from the first visit only.

A total of 360 patients with AD were included in the study (Figure 1). Ninety-four people
were excluded due to missing follow up or missing data on the date the mMMSE was
performed, the recorded mMMMSE score, and alcohol data. There were no significant
differences in age, gender, race, or educational level between this group with missing data
and the 360 people included in the study (Table 1).
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Most of the patients included in the study were from the United States. 142 patients were
from New York (39.4%), 108 were from Baltimore (30.0%), 94 were from Boston (26.1%),
and 16 patients were from Paris (4.4%). The average mMMMSE at the time of recruitment
was 38.7 (SD=5.61). Subjects were followed on average 4.5 years (SD=3.28, range 0.26 and
19.28 years). During this time there were 2776 mMMSE assessments.

The three alcohol groups did not significantly differ with regards to their age or baseline
cognitive scores. However, the mild-moderate drinkers had more years of education
compared to the abstainers. The mild-moderate and heavy drinking groups had greater
proportions of males compared to the abstainer group. There was a borderline significant
difference in ethnicity between the three groups. All the heavy drinkers were Caucasian and
a larger proportion of those who identified as Black were in the abstainer group (Table 1).

When using abstainers as the reference group, the GEE analysis found that heavy drinkers
had a significantly faster cognitive decline. Compared to the heavy drinking group, both
abstainers and mild-moderate drinkers had a significantly slower decline, with mild-
moderate drinkers showing the slowest decline (Table 2, Figure 2). However, there was no
significant difference in the decline when mild-moderate drinkers were compared to
abstainers. Results remained the same when adjusted for covariates.

When the type of alcoholic beverage was analyzed we found that increasing standard drinks
of hard liquor per week, but not beer or wine, were associated with a faster decline in
mMMMSE scores in adjusted models (Table 3).

Sensitivity analysis using the alcohol consumption from their first visit only showed similar
results (data not shown). When using the 1-14 and 15+ groupings as well as adjusting for
ApoE genotype the results were also similar (data not shown). Additional adjustment for
occupational type or smoking did not change the results either (data not shown). Compared
to non-drinking AD patients, AD patients with mild-moderate drinking showed a non-
significantly positive effect, while those with heavy drinking showed a faster cognitive
decline.

Discussion

Results from this study indicate a relationship between heavy alcohol use, as well as hard
liquor, and a faster cognitive decline in AD. Mild-moderate drinkers had slower cognitive
decline than the abstainer group, when compared to heavy drinkers. Heavy drinkers declined
an extra 2.444 points per year on their mMMMSE compared to mild-moderate drinkers, but
only 1.849 points more than abstainers. This may be indicative of the ‘U’ shaped curve seen
in the discourse of the development of AD, with mild-moderate drinking acting as a
protective factor in the development of AD and heavy drinking as a risk factor [5, 8].
However, while the mild-moderate drinking group had a less steep slope in cognitive decline
than abstainers (Figure 2), when comparing these two groups, mild-moderate drinkers
showed no significant beneficial effect. It is also possible that some subjects with a more
aggressive form of AD may lose control of their alcohol consumption. Therefore heavy
drinking may be merely a marker of this steeper decline rather than causing it.
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The non-significant effect of mild-moderate alcohol use when compared to abstainers
suggests that the beneficial effect of mild-moderate alcohol use in AD patients may be less
than that found in healthy individuals. Moderate alcohol consumption has been shown to be
protective in decreasing the risk of developing AD [1-4]. Moderate Ethanol Preconditioning
(MEP) is thought to best explain the beneficial effects of moderate subtoxic alcohol usage in
preventing AD by promoting prosurvival pathways and decreasing neuroinflammation
[27-29]. A sensor-transducer—effector model was proposed as the mechanism for this, which
involves N-methyl-D-aspartate (NMDA) receptors as the sensor, multiple protein kinase Cs
and focal adhesion kinases as the transducer and heat shock proteins 70 and 27 as the
effector [27, 30, 31]. We hypothesize that the pathophysiology of AD impairs the
upregulation of prosurvival and anti-inflammatory mechanisms, seen by Collins et al. [27],
such that moderate alcohol use does not hinder the disease process enough to lead to a
significant slower cognitive decline. This is an area that requires further research.

The harmful effects of heavy alcohol consumption, shown by this study, are consistent with
the reported detrimental effects of heavy alcohol consumption on cognition among non-
demented subjects [32-34]. Heavy alcohol use can cause brain atrophy and related
neurological impairments in executive function, working memory, visuospatial abilities,
cognitive processing of emotional signs, gait and balance. This cognitive impairment is
separate from other alcohol related disorders such as Werrnicke's encephalopathy, pellagra
and hepatic encephalopathy [34]. Heavy alcohol use is also thought to exacerbate the
pathology of AD. For example, heavy alcohol use has profound effects on the cholinergic
system, which plays a large role in AD pathology seen by the widespread use of
cholinesterase inhibitors to slow AD progression [36, 37]. Heavy alcohol consumption leads
to the destruction of cholinergic neurons and cortical muscarinic receptors, as well as
decreases acetylcholine release and choline acetyltransferase activity [38, 39]. Furthermore,
heavy alcohol use may also have a direct role in AD's pathophysiology by enhancing tau
accumulation, delaying its clearance and thereby increasing cell death [40].

Our analysis with regards to the effect of different types of alcoholic beverages showed that
an increasing amount of standard drinks of hard liquor was associated with faster cognitive
decline in AD patients. Hard liquor has been associated in some studies with an increased
risk of AD [16, 17], but others failed to show this [11, 13]. While our study did not show a
beneficial effect of wine, it is hypothesized that wine may engender extra protective effects
compared to other beverages, because polyphenols, which are found in wine, both have
antioxidant properties and also inhibit the aggregation of beta amyloid [41,42]. To our
knowledge this is the first study to look at how specific types of alcoholic beverages affect
AD progression, and the first that has shown hard liquor to be associated with faster
cognitive decline in AD patients. The mechanism by which hard liquor exerts this harmful
effect on AD patients, may be due to the increased likelihood of spirits leading to binge
drinking [43], which is associated with a cognitive impairment [5]. This is an area for future
research.

This study has limitations. Alcohol consumption in this study was reported by the patients'
primary caregivers. Gathering collateral information has shown to be of equivalent
legitimacy to self-reporting [24] and therefore may be subject to the same risks of under
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reporting. However, considering the patients' memories are intrinsically compromised by the
disease process, there may be no simple way to examine alcohol use in a longitudinal study
of AD patients that is more valid. Another problem is that we measured alcohol use only in
the first six months from entry and therefore did not take into account intrapersonal variation
in alcohol use during the follow-up period or earlier in life. Although we controlled for
multiple confounding factors, we could not completely rule out the possibility of residual
confounding factors such as nutritional factors and exercise. Unfortunately, we do not have
dietary or exercise information in this study population so we cannot adjust for these factors.
We also did not inquire into the pattern of use, including binge drinking, which is an
independent risk factor of AD [5]. Additionally, because we used observational data, we
were not able to account for unmeasured confounders and therefore cannot infer causality.

In general, our confidence in our findings is strengthened by several factors. To our
knowledge, this is the largest study of its kind to look at the relationship between AD
progression and alcohol. The frequent and thorough follow-up allowed for there to be
enough power to detect and estimate the effects of alcohol and control for confounders. The
longitudinal data allowed the construction of a statistical model that could examine the
temporal sequencing of alcohol as harmful or beneficial to AD progression. Contributing to
the sensitivity of the analysis was the careful diagnosis, which was based on widely
approved criteria and included a consensus diagnostic conference. The study was also done
in university hospitals with staff who had expertise and experience in the area. As a
testament to this, 93% of post mortem analyses showed AD pathological features [19]. As
alcohol consumption alone does not significantly increase the accumulation of amyloid beta
or hyperphosphorylated tau, this minimizes the possibility of patients with cognitive decline
caused by heavy alcohol use being misclassified as AD [44]. The cohort's baseline mMMMSE
of more than 30 ensured that the patients had relatively mild AD at the beginning of the
study and therefore we were able to see the full effects of alcohol use over the course of the
disease. Our results are also supported by sensitivity analysis, with the results still
significant at a lower power.

Conclusion

Heavy drinking (8 or more standard alcoholic drinks per week) and drinking larger amounts
of hard liquor are associated with a faster cognitive decline in AD. The importance of this
study lies in that it is the only study to examine the effects of alcohol intake on the rate of
cognitive decline in AD patients. The findings give support for further investigation into
whether modifying alcohol drinking habits could alter the course of AD. Slowing the
cognitive decline of AD through simple modifiable risk factors is of great clinical
importance to both clinicians and patients alike.
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Figure 1.
Inclusion and exclusion criteria breakdown.
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Figure 2.
The rates of cognitive decline among AD patients with different alcohol drinking habits.
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