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Abstract 

 

This study sought to evaluate the interactive effects of gender, alcohol 

consumption, and APOE ε4 on cognitive performance (in 207 healthy, older (50-89) 

adults). The participants completed a battery of neuropsychological tests that included 

measures of global cognitive function, memory, processing speed, executive function, 

and language. After controlling for age, education, years smoking, hypertension status, 

and GDS, main effects for gender were found in all tested cognitive domains, except 

language, with females performing better than males. Moderate alcohol consumption 

showed a significant beneficial association with measures of memory. There was a trend 

observed for APOE ε4 non-carriers performing better than carriers in global cognitive 

function. Results also showed significant interactions between APOE genotype and 

alcohol consumption, as well as gender and alcohol consumption. Particularly, carriers 

perform better on measures of language when they consume less alcohol, whereas non-

carriers perform better with moderate alcohol consumption. Females performed better in 

measures of processing speed and language with very low alcohol consumption and 

males performed better with moderate alcohol consumption. Overall, these findings 

provide preliminary support for the importance of moderate alcohol consumption, gender, 

and APOE ε4 as factors that may influence observed differences in cognitive aging.  
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Introduction  

Successful aging, which is defined as the preservation of high cognitive and 

physical function has long been of interest to the scientific community (Depp, Vahia, & 

Jeste, 2010). The number of adults over the age of 65 is expected to increase to ~70 

million by the year 2030 (Daffner, 2009), which highlights the importance of 

understanding how to preserve cognitive function with aging. Cognitive decline is a 

normal part of the aging process and cognitive abilities such as memory, executive 

functions, and processing speed gradually decline as normal, healthy adults age (Harada, 

Natelson Love, & Triebel, 2013). However, there may be factors that accelerate cognitive 

decline in older adults.  Recent research has focused on analyzing the effects of different 

health, lifestyle, environmental, genetic, and biological factors on cognition in older 

adults. Understanding how these factors affect cognitive aging could potentially lead to 

new clinical treatments or interventions to improve cognitive ability in older adults.   

 

Cognitive Declines with Aging  

The cognitive decline that often occurs with aging can negatively impact 

common, everyday activities. There are some cognitive abilities, like vocabulary and 

autobiographical memory that do not diminish much with age (Hedden & Gabrieli, 

2004). However, other cognitive domains, such as memory, executive functions, and 

processing speed, tend to show some decline over time. Many adults notice changes in 

their memory as they age and studies have shown that this may be a cause of gradual 

reductions in the ability to encode and retrieve new information (Haaland, Price, & 

Larue, 2003). Working memory also tends to decline with age and this causes problems 
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with the ability to temporarily hold new information and process it (Blazer, Yaffe, & 

Liverman, 2015). Another category of cognition that often shows deficits with increasing 

age is executive functions, which include abilities such as reasoning, problem-solving, 

organizing, and planning (Harada et al., 2013). Processing speed also declines with age 

and when compared to younger adults, older adults tend to process and respond to tasks 

at a slower rate (Blazer et al., 2015). Language abilities usually stay preserved during 

aging, but some areas of language have been shown to decline, such as the ability to say a 

common word on demand or quickly produce words given a letter or category (Alexander 

et al., 2012).  

 

Gender Differences in Cognitive Aging 

 In addition to age, there are other individual differences, such as gender, that may 

impact cognitive function. Men tend to do better than women on spatial tasks, whereas 

women tend to perform better than men on verbal and memory tasks (Li & Singh, 2014). 

However, there has been some debate in the literature about gender differences in 

cognitive aging. Some studies showed that men have a greater age-related cognitive 

decline when compared to women (Barrett-Connor & Kritz-Silverstein, 1999; Pruessner, 

Collins, Pruessner, & Evans, 2001; Maylor et al., 2007; Meyer et al., 1999), while other 

studies found that women show greater age-related cognitive decline (Brayne, Gill, 

Paykel, Huppert, & O’Connor, 1995; Meinz & Salthouse, 1998). Another study found no 

gender differences in cognitive aging (de Frias, Nilsson, & Herlitz, 2006). Therefore, it is 

important to better understand the gender differences in aging, as it could provide 

relevant information when analyzing cognitive function in older adults.  
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Alcohol Consumption and Cognitive Function 

Among lifestyle factors, low to moderate alcohol consumption is thought to be 

associated with better cognitive performance in older adults, whereas heavy alcohol 

consumption shows an opposite association (Panza et al., 2009; Elias et al., 1999; Stott et 

al., 2008). There are a few proposed mechanisms in the literature by which alcohol may 

impact cognitive function. A study found that people with light to moderate alcohol 

consumption had a lower prevalence of white matter lesions and brain infarcts on MRI 

scans when compared to abstainers or heavy drinkers (den Heijer et al., 2004). Another 

study showed that low doses of ethanol improved performance on a working memory 

behavioral paradigm in rats and higher doses reduced performance (Stancampiano, 2004). 

As a follow up to investigate the mechanism by which ethanol may increase working 

memory, the researchers found that low doses of ethanol administered to rats increased 

acetylcholine release in the prefrontal cortex, whereas higher doses reduced acetylcholine 

release. Therefore, it is possible that ethanol modulates acetylcholine transmission and 

may be important in memory processes (Stancampiano et al., 2004). Light to moderate 

alcohol consumption is also associated with reduced risk of coronary heart disease, which 

is thought to be mediated by increased high density lipoprotein cholesterol (HDL-C) 

levels, and ischemic stroke (Rimm et al., 1996; Palomaki & Kaste, 1993; Weidner et al., 

1991).  

Another difference between individuals that may impact the relationship between 

alcohol consumption and cognitive function is gender. Men tend to show no significant 

relationship between low to moderate alcohol consumption and cognitive performance, 
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whereas women show a positive association between these two variables (Dufouil, 

Ducimetiere, & Alperovitch, 1997; Elias et al., 1999). In addition, there are differences in 

the effects of long-term alcoholism in men and women, particularly with regards to the 

vulnerability of alcohol toxicity. A study found that when given identical doses of ethanol 

per kilogram body weight, women were found to have higher doses of blood ethanol 

compared to their male counterparts and are more susceptible to the effects of prolonged 

alcoholism on cognitive performance (Mann et al., 1992). There are also sex differences 

in HDL-C levels among low alcohol consumers, where the association between alcohol 

consumption and increased HDL-C levels occurs for women at lower doses of alcohol 

than men (Weidner et al., 1991). These studies indicate that gender may be an important 

factor for observed differences in the relationship between alcohol consumption and 

cognitive function.  

 

Apolipoprotein E Genotype and Cognitive Function 

Apolipoprotein E (APOE) is a plasma protein that is combined with a lipid and is 

responsible for carrying fats and cholesterol through the bloodstream to be broken down. 

It therefore plays a central role in lipoprotein metabolism and is also localized with the 

senile plaques and neurofibrillary tangles of Alzheimer’s disease (Strittmatter et al., 

1993).  There are three different alleles of APOE; ε2, ε3, and ε4. The ε4 allele is an 

established risk factor in the development of dementia or cognitive impairment and may 

also increase an individual’s risk for developing Alzheimer’s disease (AD) (Dufouil et 

al., 2000). Not only is APOE ε4 a risk factor for developing AD, but it lowers the age of 

onset, with APOE ε4 homozygote carriers being diagnosed at a mean age of 68 years, 
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heterozygote carriers at a 76 years, and non-carriers at 84 years old (Riedel, Thompson, 

& Brinton, 2016). Carriers of the APOE ε4 allele have shown deficits in abilities 

involving episodic memory and executive functioning (Wisdom, Callahan, & Hawkins, 

2011; Wilson et al., 2002).  

The mechanism by which the APOE ε4 allele increases the risk of developing AD 

and cognitive decline is not fully understood, but researchers have found effects of APOE 

genotype on brain structure and neurobiology. Brickman and colleagues (2014) found 

that people with the APOE ε4 allele had increased white matter hyperintensities (WMH) 

in the parietal and occipital lobes, and these people were more likely to develop dementia 

(Brickman et al., 2014). Another study found an interaction of age and APOE ε4 carrier 

status on median amyloid PET, with people over 70 years of age showing a steeper 

increase in median	amyloid. This finding indicates that there may be a relationship 

between APOE ε4 carriers and the accumulation of amyloid beta (Aβ) plaques as people 

age (Jack et al., 2015). In addition, the three APOE (ε2, ε3, ε4) isoforms have differential 

effects on Aβ metabolism. The ε4 isoform might accelerate Aβ aggregation in AD 

(Kanekiyo, Xu, & Bu, 2014), which could be a possible reason why carriers of this allele 

are at an increased risk for developing AD.  

APOE ε4 risk for AD may also be dependent on gender. In a research study by 

Riedel et al., it was found that the risk for AD among APOE ε4 carriers is greater among 

women than men (Riedel, Thompson, & Brinton, 2016), whereas another study found 

that male APOE ε4 carriers had a large decline in short delayed recall memory tests, 

whereas women showed no such change (Swan et al., 2005). Therefore, it may be 

important to consider gender when examining the effects of APOE. 
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APOE ε4 Allele, Alcohol Consumption, and Cognitive Function 

Recent research has also investigated how genetic susceptibility for dementia may 

play an important role in mediating the relationship between various lifestyle factors and 

cognitive performance. Research suggests that the APOE ε4 allele may influence the 

association between alcohol/vascular risks and cognitive decline (Panza et al., 2009). In a 

study examining the influence of the APOE ε4 genotype on the risk of cognitive 

deterioration in moderate drinkers, drinking alcohol was associated with a decreased risk 

of cognitive deterioration in those who were not APOE ε4 carriers, whereas an opposite 

association was observed for carriers (Dufouil et al., 2000; Panza et al., 2009).   

 

Purpose of Current Study 

It has been established that low to moderate alcohol consumption may delay age-

related cognitive decline and that gender may influence the relationship between alcohol 

consumption and cognition. In addition, research suggests that the APOE ε4 allele may 

influence the association between alcohol and cognitive function. However, what it has 

not been thoroughly explored is the interactive effects of gender, moderate alcohol 

consumption, and APOE ε4 on cognitive performance.  

Our first hypothesis is that moderate alcohol consumption will be positively 

correlated with cognition, mainly on measures of memory, processing speed, and 

executive function, which are the domains that are most influenced by cognitive aging. In 

addition, those who are carriers of the APOE ε4 allele will perform worse than those who 

are not on measures of memory, processing speed, and executive functioning. Based on 
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previous studies that have found gender and APOE ε4 influence the relationship between 

alcohol consumption and cognitive performance, it is hypothesized that woman who are 

not APOE ε4 carriers will show a benefit from low to moderate alcohol consumption on 

cognition, whereas men who are APOE ε4 non-carriers will show no significant 

relationship. We also hypothesize that both women and men who are APOE ε4 carriers 

will show a negative association between alcohol consumption and cognitive 

performance. 

 

Methods 

Participants 

The participants were 207 healthy adults, aged 50-89, who were taken from a 

longitudinal study that examined the changes in brain structure and memory functions in 

aging adults. Three participants were excluded due to missing APOE data. Participants 

were medically screened to rule out any neurological or psychiatric disorders that could 

affect cognitive ability. All medical history and current medications were provided by the 

participants, as well as information about family history of dementia, sleep quality and 

habits (Buysse et al., 1989) and depressive symptoms, which were assessed by the 

Hamilton Depression Rating Scale (HAM-D; Hamilton, 1960). To rule out possible 

dementia or depression participants were administered the MMSE and were declared 

ineligible if they received a score < 26 or a HAM-D score ≥ 10.  The data used for the 

current study was obtained from the baseline visit, neuropsychological testing, and 

medical screening that each participant completed. The mean and standard deviations of 
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the demographic and health status data for the sample are listed in Table 1, as well as the 

p values for the differences between men and women.  

 

Alcohol Consumption 

 Alcohol consumption was assessed using a questionnaire that asked participants 

to indicate the number of drinks, on average, that they have per week. The choices were: 

0 drinks per week, less than 1 drink per week, 1-2 drinks per week, 3-5 drinks per week, 

5-10 drinks per week, and more than 10 drinks per week. For analysis purposes alcohol 

consumption was split into two groups: Less than 1 drink per week and more than 1 drink 

per week. Those who drank less than 1 drink per week were classified as non-drinkers 

and those who drank more than 1 drink per week were classified as moderate drinkers.  

 

APOE Genotyping 

APOE alleles were collected using blood samples from participants. The genomic 

DNA was amplified by polymerase chain reactions (PCR) using APOE primers and the 

enzyme HhaI. After DNA amplification, it was digested by the HhaI enzyme and isolated 

on a polyacrylamide gel. Allele detection was completed using autoradiograph 

techniques, as described in Alexander et al., 2012. Carriers were classified if they 

expressed at least one ε4 allele.  

 

Neuropsychological testing 

 Cognitive function was assessed using a set of neuropsychological tests. For this 

study we focused on the areas of global cognitive function, memory, executive functions, 
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processing speed, and language, which are the domains most affected by aging. Global 

cognitive function was assessed using the total score from the Dementia Rating Scale-2 

(DRS-2) (Jurica, Leitten & Mattis, 2001). This test is a measure of overall cognitive 

ability with five subscale scores in attention, initiation/perseveration, construction, 

conceptualization, and memory.   

Memory was tested using the Buschke Selective Reminding Test (SRT), with 

particular interest in sum recall, long-term recall (LTR), consistent long-term recall 

(CLTR), and total recall after a thirty minute delay (Buschke, 1973). These tests assess 

verbal memory and participants are read a list of 12 words to measure immediate recall. 

On the subsequent 12 trials participants are only told the words they omitted, but they 

must still try to remember the entire word list. Due to the multiple trial learning 

procedure and the selective reminders, this test measures retention, storage, and retrieval. 

It is also sensitive to people with both severe brain damage and mild cognitive 

impairment (Lezak et al., 2004).  

 Processing speed was assessed by the Trail Making Test Part A (TMT-A)(Reitan 

& Wolfson, 1985) and the WAIS-IV Coding (CD) subtest (Wechsler, Coalson & Raiford 

2008). In the former participants are asked to draw lines connecting consecutive numbers, 

while not lifting their pencil as fast as they can and the latter asks participants to fill in a 

blank numbered box with a corresponding symbol from a key as fast as they can. We 

used these as a measure of processing speed because they are timed tasks that do not rely 

as much on memory or other cognitive abilities.  

Executive function was measured by the Trail Making Test Part B (TMT B) 

(Reitan & Wolfson, 1985), the Stroop Interference Test (Golden, 1978), and the Wecshler 



  
 

	11	

Adult Intelligence Scale- Fourth Edition (WAIS-IV) Digit Span (DS) subtest (Wechsler, 

Coalson & Raiford 2008).  TMT B asks participants to do a similar task as was 

performed in TMT A, but with consecutive letters and number, where they must alternate 

between the two. The Stroop Interference test requires participants to name the color of 

ink of a written color name, which does not match the color of the ink. The WAIS-IV 

Digit Span test measures working memory, which is a monitoring, sub-process of 

executive function. It has three parts where participants are asked to repeat digits 

forward, backward, and in ascending order.   

Language was examined by the Boston Naming Test (Kaplan, Goodglass, & 

Weintraub, 2001) and Category Fluency (Benton & Hamsher, 1976). In the Boston 

Naming Test, participants are shown images of objects and ask to name them. For 

Category Fluency, participants are given a category and must name as many objects they 

can in that category.  

 

Statistical Analyses 

Independent samples t-tests were used to test for differences between men and 

women in demographic and health status variables (Table 1). Gender differences in 

APOE ε4 carrier status, alcohol consumption, and hypertension were compared using 

chi-square tests. Significance for all tests were taken at p < 0.05, using a two-tailed test. 

Analysis of covariance (ANCOVA) was performed with gender, APOE ε4 carrier status, 

and alcohol consumption as independent grouping variables.  Age, years of education, 

years smoking, hypertension status, and GDS were included as covariates because these 

characteristics can be associated with differences in cognitive performance and may 
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affect the grouping variables. Main effects, two-way interactions, and three-way 

interactions were tested for the twelve neuropsychological measures across the five 

cognitive domains of interest. Significant interaction results were followed with pairwise 

simple effect analyses. Follow-up analyses were performed, excluding eight participants 

in the more than 10 drinks per week group. All analyses were computed using the 

Statistical Package for the Social Sciences (SPSS; Windows version 18, Chicago, IL, 

USA). 

Table 1. Characteristics of Study Participants 

Variables 
All 

M (SD) 

Male 

M (SD) 

Female 

M (SD) 

P-value for male vs 
female 

N 207 104 103  

Age, yrs. 69.8.0 (10.4) 70.1 (10.4) 69.6 (10.5) 0.753 

Education, yrs. 16.0 (2.95) 16.3 (2.6) 15.6 (2.5)    0.040 * 

MMSE  29.0 (1.2) 28.8 (1.4) 29.1 (1.0) 0.100 

GDS 1.0 (1.7) 1.1 (1.7) 0.9 (1.6) 0.388 

Years smoking 8.6 (14.2) 10.2 (15.9) 6.9 (12.1) 0.098 

APOE ε4 Carrier (Y/N) 65/142 29/75 36/67 0.273 

HTN (Y/N) 69/138 40/64 29/74 0.116 

Alcohol Consumption (<1 
drink/wk / >1 drink/wk) 

92 / 115 33 / 71 59 / 44     0.0002 * 

 
Table 1. Abbreviations: N= total number; yrs= years; MMSE= Mini Mental State 
Examination; GDS= Geriatric Depression Scale; (Y/N)= (yes/no); HTN= hypertension; 
<1 drink/wk = Less than 1 drink per week; >1 drink/wk = More than 1 drink per week 
*p< 0.05 
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Results 

 

Demographic and Health Status Characteristics:  

The group demographic and health status characteristics for the whole sample, as 

well as for males and females, are shown in Table 1. There were significant effects of 

gender on years of education [t (197) = -2.192, p = 0.04) and alcohol consumption [χ2 (1) 

 = 11.351, p= 0.0002]. There were no significant effects for gender on age [t (197) = -

0.152, p = 0.753], MMSE score [t (197) = 1.287, p = 0.100], GDS score [t (196) = -1.214, 

p = 0.388], years smoking [t (195) = -1.497, p = 0.098], APOE ε4 carrier status [χ2 (1) = 

0.973, p = 0.273], and hypertension status [χ2 (1) = 1.704, p = 0.116].  

 

Main Effects of Gender, APOE Genotype, and Alcohol Consumption:  

After controlling for age, education, years smoking, hypertension status and GDS 

significant main effects for gender were observed with the females performing better in 

DRS-2 [F(1,191) = 16.89, p = 5.9 x 10-5], BSRT Sum Recall [F(1,190) = 47.01. p = 9.64 

x 10-11, Figure 1], BSRT CLTR [F(1,190) = 30.72,  p = 9.86 x 10-8], BSRT LTR 

[F(1,190) = 46.65, p = 1.12 x 10-10 ], BSRT 30 minute delay [F(1,190) = 25.36,  p = 1.0 x 

10-6], TMT A [F(1,191) = 6.35, p = 0.013], WAIS-IV CD [F(1,190) = 8.42,  p = 0.004], 

and Stroop Interference [F(1,190) = 6.37,  p = 0.012]. These effects are shown in Table 3.   

For APOE ε4 carrier status, there was a trend towards APOE ε4 non-carriers 

performing better than carriers on global cognitive function [F(1,191) = 3.70,  p = 0.056, 

Figure 2].  
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Alcohol consumption showed significant main effects for the cognitive domain of 

memory. Specifically, greater alcohol consumption was associated with better 

performance for BSRT Sum Recall [F (1,190) = 7.66, p = 0.006], BSRT CLTR [F (1,190) 

= 10.77, p = 0.001, Figure 3], BSRT LTR [F(1,190) = 8.23, p = 0.005], and BSRT 30 

minute delay [F(1,190) = 7.89, p =  0.005] (Table 3). Follow-up analyses were 

performed, excluding eight participants who indicated that they consumed more than 10 

drinks per week. The results held and greater alcohol consumption was associated with 

better performance on BSRT Sum Recall [F (1,182) = 7.99, p = 0.005], BSRT CLTR 

[F(1,182) = 10.26, p = 0.002], BSRT LTR [F(1,182) = 8.37, p = 0.004],  and BSRT 30 

minute delay [F(1,182) = 8.05, p = 0.005].  

 

Two-way Interactions between APOE ε4 Carrier Status and Alcohol Consumption  

A significant interaction between APOE ε4 carrier status and alcohol 

consumption for the BNT task was observed [F (1,191) = 8.61, p= 0.004, Figure 3]. In 

particular, non-carriers performed better as moderate drinkers [F (1,133) = 6.30, p = 

0.013]. For carriers, there was a trend where non-drinkers performed better on the BNT 

test [F(1,57) = 3.21, p = 0.079]. Within the non-drinkers, carriers of the APOE ε4 allele 

did significantly better on the BNT test [F (1,84) = 4.58, p = 0.035]. In contrast, for 

moderate drinkers performance was better among non-carriers [F (1,106) = 4.26, p= 

0.041]. This finding remained significant during follow-up analyses excluding the eight 

heavy drinkers in the more than 10 drinks per week group with an interaction between 

APOE ε4 and alcohol consumption on the BNT task [F (1,183) = 8.59, p = 0.004]. Non-

carriers performed as moderate drinkers [F (1,128) = 6.97, p = 0.009], non-drinker 
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carriers performed better [F (1,84) = 4.58, p = 0.035], and moderate drinkers who were 

non-carriers performed better [F(1,98) = 5.14, p = 0.026].  

Two-way Interactions between APOE ε4 Carrier Status and Gender  

There were no significant interactions found between APOE ε4 carrier status and 

gender on cognitive performance (p > 0.095). The same was found in the additional 

analyses excluding the heavy drinkers (p > 0.091).  

 

Two-way Interactions between Gender and Alcohol Consumption 

A significant two-way interaction between gender and alcohol consumption was 

observed for TMT A [F (1,191) = 4.6, p =0.032, Figure 4] and Category Fluency [F 

(1,191) = 4.10, p = 0.044, Figure 5]. The follow-up analyses of simple effects yielded 

significant pairwise differences between groups. Particularly, females performed 

significantly better on TMT A than males as non-drinkers [F (1,84)= 15.76, p= 0.00015].  

There was no significant difference between male and female performance on TMT A in 

the moderate drinkers [F (1,106)= 0.129, p= 0.72].  Females in general performed 

numerically better on TMT A when they were non-drinkers, however this finding was not 

statistically significant [F (1,95) = 2.31, p= 0.132).  In contrast, males appear to perform 

numerically better when they are moderate drinkers, but this finding was not statistically 

significant [F (1,95) = 2.82, p= 0.096].  Females also performed significantly better than 

males on the Category Fluency test in the non-drinking group [F (1,191) = 4.1, p= 0.007].  

For moderate drinkers, there was no significant difference between males and females on 

Category Fluency performance [F (1,106) = 0.001, p= 0.974]. Among females, there was 
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no statistically significant difference in performance on Category between the two 

alcohol consumption groups [F (1,95) = 0.306, p= 0.581). However, in males there was a 

significant difference in performance on Category Fluency, where moderate drinkers 

performed better [F (1,95) = 6.51, p= 0.012]. The results for a significant two-way 

interaction between gender and alcohol consumption on TMT A held after the follow-up 

analyses excluding the people who drank more than 10 drinks per week [F (1,183) = 8.16, 

p = 0.005], however there was only a trend for a two-way interaction of gender and 

alcohol consumption on Category [F (1,183) = 3.27, p = 0.072]. The follow-up simple 

effect analyses also showed a significant gender difference in cognitive performance on 

TMT A among non-drinkers, with females performing better than males [F (1,84) = 

15.76, p = 0.00015] 

 

Three-way interactions between Gender, APOE ε4 Carrier Status and Alcohol 

Consumption  

There were no significant three-way interactions found between gender, alcohol 

consumption, and APOE ε4 carrier status (p > 0.121). 
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Table 2. Cognitive Performance by Gender, APOE Status, and Alcohol Consumption  

 

 

Table 2. Results are reported as means (M) and standard deviations (SD). DRS= Dementia Rating Scale; 
BSRT= Buschke Selective Reminding Tests; CLTR= Consistent Long-term Retrieval; LTR= Long-term 
Retrieval; TMT A= Trail Making Test A; Stroop WC= Stroop Word Color test; WAIS-IV CD= Wechsler Adult 
Intelligence Scale Five Coding test; TMT B= Trail Making Test B; WAIS-IV DS= Wechsler Adult Intelligence 
Scale Five Digit Span test; BNT= Boston Naming Test.  
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Table 3. Effects of Moderate Alcohol Consumption, Gender, and APOE ε4 on Cognitive 

Performance 

 

Table 3. (A) Three-way ANCOVA main effect for cognitive performance measurements between males and females. (B) Three-
way ANCOVA main effect for cognitive performance measurements between APOE carrier and non-carrier groups. (C) Three-
way ANCOVA main effect for cognitive performance measurements between three alcohol consumption groups. (D) Interactive 
effects of APOE carrier status and alcohol consumption. (E) Interactive effects of gender and alcohol consumption. (F) Interactive 
effects of gender and APOE carrier status. (G) Interactive effects of gender, alcohol consumption, and APOE carrier status. (*) 
indicates significance after controlling for aged, education, years smoking, hypertension status, and GDS. (†) indicates a trend 
towards significance. Abbreviations: Alc= Alcohol; DRS-2= Dementia Rating Scale 2; BSRT= Buschke Selective Reminding Test; 
CLTR= Consistent Long-Term Retrieval; LTR= Long-Term Retrieval; TMT A= Trail Making Test A; WAIS-IV CD= Wechsler 
Adult Intelligence Scale Coding subtest; TMT B= Trail Making Test Part B; Stroop WC= Stroop Word Color Interference; WAIS-
IV DS- Wechsler Adult Intelligence Scale Digit Span subtest; BNT= Boston Naming Test 
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Figure 1. Main Effect of Gender on Memory Performance 

 

 

 

 

 

 

 

Figure 1.Three-way ANCOVA main effect of gender on performance on the BSRT Sum  
Recall after controlling for age, education, years smoking, hypertension status, and GDS 
(p= 9.6 X 10-11).* Indicates significance p< 0.05.	

Figure 2. Main Effect of APOE ε4 Carrier Status on Global Cognitive Function 

 

 

 

 

 

 

 

Figure 2.Three-way ANCOVA trend for main effect of APOE status on performance on 
the DRS-2 after controlling for age, education, years smoking, hypertension status, and 
GDS (p= 0.056). †	Indicates trend towards significance.	

* 

 †	
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Figure 3. Main Effect of Alcohol Consumption on Memory Performance	

 

Figure 3.Three-way ANCOVA main effect of alcohol consumption on performance on 
the BSRT Consistent Long-Term Retrieval (CLTR) after controlling for age, education, 
years smoking, hypertension status, and GDS (p=0.001).* Indicates significance p< 0.05. 

Figure 4. Interactive Effects of APOE ε4 and Alcohol Consumption on Language 

 

Figure 4.	Interactive effects of APOE ε4 carrier status and alcohol consumption on performance 
on the BNT Total (p=0.004) after controlling for age, education, years smoking, hypertension 
status, and GDS. Simple effect between groups within non-carriers *p<0.05. Simple effects 
between alcohol consumption groups **p<0.05.  	
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Figure 5. Interactive Effects of Gender and Alcohol Consumption on Language and 

Processing Speed 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Interactive effects of gender and alcohol consumption on performance on Category 
(p=0.044) and TMT-A (p=0.032) after controlling for age, education, years smoking, 
hypertension status, and GDS. Simple effect between groups within males for Category 
*p<0.05. Simple effects between alcohol consumption groups ** p<0.05.   

	

** 
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Discussion 

In this sample of neurologically healthy older adults, we found significant main 

effects and interactive effects of gender, alcohol consumption, and APOE genotype on 

cognitive performance. We observed significant gender differences in all of the tested 

cognitive domains, except for language, where women performed better than men. This 

aligns with the literature, which generally states that men show greater age-related 

cognitive decline than women (Barrett-Connor & Kritz-Silverstein, 1999; Pruessner, 

Collins, Pruessner, & Evans, 2001; Maylor et al., 2007; Meyer et al., 1999). The reason 

for females performing better than males on cognitive tasks will need to be investigated 

in future studies, with a focus on how gender differences, such as hormone changes or 

social interactions, might impact cognitive function. 

There was also a trend observed where APOE ε4 non-carriers performed better 

than carriers on a measure of global cognitive function, which suggests that APOE 

genotype may impact aspects of cognitive function. This is similar to the literature that 

finds carriers to have a higher susceptibility of developing cognitive impairment or 

dementia than non-carriers, which could be due to the effects of APOE ε4 on brain 

structure and neurobiology (Dufouil et al., 2000; Brickman et al., 2014; Jack et al., 2015).  

We also found main effects of alcohol consumption on memory performance, 

where higher alcohol consumption was associated with increased performance on the 

BSRT memory tests. However, for our sample we did not have very many heavy 

drinkers, with only eight participants that consumed more than 10 drinks per week. 

Therefore, it can be concluded that moderate alcohol consumption is related to better 

memory performance, which is consistent with a study that found older adults who drink 
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1-6 drinks per week have a lower risk of developing dementia (Mukamal et al., 2003). 

According to the literature, the ingredient resveratrol in red wine may improve memory 

and decrease the risk for developing AD, through neuroprotection against Aβ-related 

oxidative stress (Savaskan et al., 2003). Another study tested whether supplementing 

participants with resveratrol would improve memory performance. They found, that over 

26 weeks, the supplement of resveratrol did improve memory performance in association 

with improved glucose metabolism and increased hippocampal functional connectivity in 

older adults (Witte et al., 2014). Although for this study we did not collect the specific 

types of alcohol participants were drinking, it may be of interest in future studies to ask 

this question, in order to determine if it is specific types of alcohol, such as red wine, or 

alcohol in general that improves memory abilities.  

The present study also identified significant interactions between APOE ε4 carrier 

status and alcohol consumption. It was found that non-carriers performed better on a 

measure of language when they were moderate drinkers, whereas carriers performed 

better as non-drinkers. This finding suggests that moderate alcohol consumption may be 

beneficial for language performance, but only when looking at non-carriers. The fact that 

we did not see an interaction of APOE and alcohol consumption on memory, but we 

found strong alcohol main effects on memory, may indicate that the relationship is the 

same for non-carriers and carriers.  

Another interaction was found between gender and alcohol consumption. 

Specifically, females performed better as non-drinkers and males performed as moderate 

drinkers on measures of language and processing speed. This finding suggests that 

women may be more negatively impacted by moderate alcohol consumption, whereas 
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males may benefit, which could be due to various differences between how the body 

reacts to alcohol or that women may be more vulnerable to alcohol toxicity (Mann et al., 

1992). Future research should focus on mechanisms of how alcohol may impact males 

and females differently, and how this may affect cognitive function.  

There are a few limitations of the study. First, the sample consisted of a mainly 

Caucasian population, so the findings may not extend to other groups. The interactive 

effects of gender, alcohol consumption, and APOE genotype on cognitive performance 

should be further evaluated in more ethnically diverse samples, as the distribution of 

these factors may vary across different ethnic groups. In addition, the sample of 

participants were healthy and were not included if they had any major neurological or 

psychiatric disorders. Therefore, it may be important to study the relationship between 

these factors in populations with clinical disorders in order to evaluate if the results can 

be applied to a more diverse population.  

Alcohol consumption was assessed using self-report methods, which may not be 

completely accurate. People may over or underestimate the amount of alcohol they 

consume each week and there is a possibility that people falsely report drinking habits, in 

order to fit what is deemed socially acceptable. The range of alcohol consumption that 

participants had to choose from was rather broad, with the highest category being more 

than 10 drinks per week. Since there was no end point in this group, it is hard to tell if the 

people who selected more than 10 drinks per week were drinking closer to 10 or much 

more. Another issue was that we did not ask participants the type of alcohol they were 

drinking. For future studies it would be important to have a more defined range of alcohol 

consumption and to collect data about the types of alcohol people are drinking, both of 
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which would help further explain how alcohol consumption may impact memory.  The 

sample used for the current study did not consist of very many heavy drinkers, with only 

eight participants in the more than 10 drinks per week group. Hence, even though we 

found that higher alcohol consumption was related to increased performance on memory 

tasks, it does not necessarily mean that heavy drinking will improve memory. Rather, 

from our sample it indicates that moderate drinking, roughly 1-10 drinks per week, may 

improve memory.  

Although we found that moderate alcohol consumption was related to better 

performance on memory tasks in our sample of healthy, older adults, more research 

would need to be conducted before any type of recommendations about alcohol 

consumption were made. It would be important to see if there is any difference in 

cognitive performance between people who spread out their alcohol consumption 

throughout the week and those who drink all of their alcohol on one day of the week, as 

well as how long they have been drinking this way. Binge drinking in midlife has been 

shown to increase the risk for developing dementia later in life (Järvenpää et al, 2005). 

Therefore, it would be important to compare the cognitive performance of people who are 

categorized in the moderate alcohol consumption group of 1-10 drinks per week, but who 

binge drink, with those who do not binge drink. Furthermore, if we could collect 

information about how long these people have had their current drinking habits it could 

provide even more information about how moderate alcohol consumption may impact 

memory performance as people advance in age.  

Overall, these findings suggest that moderate alcohol consumption, gender, and 

APOE ε4 may be important factors contributing to the observed differences in cognitive 
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performance among healthy older adults. We observed that moderate alcohol 

consumption improves cognitive performance on measures of memory and that the 

relationship between alcohol consumption and cognitive performance in older adults is 

modified by both gender and APOE genotype, affecting different domains of cognitive 

function. Future research is needed to further evaluate the direct impact that moderate 

alcohol consumption has on cognition and how the relationship changes with gender and 

APOE genotype.  
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