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Abstract

BACKGROUND—Evidence suggests that moderate alcohol consumption may protect against
cognitive decline and dementia. However, uncertainty remains over the patterns of drinking that
are most beneficial.

OBJECTIVE—To examine associations between amount and frequency of alcohol consumption
with multiple domains of cognitive function in a well-characterized cohort of older community-
dwelling adults in southern California.

DESIGN—Observational, cross-sectional cohort study.
SETTING—A research visit between 1988-1992 in Rancho Bernardo, California.

PARTICIPANTS—1624 participants of the Rancho Bernardo Study (mean age + SD =73.2+9.3
years).

M easurements: Participants completed a neuropsychological test battery, self-administered
questionnaires on alcohol consumption and lifestyle, and a clinical health evaluation. We classified
participants according to average amount of alcohol intake into never, former, moderate, heavy and
excessive drinkers, and according to frequency of alcohol intake, into non-drinkers, rare,
infrequent, frequent and daily drinkers. We examined the association between alcohol intake and
cognitive function, controlling for age, sex, education, exercise, smoking, waist-hip ratio,
hypertension and self-assessed health.

RESULTS—Amount and frequency of alcohol intake were significantly associated with cognitive
function, even after controlling for potentially related health and lifestyle variables. Global and
executive function showed positive linear associations with amount and frequency of alcohol
intake, whereas visual memory showed an inverted U-shaped association with alcohol intake, with
better performance for moderate and infrequent drinkers than for non-drinkers, excessive drinkers
or daily drinkers.
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CONCLUSIONS—In several cognitive domains, moderate, regular alcohol intake was associated
with better cognitive function relative to not drinking or drinking less frequently. This suggests
that beneficial cognitive effects of alcohol intake may be achieved with low levels of drinking that
are unlikely to be associated with adverse effects in an aging population.
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Cogpnitive aging; drinking frequency; drinking quantity; executive function; visual memory

Introduction

Cognitive decline and dementia are growing public health concerns for our aging population.
Identifying modifiable lifestyle factors that promote successful cognitive aging is of
mounting importance. A large body of evidence indicates that moderate consumption of
alcohol is cardioprotective (see 1 for review). It remains unclear, however, whether moderate
alcohol intake also has neuroprotective effects, conferring resistance to age-related cognitive
decline and dementia. The existing literature on the association between alcohol and
cognitive function is inconclusive: some studies report a beneficial effect of alcohol on brain
health and cognitive function while others report no clear association (2-6). These
inconsistencies may stem from multiple important sources of variability across studies,
including inadequate control for co-varying health and lifestyle factors, failure to distinguish
true abstainers from former drinkers, lack of full characterization of drinking patterns,
heterogeneity of study populations in terms of physiological, genetic or demographic
factors, and differences in cognitive domains tested.

One of the most significant challenges to unraveling the alcohol-cognition association is the
need to account for potential health and lifestyle factors that covary with alcohol
consumption; individuals who drink moderately have lower rates of disability, diabetes, bone
fractures, coronary heart disease and overall mortality (see 7 for review), which may reflect
the healthier lifestyle that frequently accompanies social drinking in older age. Thus, to
isolate the effects of alcohol on cognitive function, it is critical to account for overall health
status as well as other lifestyle factors that may mediate better cognition through improved
health.

Another potential confounder of the alcohol-cognition association is the inclusion of former
drinkers with life-time abstainers in non-drinking reference groups. As individuals may
choose to abstain or quit drinking alcohol for various reasons (8, 9) including personal
preference, religious beliefs, environmental influences or health issues, combining these
heterogeneous groups for comparison against alcohol consumers could either enhance or
obscure the effects of alcohol (10). Life-time abstainers may be less likely than former
drinkers to use other substances, such as tobacco, that may affect health and cognitive
function. Former drinkers may quit drinking due to poor health, which may be related to, or
independent of, complications of prior alcohol intake. In support of this “sick quitter”
hypothesis (11), former drinkers have been found to report poorer subjective health and have
elevated mortality rates compared to lifetime abstainers and moderate drinkers (12, 13).
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Thus, it is important to separate abstainers from former drinkers when examining
associations of alcohol use with cognitive function.

The pattern of alcohol consumption, in terms of both the average amount and frequency of
intake, is also an important consideration. Among studies reporting a positive association
between alcohol and cognitive function, there is little consensus over which quantities or
frequencies of alcohol intake are most beneficial. The dose-response association between
alcohol and cognitive function is poorly characterized; many studies report U-shaped (14,
15) or J-shaped (16, 17) associations, with negative effects associated with non-drinking and
drinking to excess. However, other studies have observed a linear association between
alcohol and cognition (15, 18, 19), suggesting that the upper bound to a protective dose of
alcohol may be quite high or poorly represented in the populations examined. Although less
attention has been devoted to understanding how drinking frequency impacts cognition, this
is an equally critical consideration. For instance, the effects of seven weekly alcoholic
beverages are likely to differ depending on whether those drinks are spread throughout the
week or consumed in one day. Thus far, evidence pertaining to this issue has been limited
and inconclusive; high frequency drinking has been associated with both positive (18, 19)
and negative (20, 21) cognitive outcomes. Furthermore, drinking quantity and frequency are
likely correlated, and it remains to be seen whether these factors independently influence
cognitive function or if one is the predominant modulator.

Physiological, genetic and lifestyle factors may further influence an individual’s response to
alcohol. For instance, cognitive benefits of alcohol may differ between men and women (5,
15, 22), between carriers and non-carriers of the apolipoprotein E (ApoE) €4 allele (23-25)
or between those with lower and higher levels of education or baseline intelligence (26, 27),
and physiological responses may differ between those of different races or ethnicities (28). It
is therefore important to control for such sources of heterogeneity when examining response
patterns to alcohol across study participants.

Finally, alcohol may not affect all cognitive functions to the same degree. For instance, past
studies have suggested that alcohol may be particularly beneficial for global cognition,
executive function or learning, and less protective against speed of processing or verbal
memory impairments [10,15,17,19,29]. Some of the inconsistent findings across past studies
may stem from the evaluation of different, or limited, cognitive outcome measures.

To develop guidelines for healthy alcohol consumption that might be cognitively protective
with advancing age, it is essential to identify the habits that are most beneficial, and to
dissociate the direct effects of alcohol from confounding demographic or lifestyle factors. To
address these outstanding questions, we examined how drinking habits, characterized by
volume and frequency of intake, relate to cognitive function in older age. We further
examined drinking history to assess whether past drinking differentially impacts cognition,
relative to lifetime abstinence or drinking into later life. Cognitive outcomes included
multiple neuropsychological test measures to comprehensively evaluate the association
between alcohol and a range of cognitive domains.
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Subjects and Methods

Study Population

The study population included community-dwelling participants of the Rancho Bernardo
Study (RBS), a population-based study of healthy aging in a Southern California
community. Between 1972 and 1974, 6629 individuals (82% of all adult residents) enrolled
in the study; 2040 (80% of surviving members) returned for a follow-up research visit
between 1988 and 1992, the focus of this study.

Participants at the 1988-92 visit were excluded if they were less than age 50 years (N = 8),
had insufficient data about alcohol consumption for classification of drinking habits (N = 3),
incomplete neuropsychological test data (N = 383), or missing education information (N =
22). After excluding these 416 participants, 1624 individuals remained (977 women, 647
men; mean age + SD = 73.2 + 9.3 years; range 51-99 years).

Study procedures were approved by the University of California, San Diego Human
Research Protections Program Board, and all participants provided informed written consent
prior to participation.

Cognitive Assessment

A neuropsychological test battery comprising five tests was administered by a trained
interviewer to evaluate cognitive function in multiple domains (30). The Mini-Mental State
Examination (MMSE) (31) assesses orientation, attention, language and memory, providing
a measure of global cognition. Scores range from 0 to 30, with higher scores reflecting better
performance. The Trails Making Test, Part B (Trails B) (32) is a measure of executive
function and attention. Participants draw lines to connect, in order, a sequence of alternating
letters and numbers. Performance is measured as seconds required for task completion, with
a maximum time of 300 seconds; higher scores reflect poorer performance. The category
fluency test assesses semantic fluency by asking participants to name as many animals as
possible within 60 seconds (33). The Heaton Visual Reproduction Test evaluates short and
long-term visual memory (34). A series of complex images are briefly presented and
subjects are asked to reproduce the stimuli from memory immediately and again after a 20
minute delay. The Buschke-Fuld Selective Reminding Test evaluates verbal learning and
memory (35). A set of ten words are read and participants are immediately asked to recall
the words. Participants are reminded of any omitted words and asked to recall all ten words
again; the process is repeated six times. The long-term memory retrieval measure, which
assesses the ability to retrieve words from long-term storage, was used in the present study.

Classification of Alcohol Consumption

Information about alcohol consumption was acquired from a self-administered questionnaire
completed at home and reviewed at the clinic visit. Participants were asked whether they had
consumed an alcoholic beverage in the preceding 12 months, and if not, if there was ever a
time when they consumed at least one drink per year. Participants who reported drinking in
the preceding 12 months were asked how frequently they drank alcohol over the previous 30
days (not at all, once, 2-3 times, 1-2 days per week, 3-4 days per week, 5-6 days per week,
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every day) and how many drinks, on average, they consumed on days they drank. A single
drink was defined as a 12-ounce glass of beer, a 5-ounce glass of wine, or 1.25 ounces of
hard liquor. Data on alcohol use patterns from a prior visit (between 1984 and 1987) were
used to corroborate self-reports from participants who indicated that they did not previously
consume alcohol.

Based on their responses, participants were classified as never-drinkers (N = 63), former
drinkers (drank previously, but not during the past year; N = 147) and current drinkers (N =
1414). Current drinkers were further classified according to the quantity and frequency of
alcohol intake over the prior 30 days. To group individuals by quantity of intake, frequency
of intake over the past 30 days was multiplied by amount consumed on days that they drank.
For ease of interpretation, this total was divided by 30 to yield an estimate of the average
number of drinks consumed per day. Participants were then classified using sex-specific
guidelines [36] into light to moderate drinkers (average of less than one drink per day for
women and less than two drinks per day for men; N = 952, referred to hereafter as moderate
drinkers), heavy drinkers (average of one to less than three drinks per day for women, two to
less than four drinks per day for men; N = 397), and excessive drinkers (average of three or
more drinks per day for women, four or more drinks per day for men; N = 65). For grouping
according to frequency of alcohol intake, current drinkers were classified as those who drank
rarely (one or fewer days per month, N = 278), infrequently (two days per month to two
days per week; N = 400), frequently (three to four days per week; N = 151), or daily or near-
daily (five or more days per week; N = 585, referred to here as “daily drinkers”).

Covariate Assessment

Height, waist and hip girth were measured in the clinic with participants wearing light
clothing. Waist-hip ratio was calculated as an estimate of central adiposity. Blood pressure
readings were measured twice on seated, resting participants by a nurse trained on the
Hypertension Detection and Follow-up Program (Hypertension Detection and Follow-Up
Program Cooperative Group, 1976). The mean of the two measures, taken five minutes
apart, was used for analysis. Participants were considered hypertensive if they had an
average systolic blood pressure reading above 140, diastolic blood pressure reading above
90, were taking antihypertensive medication, or reported a physician diagnosis of
hypertension.

Standardized questionnaires, completed at home but reviewed during the clinic visit, were
used to obtain information about medical history, medication use, self-assessed health (the
extent to which the participant felt limited by poor health), smoking history (never, former,
current), and exercise using the Godin Leisure-Time Exercise questionnaire (37). The Godin
Leisure-Time Exercise score is computed as a composite score of the frequency of light,
moderate and strenuous exercise during an average week. Medication use was verified by a
trained nurse who examined pill containers and prescriptions brought to the clinic. ApoE
genotype was available for a subset of 1376 participants. DNA was extracted by Sequana
Therapeutics (La Jolla, CA) using standard techniques (Puregene; Gentra, Minneapolis,
Minn) as previously described (38).
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Statistical analysis

Results

Univariate general linear modeling (GLM) was used to examine whether cognitive
performance, as assessed by the MMSE, Trails B, category fluency, Heaton Visual
Reproduction and Buschke Selective Reminding tests, differed according to amount and
frequency of alcohol intake. GLM or chi-squared tests were conducted to test whether
demographic or lifestyle variables differed according to the amount or frequency of alcohol
consumption. Initial analyses examined potential interaction effects of sex with amount and
frequency of alcohol intake on cognitive function. Because there were no significant
interaction effects, models were adjusted for sex rather than stratified by sex. In addition to
sex, base models included age and education. Fully adjusted models included covariates that
were significantly associated (p < 0.05) with at least one cognitive function test (exercise,
smoking, waist-hip ratio, systolic and diastolic blood pressure, antihypertensive medication,
hypertension and health). For variables with strong collinearity (e.g., blood pressure,
antihypertensive medication and hypertension), the variable with the strongest association
(hypertension) was included in the fully adjusted model. Significant main effects were
followed by pairwise comparisons (least significant difference) between groups.

In analyses on the subset of participants with ApoE genotype data, GLM was performed to
examine whether associations of alcohol with cognitive function differed between carriers
(N =291) and non-carriers (N = 1050) of the ApoE-¢4 allele. Because of small numbers and
opposing directions of dementia risk associated with an £2e4 genotype (N = 35) (39), these
individuals were excluded from analysis.

Because amount and frequency of alcohol intake were correlated, we performed exploratory
analyses on amount of intake holding frequency of intake constant, and on frequency of
intake holding amount of intake constant.

Analyses were conducted using SPSS version 22 (SPSS Inc., Chicago, IL, USA); a two-
sided p < 0.05 was considered significant. Analyses were not adjusted for multiple
comparisons.

Amount of alcohol consumption

Comparisons of demographic and lifestyle characteristics according to amount of alcohol
consumption are presented in Table 1. There were significant differences in sex, age,
smoking status, waist-hip ratio, diastolic blood pressure and overall health by amount of
alcohol consumed. A greater proportion of men than women were moderate drinkers (p <
0.001). Excessive drinkers were younger than all other groups (p’s < 0.05). Never-drinkers
were less likely to smoke than former or current drinkers, and the proportion of former and
current smokers increased with increasing amounts of alcohol intake (p < 0.001). Excessive
drinkers had higher diastolic blood pressure and, after adjustment for age and sex, larger
waist-hip ratios than all other groups (p’s < 0.05). Former drinkers reported worse health
than all current drinkers (p’s < 0.01), and heavy drinkers reported better health than never-
(p = 0.01) and moderate drinkers (p < 0.001). Education, exercise, systolic blood pressure,
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antihypertensive medication, hypertension, and the proportion of ApoE-e4 carriers did not
differ by quantity of alcohol intake.

Differences in cognitive function test performance by quantity of alcohol consumption are
shown in Figure 1. In both the base and fully adjusted models, a main effect of alcohol was
found for MMSE (base: F(4,1616) = 2.77, p = 0.03; full: F(4,1592) = 2.92, p = 0.02), Trails
B (base: F(4,1616) = 3.20, p = 0.01; full: F(4,1592) = 2.44, p = 0.05) and immediate visual
recall scores (base: F(4,1616) = 3.27, p = 0.01; full: F(4,1592) = 2.95, p = 0.02). Pairwise
comparisons in the fully adjusted models revealed lower MMSE scores for never- and
former drinkers than moderate and heavy drinkers (p’s < 0.05). On the Trails B, never-
drinkers scored worse than all current drinkers regardless of quantity, and former drinkers
scored worse than heavy drinkers (p’s < 0.05). Immediate visual recall scores were lower for
never- than moderate drinkers, and for excessive drinkers compared to former, moderate or
heavy drinkers (p’s < 0.05). Category fluency and delayed visual recall scores differed
significantly by drinking quantity in base models, but not in fully adjusted models (category
fluency base: F(4,1616) = 2.56, p = 0.04; full: F(4,1592) = 2.04, p = 0.09; delayed visual
recall (base: F(4,1616) = 2.41, p = 0.05; full: F(4,1592) = 2.30, p = 0.06). The effect of
alcohol was not significant in either base or fully adjusted models for the Selective
Reminding Test (base: F(4,1616) = 2.08, p = 0.08; full: F(4,1592) = 1.71, p = 0.14). There
were no significant interactions involving ApoE genotype for any cognitive function
measure (p’s > 0.10).

Frequency of alcohol consumption

Because there were no significant differences between former drinkers and life-time
abstainers in terms of quantity of drinking, these groups were collapsed into a single non-
drinking group for analyses of drinking frequency. Demographic and lifestyle characteristics
by drinking frequency are presented in Table 2. There were significant differences in sex,
age, education, smoking status, systolic blood pressure, antihypertensive medication,
hypertension and health according to drinking frequency. A relatively greater proportion of
women than men were non-drinkers and infrequent drinkers, whereas a greater proportion of
men were daily drinkers (p < 0.001). Frequent drinkers were younger than all other groups
(p’s < 0.001). Daily drinkers were more highly educated than non- and rare drinkers (p’s <
0.05). The proportion of former and current smokers increased with more frequent drinking
(p < 0.001). Systolic blood pressure was lower for frequent drinkers than non-, rare and daily
drinkers, and for infrequent drinkers than non-drinkers (p’s < 0.05). A greater percentage of
non- and rare drinkers were taking antihypertensive medications (p = 0.001). Non- and rare
drinkers were most likely, whereas frequent drinkers were least likely, to have hypertension
(p < 0.001). Non-and rare drinkers reported poorer health than infrequent, frequent and daily
drinkers (p’s < 0.01). Exercise, waist-hip ratio, diastolic blood pressure and proportion of
ApoE-¢4 carriers did not differ by drinking frequency.

Differences in cognitive function by drinking frequency are presented in Figure 2. In the
base and full models, scores on the MMSE (base: F(4,1616) = 2.64, p = 0.03; full: F(4,1592)
=2.85, p =0.02), Trails B (base: F(4,1616) = 3.51, p = 0.007; full: F(4,1592) = 2.54,p =
0.04) and immediate (base: F(4,1616) = 3.64, p = 0.006; full: F(4,1592) = 3.26, p = 0.01)
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and delayed (base: F(4,1616) = 2.84, p = 0.02; full: F(4,1592) = 2.56, p = 0.04) visual recall
tests differed significantly by drinking frequency. Non-drinkers had significantly lower
MMSE scores than drinkers, regardless of drinking frequency (p’s < 0.05). Trails B
performance was significantly poorer for nondrinkers than infrequent, frequent and daily
drinkers (p’s < 0.05). Infrequent drinkers had significantly higher immediate visual recall
scores than non-, rare and daily drinkers (p’s < 0.01) and higher delayed visual recall scores
than non- and daily drinkers (p’s < 0.05). Performance on the category fluency (base:
F(4,1616) = 1.85, p = 0.12; full: F(4,1592) = 1.82, p = 0.12) and Selective Reminding (base:
F(4,1616) = 0.67, p = 0.61; full: F(4,1592) = 0.64, p = 0.64) tests did not significantly differ
as a function of frequency of alcohol intake. There were no significant interactions involving
ApOE genotype for any cognitive function measure (p’s > 0.05).

Independent effects of amount and frequency of alcohol intake

To examine how quantity of drinking related to frequency of drinking, we examined the
distribution of alcohol quantity groups across the alcohol frequency groups. Of the non-
drinking group, 70% were former drinkers and 30% were life-time abstainers. All
individuals in the rare drinking group consumed moderate amounts of alcohol. Infrequent
and frequent drinkers were mainly moderate drinkers (infrequent drinkers: >99% moderate,
<1%; heavy; frequent drinkers: 74% moderate, 26% heavy), and most daily drinkers were
heavy drinkers (28% moderate, 61% heavy, 11% excessive).

To test whether quantity of alcohol intake affected cognitive function independently of
frequency of intake, we restricted analyses to the subgroup of individuals who drank daily
because this group contained individuals who consumed moderate (N = 163), heavy (N =
357) and excessive (N = 65) amounts of alcohol. To examine whether frequency of intake
influenced cognitive function independently of amount of intake, we restricted analyses to
the moderate drinking group because this group included individuals who drank rarely (N =
278), infrequently (N = 399), frequently (N = 112) and daily (N = 163).

The patterns of results for both sets of exploratory analyses were very similar to results on
the full cohort (compare Figure 1 with Supplemental Figure 1, and Figure 2 with
Supplemental Figure 2). When including only those who drank daily in the current drinker
group, there was a similar linear positive association of alcohol quantity with MMSE and
Trails B scores, and an inverted U-shaped association with visual memory, as observed in
the full analysis. The effect of alcohol quantity was significant in the base model for Trails B
scores (base: F(4,787) = 3.48, p = 0.008; full: (F(4,773) = 2.20, p = 0.07). When including
only individuals who drank moderately in the current drinker group, similar associations of
the frequency of alcohol intake with MMSE, Trails B and visual memory performance were
again observed. The effect of drinking frequency was significant for Trails B scores in the
base model (base: F(4,1154) = 3.03, p = 0.02; full: F(4,1135) = 2.28, p = 0.06) and for
immediate visual memory in the base and full models (base: F(4,1154) = 3.18, p = 0.01; full:
F(4,1135) = 2.78, p = 0.03).
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Discussion

This study reports a positive association between alcohol intake and cognitive function
across multiple domains in older adults, consistent with prior reports that alcohol intake may
reduce risk of cognitive decline with age (2, 3). Individuals who drank moderate to heavy
quantities of alcohol (up to three drinks per day for women, or four for men) scored higher
on tests of global cognition, executive function and immediate visual memory than did
lifetime abstainers and former drinkers. Excessive drinkers, those who consumed three or
more drinks per day for women, or four or more drinks per day for men, performed worse on
tests of visual memory than did those who drank less.

Frequency of alcohol intake was also related to cognitive function. Regular alcohol
consumption (two days per month to four days per week) was associated with better
cognitive performance compared to less or more frequent drinking. Specifically, those who
drank infrequently to daily showed significantly better global and executive function than
non-drinkers, while infrequent drinkers showed better visual memory performance than non-
drinkers and daily drinkers. Partitioning non-drinkers into never- and former drinkers for the
frequency analyses did not materially change the results. Notably, significant differences by
drinking frequency were found even when holding amount of alcohol intake constant.

Stratifications according to quantity and frequency of alcohol intake showed distinct dose-
response curves for different neuropsychological tests, suggesting that alcohol may be
differentially associated with distinct cognitive processes. In line with prior reports (10, 17,
19, 9), we found linear positive associations of amount and frequency of alcohol intake with
global cognition and executive function. In contrast, visual memory scores showed inverted
U-shaped associations with alcohol, being low in non-drinkers and in the heaviest and most
frequent drinkers. This suggests that visual memory may be more vulnerable to adverse
effects of higher doses of alcohol than global and executive functions. Alcohol intake was
unrelated to verbal memory in our study. Although some studies have reported positive
effects (19, 29, 40), others suggest that alcohol is only weakly protective against verbal
memory impairment (10, 18).

Although we observed linear associations of the amount of alcohol intake with global and
executive function, our population comprised predominantly light to moderate alcohol
consumers. The heaviest drinkers consumed fewer than nine drinks daily, and only 16
individuals (less than 1%) demonstrated patterns consistent with alcohol abuse, namely,
consuming five or more drinks daily (41). Notably, our study demonstrated beneficial
cognitive patterns even with moderate, infrequent alcohol consumption. This is important
when considering lifestyle recommendations for successful cognitive aging, as excessive
alcohol can also have negative health consequences. Although excessive chronic alcohol
intake and binge drinking are associated with neuronal damage and cognitive impairment
regardless of age, older adults may be particularly at risk of adverse effects from even lower
amounts of intake. They have greater biological susceptibility to alcohol than younger
adults, are more likely to suffer from medical conditions that may be exacerbated by alcohol
intake, take more prescription medications that may interact with alcohol, and may suffer
more severe consequences from alcohol-related accidents, such as falls (7, 42).
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This study observed no difference in cognitive function between abstainers and former
drinkers. Prior studies that have attempted to dissociate these groups have yielded
conflicting results, reporting both poorer psychomotor attention for former drinkers than
lifetime abstainers (10), and no difference in verbal memory or global cognition between
these groups (40, 43). In our study, former drinkers reported the poorest health of all groups,
consistent with prior reports (12, 13). It is possible that their poorer health may have
overridden any benefit from prior alcohol consumption or that continued alcohol intake,
rather than prior intake, may be essential for any alcohol-related cognitive protection. Here,
the benefits of current alcohol intake persisted after accounting for self-assessed health and
other health-related variables, suggesting that the associations between alcohol and cognitive
function are not attributable to health-related group differences.

Although some studies indicate that alcohol influences cognitive function similarly in men
and women (19), others suggest that women experience greater benefit from moderate
drinking (18, 44, 45) and greater detriment from heavy drinking (5). While we found that
sex did not interact with the alcohol-cognition association, we cannot conclude that
cognitive responses to alcohol do not, in fact, differ between sexes. As our sample included
fewer men than women, it is possible that sex differences would become apparent in a larger,
more sex-balanced, population.

We also did not find significant interactions between ApoE genotype and the alcohol-
cognition association. While some prior studies report that alcohol is more protective for
non-carriers of the 4 allele (23, 24), others report greater benefit for carriers (25) or no
interaction (19, 29) with ApoE genotype. Here, the lack of an interaction with ApoE status
suggests that ApoE genotype is either not a strong moderator of alcohol’s protective effects,
or that its influence depends on other factors not assessed here.

Although the mechanisms by which moderate alcohol appears to be protective remain
unclear, both cardiovascular and neuroprotective processes have been implicated (46). There
is considerable evidence that moderate drinking evokes positive cardiovascular effects,
possibly via higher HDL, lower blood pressure or anti-inflammatory properties (1, 47). Such
changes may confer improved cerebrovascular health and, consequently, better cognitive
function. It is also possible that the alcohol-cognition association may be directly mediated
by protective neural effects, such as attenuation of neuroinflammation, synaptic damage,
apoptosis, or oxidative stress (48, 49). Controlling for hypertension in this study did not alter
our results. Further research is necessary to determine whether other cardioprotective
properties of alcohol mediate its association with cognitive function.

The present study has several limitations. The population was a relatively homogeneous
group of predominantly white, middle-class Americans with at least a high school education.
Although this limits generalizability, it reduces confounding due to differences in race or
ethnicity, socioeconomic status, education, and access to healthcare. We used self-reported
alcohol use, which can be unreliable, particularly among individuals with cognitive
impairment, with participants under-estimating alcohol intake (50) or providing conflicting
responses over time (51). However, we corroborated reports of non-drinking with self-report
four years earlier. Further, self-reported alcohol use in the RBS cohort was shown to
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correlate highly with alcohol use as ascertained separately by a trained dietician during a
dietary recall interview and has been indirectly validated through its correlation with plasma
aspartate aminotransferase and HDL cholesterol in this study (52, 53). Excessive drinkers
are poorly represented in RBS, limiting our power to assess the effects of excessive drinking.
We were also unable to examine associations as a function of type of alcohol consumed,
since information on type of alcohol consumed was not collected in this study visit;
however, there is some evidence that alcohol type may differentially affect cognitive
function, with greater benefit for wine than beer or liquor (54, 55). The exploratory analyses
examining the independent effects of drinking quantity and frequency were limited by small
sample sizes; further investigation is required to better characterize the independent or
interactive influences of the amount and frequency of alcohol consumption. Finally, given
the cross-sectional, observational nature of this study, it is not possible to claim causation.
Other factors that were not accounted for here may underlie observed associations between
alcohol and cognitive function.

This study also includes several notable strengths. The population was large and relatively
homogeneous, thus increasing statistical power and reducing confounding related to
variability across participants. This allowed us to better clarify inconclusive findings from a
previous analysis on a subset of the same dataset (5). Furthermore, individuals were well
characterized in terms of demographics, lifestyle and health, allowing us to examine the
impact of many potentially related variables on the alcohol-cognition association.

In conclusion, moderate, regular alcohol intake was associated with better global, executive
and visual memory functions among older adults, even with control for a number of
potentially related health and lifestyle variables. This suggests that continued moderate
alcohol consumption in older age may be beneficial for cognitive health. Further research is
necessary to clarify biological mechanisms by which alcohol might exert benefits, and to
better understand whether the association of alcohol with cognitive function varies across
socioeconomic, racial or ethnic groups.
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Figurel.
Multivariable adjusted means on each neuropsychological test are shown for each alcohol

consumption group. Trails B scores are plotted with an inverted scale because lower scores
indicate better performance. Scores differed significantly by amount of alcohol intake on the
MMSE (A), Trails B (B) and immediate visual recall (C) tests. There were no significant
effects of alcohol on category fluency (D), delayed visual recall (E) or Selective Reminding
(F) scores. (p’s < 0.05, adjusted for age, sex, education, exercise, smoking, waist-hip ratio,
hypertension and health.) Error bars represent the standard error of the mean.
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Figure2.
Multivariable adjusted means on each neuropsychological test are plotted according to

average frequency of alcohol consumption. Trails B scores are plotted with an inverted scale
because lower scores indicate better performance. MMSE (A), Trails B (B), immediate (C)
and delayed visual recall (E) scores significantly differed by frequency of alcohol
consumption. There were no significant differences by drinking frequency on category
fluency (D) or Selective Reminding (F) scores. (p’s < 0.05, adjusted for age, sex, education,
exercise, smoking, waist-hip ratio, hypertension and health.) Error bars represent the
standard error of the mean.
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