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Abstract

Objective: Heavy alcohol consumption is associated with poorer cognitive function in older 

adults. Although understudied in middle-aged adults, the relationship between alcohol and 

cognition may also be influenced by genetics such as the apolipoprotein (ApoE) ε4 allele, a risk 

factor for Alzheimer’s disease. We examined the relationship between alcohol consumption, ApoE 

genotype, and cognition in middle-aged adults and hypothesized that light and/or moderate 

drinkers (≤2 drinks per day) would show better cognitive performance than heavy drinkers or non-

drinkers. Additionally, we hypothesized that the association between alcohol use and cognitive 

function would differ by ApoE genotype (ε4+ vs. ε4−).

Method: Participants were 1,266 men from the Vietnam Era Twin Study of Aging (VETSA; M 
age = 56; range 51-60) who completed a neuropsychological battery assessing seven cognitive 

abilities: general cognitive ability, episodic memory, processing speed, executive function, abstract 

reasoning, verbal fluency, and visuospatial ability. Alcohol consumption was categorized into five 

groups: never, former, light, moderate, and heavy.

Results: In fully adjusted models, there was no significant main effect of alcohol consumption 

on cognitive functions. However, there was a significant interaction between alcohol consumption 
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and ApoE ε4 status for general cognitive ability and episodic memory, such that the relationship of 

alcohol consumption and cognition was stronger in ε4 carriers. The ε4+ heavy drinking subgroup 

had the poorest general cognitive ability and episodic memory.

Conclusions: Presence of the ε4 allele may increase vulnerability to the deleterious effects of 

heavy alcohol consumption. Beneficial effects of light or moderate alcohol consumption were not 

observed.
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Excessive consumption of alcohol is among the top five risk factors for deteriorating health, 

functional disability, and premature death throughout the world (World Health Organization, 

2014). Alcohol misuse is also a well-established risk factor for developing cognitive 

impairment and dementia during aging (Kuerbis, Moore, Sacco, & Zanjani, 2017). However, 

the impact of alcohol on specific domains of cognition are not entirely clear, especially for 

those who do not drink heavily (Hassing, 2018; Kuerbis et al., 2017; Panza et al., 2012). The 

apolipoprotein E (ApoE) ε4 allele is the strongest genetic risk factor for Alzheimer’s disease 

(Riedel, Thompson, & Brinton, 2016) and ApoE genotype may moderate potential effects of 

alcohol consumption on cognition (Anttila et al., 2004; Downer, Zanjani, & Fardo, 2014; 

Dufouil et al., 2000).

Heavy consumption of alcohol is associated with lower cognitive ability, cognitive decline or 

impairment, and increased risk for dementia (Neafsey & Collins, 2011; Sabia et al., 2014). 

Sabia et al. (2014) found that men who drank heavily (defined as >36 g/day; equivalent to 

>2 or 3 drinks/day) experienced a more rapid decline over 10 years in global cognition, 

memory, and executive function than those with light to moderate consumption (defined as 

<20 g/day). Although most researchers have found negative effects of heavy alcohol 

consumption, Richard et al. (2017) reported that moderate and heavy consumption (up to 3 

drinks/day for women and for men 65 years and older, up to 4 drinks/day for men under 65 

years) was associated with a 2-fold higher likelihood of living to age 85 without impairment 

on the Mini Mental Status Examination than the non-drinking group. In a rare study of 

alcohol consumption and change in cognitive abilities across age ranges, Zanjani, Downer, 

Kruger, Willis, and Schaie (2013) examined three age groups (middle-aged: 45-64, young-

old: 65-75, and old-old: 75+), three alcohol consumption groups (abstinent, moderate (up to 

seven drinks/week), at-risk (more than seven drinks/week) and six cognitive abilities 

(memory, reasoning, spatial, verbal number, and speed). They observed relative stability of 

verbal and spatial ability for at-risk drinkers; however, for men, perceptual speed declined 

over time with increasing alcohol consumption. Although heavy or excessive consumption 

has been associated with worse cognitive outcomes, many studies have reported an inverted 

J- or U-shaped dose-response type relationship between alcohol consumption in cognitive 

functioning, in which light or moderate consumption was associated with better cognition 

than non-drinking or heavy drinking (for reviews, see Kim et al., 2012; Neafsey & Collins, 

2011; Panza et al., 2012). However, some recent studies observed no associations 

(Kalapatapu, Ventura, & Barnes, 2017; Kumari et al., 2014; Topiwala et al., 2017). Thus, 
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whether consumption of lower amounts of alcohol may be beneficial remains controversial 

and requires further investigation.

One key source of the conflicting findings may be that many studies do not consider the 

moderating role of genetic risk factors for cognitive impairment, such as ApoE genotype. 

The effects of ApoE genotype on cognitive aging are documented (Riedel et al., 2016); 

however, interactions between alcohol consumption and the ApoE genotype on cognition 

have been examined far less, especially in middle-aged adults and across multiple types of 

cognitive measures. This relationship may be important because both ApoE and alcohol are 

related to cerebrovascular health and neurodegeneration (Jack et al., 2015; Riedel et al., 

2016). The ApoE gene is of great significance for the transportation of cholesterol and is 

abundantly concentrated in the liver and brain (Jack et al., 2015; Riedel et al., 2016). The ε4 

allele of ApoE is associated with increased risk of Alzheimer’s disease (Riedel et al., 2016). 

Alcohol consumption in ε4+ men has been found to be positively associated with low-

density lipoprotein cholesterol concentration (Corella et al., 2001). In addition, ε4 carriers 

may be more vulnerable to the toxic effects of alcohol consumption on the brain, thereby 

indirectly influencing cognition (Kim et al., 2012). Although ApoE genotype has been found 

to moderate the relationship between alcohol consumption and cognition in some studies 

(Anttila et al., 2004; Downer et al., 2014; Dufouil et al., 2000; Panza et al., 2012; Reas et al., 

2019), a large, systematic review concluded that evidence for ApoE moderation of the 

interaction between alcohol consumption and cognition was still unclear (Neafsey & Collins, 

2011).

Age may also be an important consideration in assessing ApoE moderation of the alcohol-

cognition interaction. In a retrospective study, Downer, Zanjani and Fardo (2014) examined 

the relationship between alcohol consumption, ApoE genotype, and cognition from midlife 

to late life (M ages 44 and 77; N = 610) using data from the Framingham Heart Study. They 

observed a moderating effect of ApoE genotype for the association of alcohol consumption 

with late life on a composite of learning and memory. When compared to abstention, 

moderate alcohol consumption (defined as 1-2 drinks/day) in late life was associated with 

higher composite scores among those who were ε4− (β = 0.03) and lower scores among 

those who were ε4+ (β = −0.04). In contrast, there were no significant effects of alcohol 

consumption on midlife learning and memory (Downer et al., 2014). In addition, a cross-

sectional study of 818 older adults (M age = 81.56, SD = 7.17), showed independent effects 

of moderate alcohol consumption (defined as up to 2 drinks/day) and ApoE genotype for 

three out of four cognitive domains (executive function, memory, and visuospatial), but 

found no interaction between ε4 status and alcohol consumption on cognitive performance 

(Herring & Paulson, 2018). In contrast to the null interaction effect observed by Herring and 

Paulson (2018), Reas et al. (2019) observed significant interactive effects of ApoE genotype 

on verbal episodic memory decline based on the total recall score on the Buschke Selective 

Reminding test (Buschke & Fuld, 1974). Their results indicated greater decline in memory 

for ε4+ who reported no alcohol consumption than among ε4+ participants who consumed 

alcohol.

These conflicting findings may be due to the method of cognitive assessment. Studies are 

limited by use of a single assessment of general cognitive function, usually the Mini Mental 
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State Examination (MMSE), or by use of only a single test within a cognitive domain 

(Carmelli, Swan, Reed, Schellenberg, & Christian, 1999; Dufouil et al., 2000; Elwood et al., 

1999; Lindeman, Wayne, Baumgartner, & Garry, 2005; Ngandu et al., 2007; Park, Park, Jun, 

Choi, & Suh, 2013). Neafsey and Collins (2011) found systematic differences in outcomes 

between studies that used standard neuropsychological tests and those that used assessment 

of mental status. Studies that used standard neuropsychological tests were more likely to 

find no significant associations between alcohol intake and cognitive function, whereas those 

that used mental status tests were more likely to find positive associations (Neafsey & 

Collins, 2011). However, it is important to note that the latter studies more often involved 

older study samples than the former. Generally, the MMSE is a less sensitive method for 

determining cognitive impairment with several weaknesses, including poor assessment of 

executive function and floor and/or ceiling effects due to its limited testing of cognition 

(Neafsey & Collins, 2011). In addition, more comprehensive measures may provide more 

robust and reliable assessments of cognition (Skinner et al., 2012).

Two other issues to consider are the abstainer bias and socioeconomic status bias. The 

abstainer bias occurs because many people who do not drink in late adulthood are previous 

alcohol consumers who have quit drinking for various reasons (e.g., health problems, 

medications, abuse) (Fillmore, Kerr, Stockwell, Chikritzhs, & Bostrom, 2006; Hassing, 

2018). Including a “non-drinking” group, without differentiating abstainers from former 

drinkers could result in lower cognitive scores for the “non-drinking group” that may be due 

in part to characteristics (i.e., health deficits) of the former drinkers (Hassing, 2018). 

Analyses of the relationship between alcohol consumption and cognition also may be 

confounded by socioeconomic factors, as alcohol consumption may be associated with 

socioeconomic status (SES) (Kim et al., 2012; Sabia et al., 2014). People with lower SES are 

more susceptible to being stigmatized as having the highest rates of alcohol use because they 

tend to experience greater burden of the negative effects of alcohol (Bloomfield, Grittner, 

Kramer, & Gmel, 2006; Collins, 2016). However, studies have shown that higher SES is 

related to higher rates of alcohol consumption and fewer negative alcohol-related outcomes, 

such as alcohol-related morality (for review see Collins, 2016). This may be due to several 

factors, such as being able to afford to consume alcohol and engage in alcohol-related social 

events, higher initial cognitive ability, better health earlier in life, and more resources for 

health care that mitigate problematic aspects of alcohol consumption (Collins, 2016).

The present study takes a unique look at relationships between alcohol consumption, ApoE 

genotype and cognition. We examined these associations in a large, well-characterized 

middle-aged male sample that makes use of data on a wide variety of cognitive abilities, 

allows separation of the former and never drinkers, uses multiple tests to assess several 

different cognitive domains instead of single tests within a domain, and tests whether ApoE 

genotype moderates associations between alcohol consumption and cognitive function. In 

addition, general cognitive ability was measured by the same method at two time points, age 

20 and age 56, so the current study is able to control for preexisting/early cognitive ability.

The study had two main goals. First, we predicted that light and moderate drinking groups 

would show significantly better cognitive function than the never, former, and heavy 

drinking groups, especially for general cognitive ability, processing speed, executive 
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function, and episodic memory (Downer et al., 2014; Herring & Paulson, 2018; Ngandu et 

al., 2007; Sabia et al., 2014). We also investigated whether this may be true for other less 

studied domains, such as abstract reasoning, verbal fluency, and visuospatial ability. Second, 

we hypothesized that presence of at least one ApoE ε4 allele would moderate the association 

between alcohol consumption and cognition. For cognitive abilities with a significant 

alcohol by ApoE interaction effect, we examined comparisons within the ApoE subgroups. 

We expected that negative associations of heavy drinking with cognitive function would be 

stronger among ε4 carriers than non-carriers.

Method

Participants

Participants consisted of 1291 individuals who participated in the baseline assessment of a 

longitudinal study of risk and protective factors of cognitive and brain aging: the Vietnam 

Era Twin Study of Aging (VETSA) (Kremen, Franz, & Lyons, 2013; Kremen et al., 2006). 

VETSA participants were randomly recruited from the twin pairs who participated in the 

Harvard Drug Study (HDS; Tsuang et al., 1996), which had recruited all available twins 

from the Vietnam Era Twin Registry (VETR). The VETR is a sample of community-

dwelling male twins who served in the United States military at some time during the 

Vietnam era between 1965–1975 (Goldberg, Curran, Vitek, Henderson, & Boyko, 2002). 

VETSA participants were not selected on the basis of substance use or any other diagnoses. 

To be eligible to participate in VETSA, both twins had to agree to participate and be 

between the ages of 51 and 59 (M = 55.89 years; SD = 2.44) at enrollment. Approximately 

80% of the sample did not experience combat exposure during their time in the military. 

Although the VETSA sample is predominantly White non-Hispanic (88%), they are a 

reasonably representative sample with regard to demographic and health characteristics for 

American men in this age range (Schoenborn & Heyman, 2009).

VETSA participants traveled to one of two testing sites for assessment, Boston University 

(BU) or the University of California, San Diego (UCSD), or in rare circumstances, staff 

traveled to participant’s place of residence. Written informed consent was obtained from all 

participants. The research protocol was approved by the UCSD Human Research Protection 

Program and the BU Charles River Campus Institutional Review Board.

Measures

Alcohol Consumption.—Alcohol consumption groups were operationalized based on 

recommendations for alcohol consumption for men (U.S. Department of Health and Human 

Services and U.S. Department of Agriculture, 2015), see Table 1. At the VETSA visit, 

participants were asked if they had consumed more than 20 drinks in their lifetime. Those 

who responded yes were asked how many days in the past 2 weeks they consumed beer, and 

how many beers they had on days in which they drank beer. These questions were repeated 

for wine and hard liquor. We summed across beverage types to yield the number of alcoholic 

beverages consumed in the past two weeks. We were able to separate former drinkers from 

those who never drank by using information on alcohol use collected previously in the HDS 

(Tsuang et al., 1996) when participants were 44 years old, on average. Participants were 
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categorized in the never drinking group (n=118; 9.14%) if they: reported during HDS that 

there was no period in which they consumed at least one drink a month for 6 or more 

months; reported consuming less than 20 drinks in their lifetime; and reported no alcohol 

consumption within the two weeks prior to the VETSA visit. Those who did not consume 

alcoholic beverages in the two weeks prior to VETSA testing, yet consumed more than 20 

drinks in their lifetime, were categorized in the former drinking group (n=324; 25.10%). 

Individuals who reported consuming 1-14 drinks in the past 2 weeks (up to 1 drink/day) 

were categorized in the light drinking group (n=531; 41.13%). Individuals who reported 

consuming 15-28 drinks in the past 2 weeks (more than 1 drink/day and up to 2 drinks/day) 

were categorized in the moderate drinking group (n=130; 10.07%). Individuals who reported 

consuming more than 28 drinks in the past 2 weeks (more than 2 drinks/day) were 

categorized in the heavy drinking group (n=188; 14.56%).

Apolipoprotein E (ApoE) Genotype.—ApoE genotype was determined as previously 

described (Lyons et al., 2013; Schultz et al., 2008). For the present study, participants with at 

least one ε4 allele present were classified as being ε4 positive (ε4+) and all other 

participants were classified as ε4 negative (ε4−). There were 1266 (98.06%) out of 1291 

participants with ApoE genotype data. Of the 1266, 380 (30%) were ε4+ and 886 (70%) 

were ε4−.

Cognitive Measures.—General Cognitive Ability (GCA) was assessed with the Armed 

Forces Qualification Test (AFQT). The AFQT is a 50-min paper-and-pencil test and has 100 

multiple-choice items (Uhlaner & Bolanovich, 1952). The same measure of GCA was 

administered at military induction at average age 20 (referred to as age 20 GCA) and 

VETSA at average age 56 (referred to as age 56 GCA). The AFQT is a valid and reliable 

measure of general cognition as it is correlated highly (r = 0.84) with Wechsler IQ and the 

AFQT scores of VETSA participants were highly correlated across 35 years (r = 0.74) 

(Lyons et al., 2009).

The VETSA neurocognitive battery included 13 tests that assessed 6 specific cognitive 

domains: processing speed, episodic memory, abstract reasoning, verbal fluency, 

visuospatial ability, and executive function. When multiple tests were used, individual test 

scores were standardized (z-scored) and averaged to create the domain scores; executive 

function, however, was based on a factor score (Gustavson et al., 2018). All scores were 

reverse coded where appropriate such that high scores represent better performance. These 

cognitive measures have been previously described in detail (Franz et al., 2011; Gustavson et 

al., 2018).

The processing speed domain was a composite of the number correctly completed on the 

word and color conditions of the Stroop (Golden & Freshwater, 2002; Stroop, 1935) and 

time to complete the number sequencing and letter sequencing conditions of the Delis-

Kaplan Executive Function System (D-KEFS) Trail Making Test (Delis, Kaplan, & Kramer, 

2001). Episodic memory domain comprised the short-delay recall, long-delay recall, and 

total of trials 1-5 of the California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & 

Ober, 2000), the immediate and delayed recall of the Logical Memory and Visual 

Reproductions subtests of the WMS-III (Wechsler, 1997). Abstract reasoning was measured 
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using the Matrix Reasoning subtest of the Wechsler Abbreviated Scale of Intelligence 

(WASI; Wechsler, 1999). Verbal fluency domain was measured by the total correct words 

generated on the phonemic (F, A, S) and semantic (animals, boy’s names) trials of the D-

KEFS (Delis et al., 2001). Visuospatial ability domain included Thurstone’s adaptation of 

the Gottschaldt Hidden Figures Test (Thurstone, 1944), and the Card (Mental) Rotation Test 

(Ekstrom, Dermen, & Harman, 1976).

Executive function domain was based on a factor score derived from a latent variable with 

seven indicators (Gustavson et al., 2018) that measured inhibition, set-switching, and 

working memory. Inhibition measures included the residualized Stroop color-word 

interference, adjusted for performance on word and color conditions (Golden & Freshwater, 

2002; Stroop, 1935) and the AX-Continuous Performance Test (AX-CPT; Servan-Schreiber, 

Cohen, & Steingard, 1996). Switching measures included the residualized time on the 

switching condition of the D-KEFS Trail Making, adjusted for time on number sequencing 

and letter sequencing conditions and the residualized D-KEFS category switching, adjusted 

for category fluency (Delis et al., 2001). Working memory measures included the Reading 

Span Test (Daneman & Carpenter, 1980) and the Digit Span and Letter-Number Sequencing 

subtests of the Wechsler Memory Scale (WMS-III; Wechsler, 1997).

Covariates.

Covariates included in the analyses were identified based on literature review and included 

age, race/ethnicity, education, age 20 GCA, current smoking status, objective and subjective 

health, depressive symptoms, income, and current work status. Race/ethnicity was 

categorized as non-Hispanic white or other. Education was defined as the number of years of 

education completed. Age 20 GCA was measured with the AFQT. Smoking was categorized 

as current smoker vs. non-smoker. Objective health counted the presence of 15 major 

chronic conditions from the Charlson Comorbidity index: diabetes, emphysema, asthma, 

cancer, osteoarthritis, rheumatoid arthritis, stroke, heart attack, heart failure, heart surgery, 

angina, hypertension, peripheral vascular disease, cirrhosis, and AIDS (Charlson, Pompei, 

Ales, & MacKenzie, 1987). Subjective health was self-reported using a scale from 1 

(excellent) to 5 (poor). Depressive symptoms were assessed with the Center for 

Epidemiologic Studies Depression Scale (CESD; Radloff, 1977). Personal income was 

assessed on a scale ranging from 1 (<$10,000 per year) to 13 (>= $120,000 per year) in 

increments of $10,000 and current work status was categorized as working full-time or not.

Statistical Analysis

Using SAS software, Version 9.4 (SAS Institute, Cary, NC), comparisons of categorical 

demographic variables across alcohol consumption groups were conducted using the Chi-

Square Test and mixed models (Proc Mixed) were used for continuous demographic 

variables. Drinking groups were treated as nominal variables. Although never, light, 

moderate, and heavy alcohol use could be treated a continuous distribution, the inclusion of 

former drinkers makes it difficult to classify these individuals who may be qualitatively 

dissimilar to the other groups. To examine the relationship between cognition, alcohol 

consumption, ApoE genotype, and the alcohol consumption by ApoE genotype interaction, 

generalized linear mixed models (Proc Mixed) were conducted. Separate models were run 
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for each cognitive domain with alcohol consumption (0 = never, 1 = former, 2 = light, 3 = 

moderate, and 4 = heavy) and ApoE status (0 = ε4−, 1 = ε4+) as main effects, as well as 

their interaction, and controlled for family (clustering of twins within pairs) as a random 

effect. Fully adjusted models also included all covariates: age, race/ethnicity, education, age 

20 GCA, current smoking, objective health, subjective health, depressive symptoms, income, 

and working full-time.

The final analytic sample for the fully adjusted model analyses ranged from 1,220 to 1,227 

due to missing data for some variables. Results are presented as estimates of Type III fixed 

effects. Results are reported as two-tailed and significance was set at p < 0.05. Specific 

predictions were made for four of the seven cognitive outcomes (general cognitive ability, 

processing speed, episodic memory, and executive function) and the remaining were 

exploratory. Uncorrected p-values for tests of the a priori hypotheses for the specific group 

comparisons for the main effects of alcohol consumption are provided, but results are 

interpreted in terms of Bonferroni adjusted alpha levels of .008 (.05/6). Similarly, 

uncorrected p-values for tests of the a priori hypotheses for the specific comparisons for the 

interactions are presented, but findings are interpreted in terms of Bonferroni adjusted alpha 

levels of .0025 (.05/20).

Results

Descriptive Statistics and Preliminary Analyses

Comparisons of demographic and lifestyle characteristics by alcohol consumption group are 

presented in Table 2. There were significant between group differences in age 20 GCA, 

number of years of education, annual income, and proportion of individuals working full-

time. The light drinking group had higher age 20 GCA than the former and heavy drinking 

groups. The former and heavy drinking groups completed fewer years of education than the 

light and never drinking group. The heavy drinking group had lower annual income than the 

light and moderate drinking groups, and the former drinking group had less annual income 

than all other groups. Those in the former drinking group were less likely to be working full-

time compared to all other groups.

There were also significant group differences in current smoking, subjective health rating, 

proportion of rating health as “excellent” or “very good”, self-reported depressive 

symptoms, and diabetes. Those in the heavy drinking group were significantly more likely to 

smoke tobacco than all other groups, while those in the never drinking group were 

significantly less likely to smoke compared with all other groups. The never and light 

drinking groups rated their health higher than the former drinking group, and the never 

drinking group also rated their health higher than the heavy drinking group. Furthermore, the 

never and light drinking groups were significantly more likely to rate their health as 

“excellent” or “very good” than the former, moderate, and heavy drinking groups. The 

former drinking group had significantly more depressive symptoms than the never, light, and 

heavy drinking group. The former drinking group was significantly more likely to report a 

diabetes diagnosis than the light drinking group. The proportion of ApoE ε4 carriers, 

objective health, the proportion of individuals with hypertension, and the proportion of 

individuals currently married did not differ by alcohol consumption group. In the simple 
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models with just alcohol consumption, ApoE genotype, and the alcohol consumption by 

ApoE genotype interaction controlling for family, there was a significant overall F at the 

Bonferroni-adjusted p value of p=.007 (.05/7) for three out of seven cognitive measures 

(GCA, processing speed, abstract reasoning). There also appears to be a trend for positive 

outcomes for those in the light and moderate drinking group for all cognitive measures, 

excluding visuospatial ability for the moderate consumption group. See Supplemental Table 

1 for the simple model results of the individual cognitive variables by alcohol consumption 

group.

Main Effects of Alcohol Consumption on Cognition

In fully adjusted models with alcohol consumption, ApoE genotype, and the alcohol 

consumption by ApoE genotype interaction controlling for family, age, ethnicity, education, 

age 20 GCA, current smoking status, objective health, subjective health, depressive 

symptoms, income, and working full-time there were no significant main effects of alcohol 

consumption on cognition. In examination of the predicted comparisons between light or 

moderate consumption with never, former, and heavy consumption, there were instances of 

significant differences for specific comparisons between groups for age 56 GCA and 

processing speed, but none survived Bonferroni corrections (Table 3). For instance, the light 

drinking group had significantly higher GCA than the heavy drinking group, [t(567) = 2.02, 

p = 0.044]. The light drinking group also had significantly faster processing speed than the 

never drinking group [t(565) = −2.06, p = 0.040] and the former drinking group [t(565) = 

−2.62, p = 0.009].

In follow-up hierarchical analyses we entered the covariates in stepwise fashion, first with 

demographics (race/ethnicity), second step with education and age 20 GCA, third step with 

health measures, and a final step with income and work status (final results shown in Table 

4). With the exception of processing speed, the main effect of alcohol consumption on 

cognition became non-significant at the second step when adjustments for education and 

GCA occurred. The main effect of alcohol consumption on processing speed became non-

significant at the final step with the adjustments for income and work status.

Main Effects of ApoE Genotype and Alcohol Consumption by ApoE Genotype Interactions 
on Cognition

The main effect of ApoE genotype on executive functioning (p = 0.045) was not significant 

after Bonferroni correction (Table 4). There were no significant main effects of ApoE 

genotype for any of the other cognitive measures. Alcohol consumption by ApoE genotype 

interactions were observed for age 56 GCA [F(4, 567) = 2.68, p = 0.031, eta-squared = 

0.004], and episodic memory [F(4, 568) = 2.85, p = 0.023, eta-squared = 0.010] (Table 4).

Age 56 GCA did not significantly differ among any of the ε4− subgroups but did 

significantly differ among the ε4+ subgroups (Figure 1). As predicted, the ε4+ heavy 

drinking subgroup (M = 0.17, SE = 0.06) had the lowest GCA, significantly lower than the 

ε4+ never drinking subgroup [M = 0.44, SE = 0.07; t(567) = 3.07, p = 0.002], which had the 

highest age 56 GCA and remained significant after Bonferroni corrections. The ε4+ heavy 

drinking subgroup also had lower GCA than the ε4+ former drinking subgroup [M = 0.35, 
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SE = 0.05; t(567) = 2.52, p = 0.012]; however, this was not significant with Bonferroni 

correction.

Comparable to the interaction pattern for GCA, episodic memory (Figure 2) did not 

significantly differ among any of the ε4− subgroups. Among the ε4+s, the heavy drinking 

subgroup (M = −0.13, SE = 0.09) had the lowest episodic memory and never drinking group 

had the highest episodic memory [M = 0.18, SE = 0.11; t(568) = 2.31, p = 0.021]. The ε4+ 

never drinking subgroup also had significantly higher episodic memory than the ε4+ light 

drinking subgroup [M = −0.11, SE = 0.06; t(568) = 2.51, p = 0.012]. However, these 

comparisons were no longer significant with Bonferroni corrections. There were no 

significant interactions for the other cognitive abilities.

Covariates

Type III effects for all measures are shown in Table 4. Age and age 20 GCA both 

contributed significantly to all cognitive measures at age 56. Education contributed 

significantly to all cognitive measures, except for GCA. Race/ethnicity was associated with 

all cognitive measures, except episodic memory and verbal fluency. Other covariates were 

less consistently associated with cognitive measures. Smoking, income, subjective health, 

and depression symptoms were variably related to cognition, but many associations would 

not survive multiple test correction. Additionally, objective health and working full-time 

were not significantly related to any cognitive measures.

Discussion

In this study of a national sample of middle-aged men, we observed no significant main 

effect of alcohol consumption on any of the cognitive measures when controlling for 

multiple testing. It may be that our ability to separate never drinkers from former drinkers 

and to adjust for early cognitive ability as well as many other covariates (i.e., SES, health) 

allowed us to differentiate between effects due to alcohol or by other factors (Collins, 2016). 

Although alcohol is a vascular risk factor (Dufouil et al., 2000), it may also be that the 

effects of alcohol are not yet apparent in this relatively young sample (mean age 56).

The ApoE ε4 allele is a recognized risk factor for dementia and cognitive performance, yet 

few studies have examined this risk in relation to alcohol consumption in midlife adults. We 

hypothesized that ApoE genotype would moderate the association between alcohol 

consumption and cognition. Significant alcohol consumption by ApoE polymorphism 

interactive effects were observed for both age 56 GCA and episodic memory. There were no 

differences in cognitive performance among the ε4− groups. However, the ε4+ nondrinking 

subgroup had better GCA and episodic memory than ε4+ heavy drinking subgroup. These 

results supported the prediction that those who were in the ε4+ heavy drinking subgroup 

would have the worst cognition, at least for GCA and episodic memory. Presence of the ε4 

allele may confer added vulnerability to the deleterious effects of heavy alcohol 

consumption.

Some previous studies have found an interaction between ApoE genotype and alcohol 

consumption on cognition in older samples (Anttila et al., 2004; Downer et al., 2014; 
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Dufouil et al., 2000). In one study with midlife adults, though, Downer, Zanjani, and Fardo 

(2014) observed no interaction between midlife alcohol consumption and ApoE genotype on 

learning and memory. However, that study had younger participants at baseline (35–59 

years), a small sample size (only six ε 4+ abstainers), no separation of former drinkers from 

the never drinkers, did not control for early cognitive ability, and included both males and 

females (Downer et al., 2014).

The ApoE genotype by alcohol consumption group interaction for age 56 GCA and episodic 

memory showed that the ε4+ never drinking subgroup had the best performance and the ε4+ 

heavy drinking subgroup the poorest. It appears that, in midlife men, being at high genetic 

risk (ε4+) may exacerbate the effects of heavy drinking on cognition. More controversially, 

the results suggest that the ApoE ε4 allele could in some way be beneficial for overall 

cognitive functioning and episodic memory for middle-aged men who are lifetime 

abstainers. Although the ApoE ε4 allele has been shown to have favorable outcomes in 

certain situations (Oria et al., 2010; Oria, Patrick, Blackman, Lima, & Guerrant, 2007; 

Riedel et al., 2016; Wright et al., 2003), it is clearly harmful in others (Eichner et al., 2002; 

Lamar et al., 2019; Riedel et al., 2016). This result was not predicted and requires further 

investigation considering that ApoE ε4 allele is a risk factor for Alzheimer’s disease; it will 

be necessary to replicate these findings in other samples. Additionally, longitudinal studies 

could potentially shed more light on these findings; for example, ε4+ nondrinkers may have 

more normal declines in cognition in aging but ε4+ drinkers may experience exacerbated 

decline.

A strength of our study is that we were able to separate never drinkers from former drinkers. 

Although this study observed no difference in cognitive function between the never and 

former drinkers, the former drinking group looked significantly worse compared to the other 

alcohol consumption groups in most of the health factors and demographic characteristics. A 

possible explanation for this phenomenon is that rather than prior consumption, current, 

continued alcohol consumption status may be key for understanding potential beneficial or 

debilitating effects on cognition. It has been hypothesized that the putative benefits of 

alcohol could be due to its cardiovascular effects. In this study, however, SES-related 

variables and prior cognitive ability were more strongly associated with consumption and 

cognitive performance than health-related variables.

There were some limitations in our study. Alcohol consumption was assessed using self-

report measures; therefore, participants may have under- or over-reported their consumption. 

In addition, it is possible that participants may have experienced an unusual consumption 

pattern in the two weeks before they were assessed, and this pattern may or may not reflect 

their regular consumption. However, there is a strong correlation (r = 0.76) between the 

baseline and follow-up alcohol consumption groupings, so we are confident in the reliability 

of the self-report measurement. The sample in the present study was all male and a majority 

(nearly 90%) were non-Hispanic white; although the VETSA population is representative of 

the male population in their age range in most respects, it is not representative of females or 

other races/ethnicities. Finally, we used illnesses from the Charlson Comorbidity Index to 

develop a measure of major chronic health problems in order to control for these in analyses. 
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These health problems do not contribute equally to disease burden; however, the influence of 

disease burden was not the primary goal of the study.

Our study provides further evidence for the importance of assessing genetic moderators for 

the interaction of possible lifestyle and health factors and cognitive outcomes early in the 

aging process. In addition, our study did not support previous literature proposing beneficial 

effects of light or moderate alcohol consumption. Further research is necessary to examine 

these effects longitudinally while continuing to control for important confounding variables, 

such as genetic and environmental risk factors related to both alcohol and cognition.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Interaction of Alcohol Consumption and ApoE Genotype on age 56 General Cognitive 
Ability.
All means and standard errors presented are from the full model analyses controlling for 

family, age, ethnicity, education, age 20 general cognitive ability (GCA), current smoking 

status, objective health, subjective health, depressive symptoms, income, and working full-

time. GCA is based on the Armed Forces Qualifications Test and percentiles were 

standardized based on military norms. Solid line is ε4+ and the dashed line is ε4−.
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Figure 2. Interaction of Alcohol Consumption and ApoE Genotype on age 56 Episodic Memory.
All means and standard errors presented are from the full model analyses controlling for 

family, age, ethnicity, education, age 20 general cognitive ability (GCA), current smoking 

status, objective health, subjective health, depressive symptoms, income, and working full-

time. Solid line is ε4+ and the dashed line is ε4−.
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