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Abstract

Background—The acute consumption of excessive quantities of alcohol causes well-recognized 

neurophysiological and cognitive alterations. As people reach advanced age, they are more prone 

to cognitive decline. To date, the interaction of current heavy alcohol (ETOH) consumption and 

aging remain unclear. The current paper tested the hypothesis that negative consequences of 

current heavy alcohol consumption on neurocognitive function are worse with advanced age. 

Further, we evaluated the relations between lifetime history of alcohol dependence and 

neurocognitive function

Methods—Sixty-six participants underwent a comprehensive neurocognitive battery. Current 

heavy ETOH drinkers were classified using NIAAA criteria (ETOH Heavy, n = 21) based on the 

Timeline follow-back and a structured clinical interview and compared to non-drinkers, and 

moderate drinkers (ETOH Low, n = 45). Fifty-three-point-three percent of the total population had 

a lifetime history of alcohol dependence. Neurocognitive data were grouped and analyzed relative 

to global and domain scores assessing: global cognitive function, attention/executive function, 

learning, memory, motor function, verbal function, and speed of processing.

Results—Heavy current ETOH consumption in older adults was associated with poorer global 

cognitive function, learning, memory, and motor function (p’s<.05). Furthermore, lifetime history 

of alcohol dependence was associated with poorer function in the same neurocognitive domains, in 

addition to the attention/executive domain, irrespective of age (p’s<.05).
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Conclusions—These data suggest that while heavy current alcohol consumption is associated 

with significant impairment in a number of neurocognitive domains, history of alcohol 

dependence, even in the absence of heavy current alcohol use, is associated with lasting negative 

consequences for neurocognitive function.
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INTRODUCTION

The acute consumption of excessive quantities of alcohol causes well-recognized 

neurophysiological and cognitive alterations, including loss of consciousness, coma, or even 

death. Heavy alcohol consumption adversely affects the brain both directly and indirectly. 

Direct brain effects of alcohol include depression of central nervous system activity, 

alterations in cerebrovascular function, and neurotoxicity (Alexander et al., 2004, Haorah et 

al., 2005, Shih et al., 2001, Vinod and Hungund, 2005, Webb et al., 1997, Wilhelm et al., 

2015). Indirect effects include neurotoxicity tied to hepatic, renal, and gastrointestinal 

dysfunction, as well as sleep disturbance, anoxia, head injury, and other disturbances that 

may occur with chronic alcohol intoxication (O’Dell et al., 2012, Marksteiner et al., 2002, 

Schuckit, 2009, Solomon et al., 1992, Spirduso et al., 1989, Wilde et al., 2004).

Despite a growing literature concerning the effects of acute and chronic heavy alcohol 

consumption, the neurocognitive manifestations of heavy alcohol consumption remain 

unresolved. Findings from past studies conducted to address this question have not been 

ubiquitous. While the neurocognitive effects of alcohol consumption appear to depend on 

the amount of alcohol consumed, the duration of use, and various other clinical factors, 

including age and comorbid neurological conditions, not all studies agree (Carey et al., 

2004a, Carey et al., 2004b, Draper et al., 2011, Friend et al., 2005, Green et al., 2010, 

Houston et al., 2014, Marksteiner et al., 2002, Molina et al., 1994, O’Dell et al., 2012, 

Solomon et al., 1992, Squeglia et al., 2009, 2014, Sullivan et al., 2002, 2010).

For example, in the MATCH study of drinkers undergoing alcohol treatment for alcohol 

abuse-dependence, Friend, Malloy, and Sindelar found that while years of alcohol 

consumption was inversely associated with neuropsychological test scores, it did not account 

for much of the variance in these test scores (Friend et al., 2005). Yet, a recent study found 

in older adults that age of onset of alcohol dependence was not associated with greater 

cognitive deficits (Kist et al., 2014). However, this study also found that older adults had 

significantly poorer cognitive abilities when compared to non-alcohol dependent controls. A 

recent study found age effects in 51 adults with alcohol dependence diagnoses who were 

abstinent from alcohol for one month (Durazzo et al., 2013). Mild deficits of learning, 

memory, cognitive efficiency, executive functions, processing speed, and fine motor skills 

were associated with alcohol dependence, though these deficits were greatest among people 

who also smoked cigarettes. In addition, another study found deficits in executive function in 

560 heavy drinking men and women (Houston et al 2014). In an earlier study Drake et al 

found that alcohol dependent adults who abstained from alcohol after a 28 day treatment 

Woods et al. Page 2

Alcohol Clin Exp Res. Author manuscript; available in PMC 2017 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



program showed recovery of cognitive functions (Drake et al., 1995). Another study found 

that moderate alcohol consumption was not associated with either the occurrence or 

exacerbation of dementia (Panza et al., 2009), and there have been reports that drinking one 

glass of wine a day may actually be associated with reduced rates of Alzheimer’s Disease 

(Solfrizzi et al., 2007). Yet, a recent study of brain morphometry and cognition reported that 

late life consumption of alcohol is associated with episodic memory difficulties and also 

reduced hippocampal volume in the Framingham cohort (Downer et al., 2014). These 

contrasting results demonstrate the need for further study of the influence of advanced age 

on possible heavy alcohol consumption effects on neurocognitive function. Further still, 

even less is known about the impact of advanced age on possible alcohol related 

neurocognitive deficits.

In the current study, we sought to understand the relationship between age, heavy alcohol 

consumption, and neurocognitive function. As people reach advanced age and are more 

prone to cognitive decline (Woods et al., 2012, Woods et al., 2013), the adverse effects of 

heavy alcohol use may be exacerbated (Riege et al., 1981). In fact, dementia secondary to 

alcoholism is commonly diagnosed in elderly adults whose cognitive and functional decline 

is inconsistent with progressive neurodegenerative disorders like Alzheimer’s disease (AD), 

and whose clinical history indicates chronic heavy alcohol consumption (Tyas, 2001, Meyer 

et al., 1998). As people reach more advanced age they experience systemic physiological 

and neural alterations that may increase vulnerability to the effects of alcohol (Tyas, 2001, 

Meyer et al., 1998, Snow et al., 2009, Goldberg et al., 1994). Yet, relatively few studies have 

directly compared the neurocognitive performance of heavy drinkers with that of people who 

consume moderate quantities of alcohol or who are non-drinkers as a function of age. To 

address this question, the present study was conducted to examine the association of heavy 

alcohol consumption with neurocognitive function at different ages. We hypothesized that 

heavy alcohol consumption would be associated with significant cognitive impairments and 

that the adverse effects of heavy alcohol consumption would be greatest among older adults.

MATERIALS AND METHODS

Participants

Sixty-six participants in a NIAAA sponsored study of the effects of heavy alcohol use and 

aging on neurocognitive and brain functioning were assessed. The mean age of the sample 

was 38.5 ± 11.7 years (range = 21–69 years). Mean educational attainment was 13.7 ± 2.75 

years. The racial composition of the overall sample was 30.3% African-American and 

69.7% Caucasian. Thirty-five (53%) participants were women. The sample consisted of 

adults recruited from the Brown University Center for Aids Research (CFAR), who were at 

risk for HIV or HCV infection based on their association with HIV-infected friends or 

family, prior injection drug use, or sexual risk, but who were not infected with either HIV or 

HCV. Participants were recruited over 30 months using clinician referral, word of mouth, 

and flyers. All participants underwent a neurological examination and thorough medical 

history assessment. HIV infection was ruled out based on enzyme linked immunosorbent 

assay (ELISA) and confirmed by Western blot, while active HCV infection was ruled out by 

negative anti-HCV ELISA and negative qualitative HCV RNA by polymerase chain 
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reaction. Participants were also excluded for history of (1) head injury with loss of 

consciousness > 10 minutes; (2) history of severe anxiety, depression or neurological 

disorders, including dementia, seizure disorder, stroke, and opportunistic brain infection; (3) 

severe psychiatric illness that might impact brain function (e.g., schizophrenia, bipolar 

illness; and (4) current (6-month) substance dependence or positive urine toxicology screen 

for cocaine, opiates, or illicit stimulants or sedatives. Inclusion/exclusion criteria were 

assessed using structured clinical interview by the study physician and self-reported medical 

history. The study was approved by the institutional review boards, and informed consent 

was obtained from each participant before enrollment.

Alcohol consumption—Participants were recruited with the goal of obtaining relatively 

equal samples of non-drinkers, people who drink moderate quantities of alcohol, and heavy 

alcohol users (ETOH none; ETOH moderate, ETOH High) based on current use. 

Participants were categorized into alcohol groupings based on NIAAA criteria (see 

Alcoholism NIoAA: http://rethinkingdrinking.niaaa.nih.gov/IsYourDrinkingPatternRisky/

WhatsAtRiskOrHeavyDrinking.asp) derived from Timeline follow-back (TLFB, Fals-

Steward et al., 2000) and a structured clinical interview by the study physician. The TLFB 

involves a self-report of drinking behavior over the past 90-days and was used to calculate 

the average number of drinks per week over the past 3 months. The ETOH-heavy group 

consisted of people who reported drinking 5 or more drinks in a single day for men (or 

average more than 14 per week), and 4 or more in a single day (or average more than 7 in a 

week) for women. The ETOH-moderate group consisted of people who reported consuming 

less than ETOH-heavy quantities, while ETOH-none reported no consumption of alcohol.

Given the study hypotheses of adverse neurocognitive effects among heavy drinkers, the 

ETOH none and ETOH moderate groups were pooled into a single group consisting of 

individuals who were currently drinking below the NIAAA threshold for “at-risk” alcohol 

consumption (ETOH Low). 31.8% (n = 21, 8 women) were heavy alcohol consumers 

compared to 68.2% (n=45, 27 women) who were not. There were no significant differences 

by ETOH level or age between ETOH None (n=11) versus moderate (n=34) participants on 

any cognitive domain examined (F’s(1, 45) < 1.4, p’s > .05). Age and years of education were 

not significantly different between the ETOH-heavy and ETOH-low-risk groups (p’s > .05). 

There was not a significant difference in racial composition between ETOH groups (p > .

05). There were a greater percentage of women in the ETOH Low group (p>.05, addressed 

below in the statistical section). Demographic characteristics by ETOH grouping are 

presented in Table 1.

Drug and Alcohol Dependence—No participants were currently using cocaine or 

opiates based on self-report and urinalysis, and no participants met criteria for current 

cocaine or opiate dependence based on the Kreek-McHugh-Schluger-Kellogg scale (KMSK 

scale; Kellogg et al., 2003). KMSK scale was also used to assess lifetime history of alcohol 

dependence. The KMSK quantifies self-reported exposure to opiates, cocaine, alcohol, 

and/or tobacco. Each section of the KMSK scale assesses the frequency, amount, and 

duration of use of a substance during the person’s period of highest consumption. The scale 

also assesses the mode of use, whether the substance use is current or past, and whether each 
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substance is the substance of choice. Six participants were excluded from Alcohol 

Dependence analyses because of incomplete KMSK scores. 53.3% (n = 32, 13 women) of 

the sample (sample n = 60) had a history of alcohol dependence, while 46.7% (n = 28, 18 

women) did not have a lifetime history of alcohol dependence. 21.6% (n = 13) of 

participants with past history of alcohol dependence were currently alcohol dependent. Thus, 

13 of 32 persons with current alcohol dependence overlapped with the total number of 

people with a lifetime history. Age was not significantly different between Lifetime Alcohol 

Dependence groups (p > .05), but education and sex was significantly different (p’s < .05; 

addressed below in statistical analyses). There was not a significant difference in racial 

composition between Dependence groups (p > .05). Demographic characteristics by 

Lifetime Alcohol Dependence grouping are presented in Table 1. It is important to note that 

Lifetime Alcohol Dependence was assessed based on positive or negative history of Alcohol 

Dependence, not a quantification of amount of alcohol consumed over the lifetime.

Neurocognitive Assessment—All participants completed a battery of standardized 

neuropsychological tests widely used in past studies by our group and others to assess the 

following cognitive domains: Speed of information processing, attention//executive 

functioning, learning, recall memory, verbal fluency, and psychomotor speed. The battery 

was comprised of the following tests chosen for their sensitivity to HIV-associated 

neurocognitive deficit (HAND): Hopkins Verbal Learning Test – Revised (HVLT-R; verbal 

learning and memory; Benedict et al., 1998, Brandt and Benedict, 1991) Brief Visuospatial 

Memory Test – Revised (BVMT-R; visuospatial learning and memory; Benedict, 1997); 

Controlled Oral Word Association Test (COWAT–FAS; verbal fluency; Benton et al., 1994) 

category fluency (animals; categorical verbal fluency); Stroop Color and Word Test; 

(attention/executive function; (Golden, 1978) Trails Making Test, Parts A and B; (executive 

function; Reitan, 1992); Letter-Number Sequencing (working memory) from the Wechsler 

Adult Intelligence Scale – Third Edition (WAIS-III; Wechsler, 1997); Grooved Pegboard 

Test; (fine motor speed; Kløve, 1963) and the Digit Symbol–Coding and Symbol Search 

(speed of processing measures) tests from the WAIS-III (Wechsler, 1997). T-scores from 

delayed recall on the HVLT-R and BVMT-R were averaged to calculate the delayed recall 

domain. Learning trial performance (T-scores) on these two tasks was averaged to create the 

learning domain. COWAT and animal naming T-scores were averaged for the verbal fluency 

domain. Stroop, Letter-Number Sequencing, and Trails A and B T-scores were averaged to 

compute the attention/working memory/executive functioning domain. Digit Symbol–

Coding and Symbol Search were averaged to calculate the speed of processing domain. The 

Grooved Pegboard Test T-score was used for the psychomotor speed domain.

Demographically (age, education, gender, race) corrected t-scores were calculated using 

established norms. A global index of neurocognitive function was calculated by averaging 

all domain composite T-scores.

Statistical Analyses

Statistical analyses were performed using SPSS-22 software (IBM). Demographic and 

clinical characteristics of the overall sample were determined, and differences in these 

characteristics among the ETOH Low and ETOH High groups examined using independent 
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t-tests and χ2. Differences in neurocognitive performance as a function of alcohol grouping 

or lifetime alcohol dependence groups, and age were examined using general linear 

modeling. The primary analyses consisted of two way ANOVAs (e.g., ETOH × age or 

Dependence × age), in which the dependent measure was each of the domain scores and the 

global index. Age was dichotomized based on the median of the sample (median = 39 years) 

such that adults 40 years or older were compared to adults younger than 40 years. As age 

was corrected for using T-scores in the dependent measures, age was included in the models 

to specifically assess for abnormal change in the normal trajectory of age-related 

neurocognitive decline. Thus, presence of an age effect denotes exacerbation of normal age-

related decline in neurocognitive function. Interactions and simple effects were examined 

based on the results of the overall ANOVAs. Both ETOH groupings and Lifetime 

dependence groupings had significant differences in the distribution of sex. Analyses 

including sex as a factor in each of the two way ANOVAs failed to show any significant 

interactions or main effects of sex on cognitive measures (p’s>.05). Thus, sex was not 

included in the models presented below. Tables 2 and 3 provide mean values in T-scores 

used for analyses. Except for Figure 1, T-scores were transformed into z-score format for 

ease of interpretation. Figure 1 depicts performance per domain by t-scores.

RESULTS

Current alcohol consumption

Descriptive statistics for ETOH High and Low groups by age group are provided in Tables 2 

(T-scores) and 3 (raw scores). The interactions of age by ETOH for global cognitive 

performance, learning, memory, and motor function are shown in Figures 2.

Global cognitive function

A significant age by ETOH interaction was found for global cognitive function (F(1, 62) = 

4.80, p < .05, partial eta squared = .07). Overall cognitive performance varied as a function 

of level of alcohol consumption and age. Tests of simple effects revealed a significant effect 

of age on cognitive performance for the ETOH High group (p < .05). Heavy drinkers 40 

years and older had lower global cognitive scores than younger heavy drinkers (Figure 2). 

There was not an age effect on cognitive performance for the ETOH Low group. Tests of 

simple effects conducted to examine ETOH High and ETOH Low groups further 

demonstrates this relationship between age and alcohol use. Cognitive performance did not 

vary as a function of level of alcohol consumption for participants under the age of 40 years. 

In contrast, cognitive performance differed between the ETOH High and ETOH Low groups 

for participants 40 years and older, with heavy drinkers showing lower cognitive scores (p <.

05; Figure 2a).

Learning and Memory

A significant age by ETOH interaction was found for composite learning performance. 

(F(1, 62) = 6.30, p < .05, partial eta squared = .09, Figure 2b). Tests of simple effects revealed 

that among people in the ETOH High group, a significant age effect existed (p < .05). Heavy 

drinkers 40 years and older had lower learning scores than younger heavy drinkers. Age 

group effects were not evident for the ETOH Low group. Tests of simple effects conducted 
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to compare ETOH High and ETOH Low separately for the young and older age groups 

indicated similar effects. Among young drinkers, ETOH High and ETOH Low did not differ 

significantly, whereas a significant ETOH effect existed among the older drinkers, with 

lower learning scores for the ETOH High group (p <.05).

A significant age by ETOH interaction was also found for composite memory performance 

(F(1, 62) = 5.25, p < .05, partial eta squared = .08). Heavy drinkers 40 years and older had 

lower memory recall score than younger heavy drinkers. An age effect was not evident for 

the ETOH Low group. Tests of simple effects conducted to compare ETOH High and ETOH 

Low separately for the young and older age groups indicated similar effects. Among young 

drinkers, ETOH High and ETOH Low did not differ significantly, whereas a significant 

ETOH effect existed among the older drinkers with lower memory scores for ETOH High 

group (p <.05). The interaction of age by ETOH for learning and memory is shown in 

Figures 2b and 1c.

Motor function

A significant age by ETOH interaction was also found for motor function (F(1, 62) = 4.2, p 

< .05, partial eta squared = .06, Figure 2d). Tests of simple effects comparing ETOH High 

and ETOH Low separately indicated that differences between the age groups existed for the 

ETOH High group (p <.05), but not the ETOH Low group. For the ETOH High group, older 

heavy drinkers had poorer fine motor function than younger heavy drinkers, whereas young 

and older adults in the ETOH Low group did not differ in their motor function.

Other cognitive functions

There were not interactions of age by ETOH for the verbal, speed of processing, or 

attention-executive domains (F’s(1, 62) < 2.2, p’s > .05). Accordingly for these cognitive 

domains, performance did not differ among young and older participates based on their level 

of current alcohol consumption. There were also not significant main effects for age or 

ETOH with respect for these cognitive domains (F’s(1, 62) < 0.8, p’s > .05).

Alcohol dependence

In subsequent analyses, the influence of lifetime alcohol dependence history was analyzed to 

determine whether dependence was also associated with reduced cognitive performance. 

Unlike current heavy alcohol use, lifetime history of alcohol dependence did not interact 

with age to adversely affect cognitive performance (F’s(1, 60) < 1.5, p’s >.22). There was also 

not a main effect of age (F’s(1, 60) < 1.5, p’s >.22). In contrast, the main effect of alcohol 

dependence was significant for global cognitive function (F(1, 60) = 7.35, p = .001, partial eta 

squared = .017; Figure 3a), learning (F(1, 60) = 7.35, p = .001, partial eta squared = .22; 

Figure 3b), memory (F(1, 60) = 7.35, p = .001, partial eta squared = .32; Figure 3c), motor 

function (F(1, 60) = 7.35, p = .001, partial eta squared = .12; Figure 3d), and attention/

executive function (F(1, 60) = 7.35, p = .001, partial eta squared = .08; Figure 3e), with 

cognitive performance lower in people with a history of lifetime alcohol dependence (p’s < .

05; Table 4). Lifetime alcohol dependence did not significantly affect verbal or speed of 

processing (p’s > .05).
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DISCUSSION

The results of this study indicate an interaction between quantity of current alcohol 

consumption and age with respect to global cognitive performance, as well as performance 

in the cognitive domains of learning, memory, and motor function. Current heavy drinkers 

who, by definition, consumed more alcohol on a weekly basis than the NIAAA threshold for 

“high-risk” drinking (ETOH High), exhibited greater cognitive deficits as a function of age 

compared to younger current heavy drinkers, and compared to adults who were current non-

heavy drinkers or abstainers (ETOH Low). There was not an age association with cognitive 

performance for the ETOH Low group. Adults who were not currently heavy drinkers 

tended to have average cognitive performance, relative to demographically corrected 

normative values. The fact that people who did not drink alcohol at all did not differ 

significantly from people who consumed minimal to moderate quantities on any cognitive 

domain supports our original hypothesis that adverse cognitive effects would primarily be 

observed among current heavy drinkers.

That neurocognitive performance did not vary as a function of age in the ETOH Low group 

is perhaps not surprising given that the mean age of the study cohort was only 39 years, with 

no participants over the age of 65. Age-associated cognitive decrements are not expected 

among healthy adults during mid-life and are usually minimal until the seventh decade of 

life. The absence of aging associations in the ETOH Low group, after normative correction 

for age, education, and socioeconomic status, demonstrates that neither abstaining from 

alcohol nor non-heavy drinking altered the normal trajectory of cognitive aging. The 

observed age findings among heavy drinkers are more the anomaly, suggesting that people 

who consume large quantities of alcohol may be prone to premature cognitive aging.

Neurocognitive deficits in older current heavy drinking were not universal. Specifically, 

older current heavy drinkers had significantly lower performance on tasks related to 

learning, memory, and motor function. In contrast, attention/executive functions, verbal 

fluency, and speed of processing did not differ as a function of age and current alcohol 

consumption. In terms of motor function, the measure used in the current study was 

designed to assess psychomotor speed in a fine motor control task. Learning and memory 

composite scores were calculated using both visual and verbal learning and memory indices. 

These functionally specific results may provide insight into candidate neural structures for 

future investigations into the neural correlates of our findings, such as hippocampus, 

cerebellum, and primary and supplementary motor association cortices. As the functions of 

these brain regions are impacted acutely during heavy alcohol consumption (e.g., black-outs, 

loss of coordination, etc.), our data may suggest that these acute effects are more lasting in 

consequence.

In contrast to findings for current heavy alcohol consumption, lifetime history of alcohol 

dependence did not interact with age. Rather, neurocognitive deficits were evident in persons 

with a history of alcohol dependence irrespective of age. Global cognitive performance with 

specific deficits in learning, memory, motor function, and attention/executive function were 

associated with lifetime history of alcohol dependence. While neurocognitive effects of 

current heavy alcohol consumption appear to be exacerbated by age, long-term decline in 
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cognitive function from lifetime history of alcohol dependence does not. Regardless, the 

same functions affected by current heavy consumption of alcohol were also affected in those 

with a lifetime history of alcohol consumption, in addition to attention/executive function. 

As with current heavy alcohol consumption, neurocognitive effects were not universal, with 

no evidence of change in speed of processing or verbal fluency. The consistency between 

current and lifetime history, as well as anecdotal reports of acute effects of heavy alcohol 

consumption, suggest that these patterns represent a consistent cascade of short and long 

term consequences from heavy alcohol consumption.

Our current findings provide evidence that the adverse effects of alcohol use on 

neurocognitive function may interact with both age and quantity of alcohol consumed. 

Heavy alcohol consumption appears to have adverse cognitive effects, whereas drinking 

minimal to moderate amounts of alcohol does not produce these associations, even in older 

adults. The fact that heavy alcohol effects on cognition were associated with age in a cohort 

that was less than 70 years of age suggests that very advanced age is not a prerequisite for 

these adverse effects, and that susceptibility may increase dramatically during mid-life. 

Evidence for greater compromise of neurocognitive function in older adults with current 

heavy alcohol consumption may have significant implications for personal and public health, 

as these individuals are likely more susceptible to decline in driving performance, increased 

rates of injury, hospitalization and dependence on assisted living, poorer medical outcomes, 

increased mortality rates, and other factors commonly associated with cognitive decline in 

older adults (Woods et al., 2013, Woods et al., 2011). Evidence for long-term consequences 

of alcohol dependence are also potentially important. These data suggest that those with a 

lifetime history of alcohol dependence may suffer deleterious effects that compromise 

neurocognitive function throughout life, not merely during acute periods of heavy alcohol 

consumption. However, the alternative is also possible and cannot be discounted in the 

current study. That is to say, premorbid deficits in neurocognitive function may predispose 

people toward alcohol abuse and dependence. It is also important to note that these findings 

are specifically relevant to the presence or absence of lifetime history of alcohol dependence, 

not a direct quantification of the amount of alcohol consumed over the lifetime. Such data 

may be important for further exploring these effects.

Furthermore, prior studies found mixed results when investigating the consequences of 

heavy alcohol consumption on neurocognitive function. Our results provide evidence 

supporting recent studies on the interaction of age and heavy alcohol consumption and 

extend our understanding of their neurocognitive consequences. This study provides strong 

evidence that heavy alcohol consumption has both short and long-terms consequence for 

neurocognitive function, and that these consequences increase with advancing age. 

Furthermore, our data suggest that heavy alcohol consumption is associated with accelerated 

cognitive aging.

Limitations and Future Directions

The population of non-infected but at-risk persons recruited from a larger ETOH focused 

study on HIV may represent a significant sampling bias that could exaggerate the impact of 

ETOH on cognitive function. However, these data also represent realistic insight into a 
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population with high rates of ETOH abuse and thus are, at the very least, representative of 

similar populations. Use of normative data between groups to assess age effects over 

different test measures might be viewed as a limitation versus a matched sample control 

across groups. Future study of persons not at-risk for contracting HIV and HCV will help to 

support the applicability of these data to the population at large. In addition, longitudinal 

studies would allow for better understanding of the long-term consequences of these effects. 

Use of self-report measures of alcohol consumption and lifetime history of dependence may 

have introduced an extra degree of variability over objective measurement. However, such 

objective measures are often impossible, especially when assessing past alcohol 

consumption. These self-report measures may actually underestimate the level of current 

consumption and presence of past dependence. While this study demonstrates the 

neurocognitive consequences of heavy alcohol consumption, the structural, metabolic, and 

functional brain changes underlying long-term consequences of heavy alcohol consumption 

remains unclear. Furthermore, the causal direction of the relationship between 

neurocognitive function and alcohol abuse-dependence requires further study. As such, 

future studies are needed to characterize the relationship between alcohol-associated 

cognitive impairments versus cognitive deficit-associated increase in alcohol consumption, 

metabolic and functional brain abnormalities that can be assessed using neuroimaging and 

other methods, and the amount of recovery of function versus persistent brain dysfunction 

that is likely to occur with reduced alcohol consumption as people age.
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Figure 1. 
Cognitive performance by ETOH and age groups. T-score data are presented with standard 

error bars for each age and ETOH group. Although visually different, Younger ETOH− and 

Younger ETOH+ were not significantly different on Learning and Memory domains 

(F’s<2.1, p’s>.15).
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Figure 2. 
Effects of age and current alcohol consumption on neurocognitive domains. T-scores were 

converted to z-scores for ease of interpretation. Figure 2a: Global cognitive function, 1b: 

Learning, 1c: Memory, 1d: Motor. ETOH-High = Heavy alcohol consumption, ETOH-Low: 

None/ Moderate alcohol consumption. Dashed lines represent 95% confidence limits.
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Figure 3. 
Effects of lifetime history of alcohol dependence on neurocognitive domains. T-scores were 

converted to z-scores for ease of interpretation. Figure 3a: Global cognitive function, 2b: 

Learning, 2c: Memory, 2d: Motor, 2e: Attention/Executive Function. Dependence History = 

lifetime alcohol dependence history. Dashed lines represent 95% confidence limits.
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Table 1

Sample Demographics by ETOH and Lifetime Alcohol Dependence History Groupings

ETOH Group Mean Std. Dev. Range

Age

ETOH− (n=45) 39.82 12.21 21–69

ETOH+(n=21) 35.38 10.20 22–54

Dependence− (n=28) 38.57 13.82 21–69

Dependence+ (n=32) 38.84 9.87 22–56

Education

ETOH− (w=27) 13.84 2.80 8–20

ETOH+ (w=8) 13.05 2.94 7–18

Dependence−* (w=18) 14.61 2.47 11–20

Dependence+* (w=13) 12.53 2.92 7–18

ETOH+ = Heavy ETOH consumption, ETOH− = Non-Heavy ETOH Consumption, Dependence− = No history of alcohol dependence, Dependence
+ = History of alcohol dependence, n = sample size, w = women,

*
p<.05
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