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Abstract

Rationale Acute alcohol consumption adversely affects many cognitive abilities, including episodic memory and execu-
tive functioning. However, no study to date has tested whether these acute effects of alcohol also extend to episodic future
thinking (EFT). This is a surprising omission given that EFT refers to the ability to imagine oneself experiencing the future,
a highly adaptive ability that has been implicated in many important functional behaviours. EFT is also thought to impose
demands on episodic memory and executive control.

Objectives The current study was designed to provide the first test of whether a moderate dose of alcohol influences EFT
and whether any observed EFT difficulties are secondary to broader problems in episodic memory and executive functioning.
Sex differences in EFT following acute alcohol consumption were also examined.

Methods One hundred and twenty-four healthy adult social drinkers were recruited and randomly assigned to either the
alcohol (n=61) or placebo (n=63) condition. Participants were administered a dose of 0.6 g/kg alcohol or a matched pla-
cebo drink.

Results Relative to the placebo condition, EFT was impaired by acute alcohol consumption. This impairment was under-
pinned by broader difficulties with episodic memory, but not executive functioning. There were no sex differences in EFT
performance following acute alcohol use.

Conclusion These data provide novel insights into the effects of acute alcohol consumption on EFT and the broader cognitive
mechanisms that contribute to these difficulties. The results are discussed in relation to their implications for understanding
many of the maladaptive behaviours commonly associated with acute alcohol use.

Keywords Acute alcohol consumption - Episodic future thinking - Neurocognitive function - Autobiographical interview -
Sex differences

Alcohol is one of the most commonly used substances world-
wide, largely consumed for its relaxant and euphoric proper-
ties (Oscar-Berman and Marinkovi¢ 2007). Alcohol contains
ethanol, a central nervous system depressant associated with
changes in subjective mood, psychomotor performance, and
cognitive functioning (Eckardt et al. 1998; Fillmore 2007;
Holloway 1994; Hull and Bond 1986; Weissenborn and
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Duka 2003). Acutely, alcohol exerts its effects by altering
the physical properties of neural membranes and disrupting
synaptic transmission (Charness 1990).

In terms of the effect of acute alcohol consumption on
cognition, memory and executive function are two key
abilities that have attracted particular attention in this lit-
erature. Consistent with neurobiological evidence showing
that the brain regions impacted by acute alcohol consump-
tion include areas strongly linked to memory function, such
as the hippocampus (Jacob and Wang 2020; Squire et al.
2004), acute alcohol use has been associated with memory
impairment (Curran and Weingartner 2002; Mintzer 2007;
Ryback 1971; White 2003). However, although many of the
key brain regions that support executive functions are also
impacted by acute alcohol consumption (Oscar-Berman
and Marinkovi¢ 2007; Van Skike et al. 2019), the executive
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function literature is more mixed, and it has been suggested
that any relationship may be dose and/or task dependent (for
areview, see Day et al., 2015).

Another important aspect of cognition that may be affected
by acute alcohol use, but which has not yet been tested empiri-
cally, is episodic future thinking (EFT). EFT refers to the abil-
ity to imagine or simulate a personal hypothetical future sce-
nario (Atance and O'Neill 2001; Schacter et al. 2008; Szpunar
2010). It is therefore a highly adaptive ability that allows an
individual to carefully plan their behaviour by pre-experienc-
ing a future personal event and imagining the consequences
of their actions, thus enhancing the likelihood of achieving
desired outcomes, and avoiding undesirable ones (Sudden-
dorf and Corballis 2007). Because deficits in EFT are linked
to poor decision making, they have potentially profound
consequences for daily functioning and independent living
(Schacter et al. 2008, 2017; Szpunar 2010). Indeed, research
has identified EFT deficits in many clinical groups that exhibit
functional difficulties (D'Argembeau et al. 2008; Lind and
Bowler 2010; Mercuri et al. 2015, 2018), and failures in EFT
may potentially help to explain why acute alcohol consump-
tion is linked to risk taking behaviours, such as unprotected
sex, aggression and gambling (Field et al. 2010).

EFT difficulties in the context of acute alcohol consump-
tion might be anticipated because of alcohol’s broader effects
on episodic memory. Episodic memory refers to the ability
to recall past personal experiences. According to the con-
structive episodic simulation hypothesis, humans typically
extract, recombine and integrate the recollection of such past
experiences in the construction of novel future events (Addis
2018; Roberts et al. 2018; Schacter and Addis 2007b). That
is, episodic memory provides the foundation from which the
future is imagined (Suddendorf et al. 2009). EFT and episodic
memory also engage a similar core brain network (Addis et al.
2008; Schacter et al. 2017), suggesting that these brain regions
function adaptively to simulate possible future events by inte-
grating information from past experiences (Schacter et al.
2007). Additional support for the claim that episodic memory
is an important contributor to EFT comes from studies that
have shown EFT and episodic memory to be significantly cor-
related in both healthy controls and clinical populations (see
Schacter and Addis 2007a for a review), and there is evidence
that poorer EFT may at least partially reflect poorer episodic
memory (e.g. Mercuri et al. 2015, 2018). Therefore, problems
with EFT may be expected to be a corollary of any effect of
acute alcohol consumption on episodic memory.

Problems with EFT may also be anticipated as a secondary
consequence of acute alcohol-related executive function dif-
ficulties. As noted, EFT involves simulating a future scenario
in imagination, a constructive process that requires an individ-
ual to flexibly recombine past memories into coherent, novel
future events (Schacter and Addis 2007b; Suddendorf and
Henry 2013). As such, this process has been hypothesised to
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involve cognitive flexibility (an aspect of executive function)
to not only disengage from the present moment to focus on
the imagined future, but to also reformulate past experiences
to simulate that future event. It has also been suggested that
EFT requires inhibitory control to impede irrelevant informa-
tion and working memory to mentally manipulate information
(Schacter and Addis 2007b; Suddendorf 2010; Suddendorf
and Corballis 2007). However, empirical support for a rela-
tionship between EFT and executive function is mixed, with
some studies identifying significant associations (e.g. Cole
et al. 2013; Mercuri et al. 2018), whilst others have failed to
identify any relationship (e.g. Gott and Lah 2014; Mercuri
et al. 2015). Additionally, as previously noted, findings in rela-
tion to the effect of acute alcohol use on executive functions
have been similarly mixed. As a consequence, the extent to
which problems with EFT may be expected to arise due to
executive dysfunction is unclear.

The primary aim of the present study was therefore to pro-
vide the first empirical test of whether EFT performance is
impaired following a moderate dose of alcohol (0.6 g/kg).
The second aim was to examine whether any observed EFT
impairments were related to acute alcohol-induced deficits in
episodic memory and/or executive function. The key predic-
tions were (i) relative to a placebo condition, participants in the
alcohol condition would perform significantly worse on EFT
and episodic memory. It was also anticipated that (ii) episodic
memory would significantly contribute to EFT performance in
both conditions. In light of the mixed findings reported previ-
ously, less clear was whether executive functioning would be
impaired by alcohol and contribute to EFT impairment. The
final, exploratory aim of this study was to examine sex dif-
ferences in EFT in the context of acute alcohol consumption.
This question was of interest because there is some evidence
to suggest that there are sex differences in the pharmacoki-
netics of acute alcohol use and its resulting impact on cogni-
tive functioning (Erol and Karpyak 2015; Fama et al. 2020;
Mumenthaler et al. 1999).

Methods
Participants and design

One hundred and twenty-four healthy adult social drinkers
(62 men) aged 18-37 M =24.35, SD=4.16) were recruited
via community advertisements and social networks. Social
drinking! was defined as the average weekly consumption

! It should be noted that definitions of social drinking vary across
sociocultural contexts, and many different criteria have been proposed
to define ‘levels’ of drinking, and not all of these would consider the
criteria we have used here to qualify as social.
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Table 1 Participant characteristics

Alcohol Placebo

condition condition

n=06l n=63

M (SD) M (SD) t(122) d p
Age (in years) 2425 (4.17) 24.46 (4.19) 0.29 .05 .78
Years of education 16.13 (2.24) 16.21 (2.08) 0.21 .04 83
Premorbid IQ 47.00 (4.27) 46.87 (4.46) 0.16 .03 .87
Mental health
Depression 3.03 (2.56) 2.33(2.28) 1.61 29 11
Anxiety 7.07 (3.64) 7.03(4.10) 0.05 .01 .96

Premorbid IQ as measured by the Spot the Word test

of between 2 and 25 standard units of alcohol for women
and 2-36 standard units of alcohol for men (Griffiths et al.,
2012). Exclusion criteria were previous or current neurologi-
cal condition or major psychiatric illness; history of alcohol
or other substance dependence; the use of prescription medi-
cation that required abstinence from alcohol. Participants
were also excluded if English was not their first language.
Participants were asked to refrain from using alcohol or
illicit drugs in the 24 h prior to testing and reminded of

Table 2 Alcohol use

this via text message at least a day in advance of the testing
session. Participants confirmed abstinence via self-report
and a BrAC measurement of zero prior to commencing. All
participants were reimbursed AU$60 for their time.

Participants were randomly assigned to either the alcohol
(n=061; 30 men) or placebo (n=63; 32 men) condition in
a double-blind, independent group design. The groups did
not differ in sex composition, y 2 (1124)=0.03, p=0.86.
As shown in Table 1, the groups also did not differ in age,
years of education, premorbid intelligence as measured by
the Spot the Word test (Baddeley et al. 1993), and negative
affect, as measured by the Hospital Anxiety and Depression
Scale (Zigmond and Snaith 1983).

Table 2 presents descriptive and inferential statistics
for alcohol use characteristics (total sample, males and
females), and independent samples #-tests comparing total
sample group differences (alcohol vs. placebo) for each of
the alcohol use variables. The alcohol and placebo groups
did not differ in age of first alcoholic drink, average quantity
of alcohol consumed per week in standard units, speed of
drinking, number of times ‘drunk’ within the past 6 months
and percentage of times drinking until drunk, in addition to
Alcohol Use Questionnaire (AUQ; Mehrabian and Russell
1978) outcome scores.

demographics (as measured by Alcohol condi-  Placebo condi-
the Alcohol Use Questionnaire) tion n=061 tion n=63
zz;);lrlgt::(l)}tlaéosragglljsa:r?d females M D M SD r1227 4 P
Age of first alcoholic drink ~ Total sample ~ 15.18  2.03 1513  1.85 0.15 .03 .88
Males 1480 224 1528 199
Females 1555 177 1497 172
Alcohol units per week Total sample ~ 8.21 5.30 7.76 5.75 0.45 .08 .65
Males 9.92 5.73 8.66 6.14
Females 6.56 4.32 6.84 5.25
Alcohol units per hour Total sample ~ 2.07 0.10 1.90 0.78 0.85 15 40
Males 2.47 1.17 1.91 0.69
Females 1.63 0.56 1.90 0.88
Number of times drunk® Total sample  12.05 13.39 1095 17.65 0.39 .07 .70
Males 1698 16.09 1541 2221
Females 7.27 7.78 6.35 9.56
Percentage of times drinking Total sample  31.98 27.87 25.11 2653 141 25 .16
until drunk® Males 3778 2849 3170 3105
Females 2635 2650 18.31  19.09
AUQ score Total sample 34.82 2193 3132 2624 0.1 A5 42
Males 4433 2427 38.03 31.64
Females 25.63 14.66 2439 17.04
AUQ binge score Total sample  26.61  18.85 23.59 2261 0.81 15 42
Males 3441 21.61 2937 27.66
Females 19.06 11.83 17.63  13.90

“Independent samples #-tests comparing alcohol and placebo conditions total sample means

® ‘Drunk’ is defined as the loss of coordination, nausea, and/or inability to speak clearly
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Table 3 Procedure: tasks

. . Time Tasks and measures Alcohol group BAC
performed with approximate
corresponding times (min), 0 min Informed consent Total sample M =0.000
including average blood Baseline BrAC
alcohol concentration (BrAC) Weigh participant
of participants assigned to the Spot the word
alcohol condition (total sample Initial drink administration (0.6 g/kg alcohol OR
and separately for males and placebo)
females) Background questionnaire
Hospital Anxiety and Depression Scale
Alcohol Usage Questionnaire
45 min End of drink administration
Verbal Fluency Task
Hayling Sentence Completion Test
Trail Making Test
75 min BrAC time 2 reading Total M=0.064, SD=0.014
Top up drink (0.1 g/kg alcohol OR placebo) Males M=0.061 SD=0.016
Females M=0.067, SD=0.011
120 min BrAC time 3 reading Total M=0.075, SD=0.013
Top up drink (0.1 g/kg alcohol OR placebo) Males M=0.070 SD=0.014
Autobiographical interview Females M =0.079,
SD=0.011
170 min BrAC time 4 reading Total M=0.074, SD=0.014

Debriefing, guess condition and payment

Males M=0.068 SD=0.013
Females M=0.080, SD=0.013

Alcohol administration

A research assistant was responsible for the mixing of
drinks and BrAC measurements to ensure that the researcher
remained blind to condition (alcohol or placebo). For partici-
pants assigned to the alcohol condition, alcohol was admin-
istered at a dose of 0.6 g/kg of body weight. This dose was
chosen because it is considered to be a good representation
of moderate alcohol intoxication and is commonly experi-
enced by social drinkers without considering themselves to
be intoxicated or cognitively impaired to a notable degree.
Closely following the procedure outlined by Leitz et al.
(2009), a total of 500 ml of liquid was prepared containing
96% ethanol diluted with tonic water and lime cordial, and
divided equally into 10 cups containing 50 ml portions. Lime
cordial was used to mask the taste of alcohol. For participants
in the placebo condition, the placebo beverage consisted of
500 ml of liquid divided equally into 10 cups containing
50 ml portions of tonic water and lime cordial only. Partici-
pants in both conditions were provided with their respective
10 beverages and were required to consume the drinks at
3-min time intervals in the presence of the researcher.

To maintain the level of alcohol in the blood over the entire
testing period of up to 180 min, participants in the alcohol
condition were given two sets of top-up drinks, each contain-
ing 0.1 g/kg dose of alcohol, tonic water and lime cordial,
whilst those assigned to the placebo condition were given two
sets of placebo drinks. Each top-up drink contained two 50 ml
portions which were administered at approximately 80- and
120-min into the testing session. Previous research has shown
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that a dose of 0.1 g/kg alcohol administered to participants in
the alcohol condition as top-up drinks can be used to maintain
a steady BrAC over the entire testing period (Leitz et al. 2009;
Paraskevaides et al. 2010). Each participant completed four
BrAC measurements administered by the research assistant
throughout the testing session using a Lion Alcolmeter 700
breathalyser. Participants were breathalysed at least 20 min
after drink administration to ensure that the BrAC reading
for participants in the alcohol condition was not affected by
residual alcohol within the mouth, and at the conclusion of the
tasks to avoid distraction from task completion and adversely
impacting performance.

Procedure

Testing took place in one session of up to 180 min duration,
with breaks taken as needed. After completing the baseline
BrAC measurement, participants were weighed to allow the
appropriate dose of alcohol to be calculated for those allo-
cated to the alcohol condition. Participants then completed
the tasks detailed in Table 3. The study was approved by
the Australian Catholic University Human Research Ethics
Committee and all participants provided informed consent.

Measures
Episodic future thinking and episodic memory

The Adapted Autobiographical Interview (Al; Addis et al.,
2008) is a semi-structured interview that was used to
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provide a measure of EFT and episodic memory. In this
task, participants are provided with a set of six cue words
and asked to describe an event relating to the cue word in
as much detail as possible as if they were actually experi-
encing the event. The event had to be either one that they
had previously experienced in real life (past condition) or
a novel future event (future condition). Cue words were
selected from the ‘Affective Norms for English Words’ list
(ANEW; Bradley and Lang 1999), and included two posi-
tive words (birthday, vacation), two neutral words (bench,
taxi), and two negative words (nightmare, accident; valence
ratings M=8.0, M=4.8, M=2.0, respectively). Three cue
words, one from each valence, were administered for each
temporal direction (i.e. past and future). To reduce cognitive
load, and facilitate participants’ understanding and adher-
ence to instructions, all three cue words were administered
for one temporal direction before commencing the other
temporal direction. The presentation of temporal direction
and cue words was counterbalanced across participants,
leading to six versions of the task. Administration, training
of scorers, and scoring procedures closely followed Addis
et al. (2008).

Al procedure One interviewer was trained in the adminis-
tration of the Al and conducted all interviews. Participants
were provided with the instructions and were given a dem-
onstration prior to the administration of test cues. For each
trial, participants were instructed to generate as many inter-
nal details as possible (i.e. episodic information specific to
the central event, such as thoughts, feelings and sensory
information) about an event in relation to each cue word
(e.g. birthday). Participants were given 3 min to describe
this event which had to be either one that they could imag-
ine themselves experiencing within the next 3 years (future
condition instruction) or one that they had experienced
within the past 3 years (past condition instruction). For
future events, participants were instructed that the event
they described could be creative, but not totally unrealis-
tic. Additionally, participants were directed to describe the
event from their own subjective perspective and told that
the event should be less than 1 day in duration and refer
to a specific place and time. When necessary, set prompts
were provided to clarify instructions and encourage further
description of the event, such as, ‘Is there anything else you
can tell me?” and ‘Are there any other details that come
to mind?’” Responses were recorded using a digital audio
recorder and transcribed for scoring.

Al scoring For each trial, a central event was identified, and
then details segmented and categorised as either internal
(episodic information specific to the central event) or exter-
nal (non-episodic information, including repetitions, seman-
tic information and information not specific to the central

event). The total number of internal details generated across
the three future trials was the primary measure of EFT, and
the total number of internal details generated across the three
past trials was the primary measure of episodic memory. The
total number of external details generated across the three
future and three past trials represents error. Three independ-
ent scorers blind to the project aims and participant condi-
tion scored the transcripts; Cronbach’s alphas were 0.98 for
internal and 0.92 for external details.

Executive functions

Cognitive initiation The Verbal Fluency Task was used
to provide an index of the cognitive initiation component
of executive control (Strauss et al. 2006). Two variants
were used: phonemic fluency, which requires generation
of as many words as possible on the basis of orthographic
criteria (in the present study, F, A and S), and semantic
fluency which requires generation of words according to
categorical criteria (in the current study, types of animals).
A total verbal fluency score was calculated by summing
the number of correct responses for phonemic and seman-
tic fluency.

Inhibitory control The Hayling Sentence Completion Test
provided a measure of the inhibitory control component of
executive control, and was administered and scored accord-
ing to Burgess and Shallice (1997). The task contains two
parts: Part A, in which participants are required to sensibly
complete 15 sentences (e.g. “He posted a letter withouta ...
[STAMP]”); and Part B, in which participants are required
to complete an additional 15 sentences, but with unrelated
words (e.g. “Her new shoes were the wrong... [PENCIL]”).
Both parts are timed and recorded in seconds, and perfor-
mance is calculated by tallying the number of errors and the
total time taken to complete both parts of the test, which is
then converted to a scaled score.

Cognitive flexibility The Trail Making Test (TMT) con-
tains two parts that are timed and recorded in seconds, and
was used to provide a measure of the cognitive flexibility
component of executive control (Arbuthnott and Frank
2000; Tombaugh et al. 1999). The TMT was administered
according to standardised guidelines (Strauss et al. 2006).
In Part A, participants are required to draw one continuous
line to connect the numbers 1 to 25 in numerical order,
and therefore provides a baseline measure of psychomotor
speed. In Part B, participants are required to draw one con-
tinuous line to connect numbers and letters in sequential
increasing and alternating order (i.e. 1-A-2-B-3-C, etc.).
The executive score is calculated by subtracting the time
taken for Part A from Part B, with lower scores reflecting
better executive control.

@ Springer
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Pre-morbid intelligence

Premorbid intelligence was assessed using the validated
test of word-recognition, the Spot the Word task (Baddeley
et al. 1993). In this task, participants are provided with 60
pairs of items. Each pair of items contains a real word and
an invented word constructed to resemble a real word but
has no meaning. Participants are required to identify and
circle which item is the real word in each pair of items. The
Spot the Word task is strongly correlated (r=0.83) with the
National Adult Reading Test (Baddeley et al. 1993), a well-
established measure of premorbid intelligence quotient (IQ).

Alcohol use

The AUQ (Mehrabian and Russell 1978) is a 12-item self-
report questionnaire that provides a reliable measure of alco-
hol drinking habits within the past 6 months (Townshend
and Duka 2002). The AUQ score is calculated based on the
total number of alcohol units per week, speed of drinking,
number of times being drunk and percentage of times getting
drunk whilst drinking alcohol. The AUQ was also used to
provide a binge drinking score, which was calculated using
the Townshend and Duka (2002) AUQ binge score equation.

Statistical analysis

All statistical tests were two-tailed and conducted using IBM
SPSS Statistics, version 26.0 (IBM Corp). An alpha level of
p <0.05 was considered significant, and effect sizes were esti-
mated either using partial eta squared (7 Zp), Cohen’s d, or
Pearson r correlations, depending on the analytic approach.
Cohen (1988) defines nzp effect sizes of 0.01 as small, 0.059
as medium and 0.138 as large, d effect sizes of 0.2 as small,
0.5 as medium and 0.8 as large, and r effect sizes of 0.1 as
small, 0.3 as medium and 0.5 as large. There were no miss-
ing values; however, one case was identified as a univariate
outlier in the Verbal Fluency Task, as were two cases in the
TMT, with z-scores of more than 3.29 (Tabachnick and Fidell
2014). These outliers were replaced with scores + 3SDs of the
mean following Tabachnick and Fidell (2014).

Results
Blood alcohol concentration

The mean (SD) BrAC at baseline, 75-, 120- and 170-min
testing are reported in Table 3, separately for males and
females assigned to the alcohol group. Independent sam-
ples r-tests were conducted to compare sex differences in
BrAC across the four BrAC measurements. All partici-
pants obtained a baseline BrAC of zero. Males and females
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Fig.1 Mean number of internal and external details generated on
the autobiographical interview as a function of condition (Alcohol,
n=061; Placebo, n=63) and temporal direction (Past; Future). Error
bars represent mean standard error

obtained a similar BrAC on the second BrAC measurement,
t(59)=1.67, p=0.10, d=0.44. However, females obtained
a significantly higher BrAC level than males on the third, ¢
(59)=2.92, p=0.005, d=0.71, and fourth BrAC measure-
ments, 7 (59)=3.68, p=0.001, d=0.92.

Episodic future thinking and episodic memory

The number of details generated for past and future events
is displayed in Fig. 1 as a function of condition (alcohol,
placebo), temporal direction (past, future), and detail type
(internal, external). As shown in Fig. 1, and confirmed by
the formal analysis below, participants in the alcohol condi-
tion produced less internal details and more external details
than participants in the placebo condition in both past and
future conditions. A mixed 2 X2 X2 X 2 ANOVA was con-
ducted with the between-groups variables, condition and
sex, and the within-groups variables, temporal direction
and detail type. There was no four-way interaction, F (1,
120)=0.68, p=0.41, 172p <0.01, and each three-way interac-
tion was not significant: condition, temporal direction and
detail type, F (1, 120)=0.56, p=0.46, r]zp <0.01; sex, tem-
poral direction and condition, F (1, 120)=1.34, p=0.25,
112[, =0.01; sex, detail type and condition, F (1, 120)=0.13,
p=0.72, nzp <0.01 and sex, temporal direction and detail
type, F (1, 120)=0.07, p=0.80, n°,<0.01.

There was a two-way interaction between detail type and con-
dition, F (1, 120)=15.66, p<0.001, ;12P=O.12, but the other
two-way interactions were not significant: temporal direction
and condition, F' (1, 120)<0.01, p=0.95, n2p<0.001; temporal
direction and detail type, F (1, 120)=2.40, p=0.12, n2p=0.02;
sex and condition, F (1, 120)=0.55, p=0.46, ;12 <0.01; sex and
temporal direction, F (1, 120)=0.07, p=0.79, 1712) <0.01 and sex

p
and detail type, F (1, 120)=0.64, p=0.43, nzp <0.01. Thus, sex
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Table 4 . Differ.en.tial and Alcohol condition n=61 Placebo condition n=63
inferential statistics for the -
executive function measures for M (SD) M (SD) t(122) d P
participants in the alcohol and
placebo conditions Executive function
Cognitive initiation 58.46 (12.11) 61.32 (13.11) 1.26 0.23 21
Inhibitory control 6.15 (1.00) 6.35 (0.88) 1.93 0.21 24
Cognitive flexibility 40.65 (25.65) 34.29 (17.90) 1.61 0.29 11

did not interact with any other variable, and sex was also not
a main effect: F (1, 120)=0.22, p=0.64, ’72,;<0-01- Tempo-
ral direction was also not an interaction effect, but was a main
effect: F (1, 120)=47.95, p<0.001, n2p=0.29, indicating that
collapsed across conditions, participants provided more details
in the past (M =148.6, SD=28.7) than in the future condition
(M=133.87,SD=33.37).

The significant interaction between detail type and condi-
tion was formally followed up with tests of simple effects.
This interaction revealed that participants in the placebo
condition produced more internal details (M =197.00,
SD =50.99) than participants in the alcohol condition
M=170.21, SD=51.82), F (1, 120)=8.29, p=0.005,
n2p= 0.07. Conversely participants in the alcohol condition
produced more external details (M =112.26, SD =42.31)
than participants in the placebo condition (M =85.55,
SD=42.31), F (1, 120)=12.35, p=0.001, n2p=0.09.

Finally, an independent samples ¢-test was conducted
to examine if the alcohol and placebo conditions differed
in the total amount of verbal output produced. The results
revealed that there was no difference (p =0.99) between the
alcohol M =564.72, SD=122.46) and placebo (M =565.06,
SD=105.18) conditions in the total number of details gener-
ated across all six interview conditions.

Executive functions

Descriptive and inferential statistics for the executive func-
tion measures are reported in Table 4. There were no differ-
ences between the alcohol and placebo conditions on any of
the executive function measures assessed.

Cognitive correlates of episodic future thinking

To investigate the cognitive correlates of EFT, Pearson
product-moment correlations were calculated between
EFT (indexed by future internal details), episodic memory
(indexed by past internal details), and executive function-
ing, separately for each condition (i.e. alcohol, placebo).
As shown in Table 5, significant correlations were found
between EFT and episodic memory in both conditions, with
better episodic memory performance associated with bet-
ter EFT. However, for executive functioning, associations

were inconsistent: EFT was positively correlated with only
inhibitory control in the alcohol condition, and only cogni-
tive initiation in the placebo condition.

Regression analyses

To test whether the associations identified in the correlational
analyses reflected unique contributions to EFT, hierarchical
multiple regression analyses were conducted separately for the
alcohol and placebo conditions (see Table 6). Premorbid IQ (as
estimated by the Spot-the-Word Test) was entered in Step 1 in
the analyses, episodic memory (past internal details) in Step
2, and executive functions in Step 3. The results suggest that
the variables in the overall model predicted significant vari-
ance in performance in both the alcohol (total R 2=0.25,F @,
55)=3.68, p=0.006) and placebo condition (total R 2=0.38,
F (5,57)=6.88, p<0.001). However, episodic memory was
the only variable that significantly contributed to EFT in the
alcohol and placebo condition in the final model.

Discussion

These data provide the first empirical assessment of the
capacity for EFT following the administration of a moder-
ate dose of alcohol, offering further novel insight into the

Table 5 Correlations between episodic future thinking and measures
of episodic memory and executive function, separately for the alcohol
and placebo conditions

Episodic future thinking

Alcohol condition Placebo
n=61 condition
n=63

Premorbid IQ —.10 .16
Episodic memory A45%* .60%*
Executive function
Cognitive initiation .14 30%
Inhibitory control 29% .03
Cognitive flexibility -.19 .04

*p<0.05, ¥p <0.01
Premorbid IQ as measured by the Spot the Word test
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Table 6 Hierarchical multiple
regression analyses predicting

Episodic future thinking

episodic future thinking from

Alcohol condition

Placebo condition

premorbid IQ, episodic memory n=61 n=63

and executive functions,

separately for the alcohol and Predictor AR? B (SE) p AR? B (SE) b

placebo conditions Step 1 o1 0
Premorbid 1Q —1.61 (2.09) —-.10 2.32(1.88) .16
Step 2 19%* 34
Premorbid 1Q -0.73 (1.91) —.05 0.27 (1.58) .02
Episodic memory 0.62 (0.17) 44k% 0.77 (0.14) .60%*
Step 3 .05 .02
Premorbid 1Q —1.14 (2.00) -.07 0.25 (1.75) .02
Episodic memory 0.56 (0.17) 40% 0.77 (0.15) 59%*
Inhibitory control 10.97 (9.73) .16 —3.95(8.48) -.05
Cognitive flexibility —0.19 (0.38) -.07 0.42 (0.40) 11
Cognitive initiation 0.20 (0.75) .04 0.27 (0.69) .05
Total R 2 25% 38k

“p<0.01, *¥p <0.001

Premorbid IQ as measured by the Spot the Word test

neurocognitive effects of acute alcohol consumption. Con-
sistent with predictions, the results showed that, relative to
the placebo condition, EFT was disrupted by a moderate
level of alcohol consumption, with significantly fewer epi-
sodic details generated by participants in the alcohol con-
dition when asked to imagine and describe a novel future
scenario. These data supplement and extend prior research
showing acute alcohol-related impairment in other aspects
of cognitive functioning (e.g. Day et al. 2015; White 2003)
by demonstrating that the capacity to imagine the self in the
future is also adversely affected.

It is also important to note that the production of fewer
episodic details in the future did not simply reflect a gener-
ally lower level of overall verbal output. The alcohol and pla-
cebo conditions did not differ in the total amount of details
produced when describing future events, but rather, only
differed on the types of details generated (i.e. internal vs.
external). Specifically, the alcohol condition produced more
non-episodic, external details than the placebo condition,
despite explicit instructions given in the administration of
the Al procedure to generate episodic content. As previously
noted, overproduction of non-episodic details is considered
indicative of error (Irish et al. 2011; Mercuri et al. 2015).

The identification of significant deficits in EFT following
levels of acute alcohol consumption that would not be con-
sidered particularly high in modern society has potentially
important practical implications. As noted earlier, EFT is
important for daily functioning, decision making and prob-
lem solving, allowing humans to assess potential dangers and
carefully plan any actions before performing them, thereby
reducing the risk of harm (Suddendorf and Corballis 2007).
Because EFT also plays a role in goal-oriented behaviour

@ Springer

and emotion regulation, any difficulties engaging in EFT has
the potential to cause motivational problems and irrational
behaviour. In the context of substance use, problems with
EFT may therefore present as increased risk-taking, mala-
daptive decision making, and a tendency to prioritise current
needs over future goals that may potentially be more ben-
eficial (Grant et al. 2000; Suddendorf and Corballis 2007).
Indeed, deleterious behaviours commonly associated with
alcohol intoxication include an increase in sexual risk taking,
aggressive behaviour and drink driving, all of which may be
caused and/or potentially reinforced by a reduced capacity for
EFT. In addition, many therapeutic techniques for the treat-
ment of alcohol use disorder require some degree of future
thought, such as goal setting and the weighing up of future
consequences. As a consequence, difficulties with EFT could
potentially jeopardise treatment progress and may present an
additional target for treatment. The current findings therefore
have potentially important implications for the treatment of
individuals with an alcohol use disorder.

The potential role of other acute alcohol-related
cognitive difficulties

The second key result to emerge was that the acute alcohol-
induced problems with EFT appear to at least partially reflect
broader problems with episodic memory. As predicted, and
aligning with considerable prior literature, participants in
the alcohol condition generated significantly fewer episodic
details when asked to describe a personal past event relative
to those in the placebo condition, indicating a deleterious
effect of acute alcohol consumption on episodic memory.
Additionally, a significant correlation was identified between
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episodic memory and EFT, with regression analyses show-
ing that episodic memory was the only cognitive variable to
significantly contribute to EFT (with this effect evident in
both the placebo and alcohol conditions). These results there-
fore provide evidence that the negative effects of acute alco-
hol consumption on episodic memory contributes to poorer
EFT. Thus, although they cannot directly speak to causality,
they are consistent with the constructive episodic simulation
hypothesis, which regards episodic memories as the basic
materials from which hypothetical future scenarios are built
(Addis et al. 2008; Buckner and Carroll 2007; Hassabis et al.
2007; Schacter and Addis 2007b; Schacter et al. 2017).

Equally important however, was the absence of any evi-
dence linking executive dysfunction to the negative effects
of acute alcohol consumption on EFT. In contrast to the
EFT deficit that emerged following acute alcohol use, the
capacity to complete all three executive function tasks was
preserved. Additionally, only one of the three executive
function measures were related to EFT in each condition,
and the specific measure was not consistent across the two
conditions. Regression analyses also showed that none of the
executive function measures predicted EFT performance in
the alcohol condition. Taken together, these data indicate
that the effects of acute alcohol consumption on EFT are
not underpinned by broader disturbances in executive func-
tion, or at least not the specific executive functions assessed
in the present study, at the dose of alcohol administered.
Given the noted importance of both dose and task complex-
ity in considering the effects of acute alcohol consumption
on cognitive performance, future research is now needed to
establish whether the same or a different pattern of results
emerges at higher concentrations of alcohol, or with differ-
ent executive function tasks such as those that more heavily
load specific executive operations (see e.g. Henry and Phil-
lips 2006). In addition, given that EFT has been argued to
involve a range of other cognitive abilities such as semantic
memory (Irish 2016; Irish and Piguet 2013), and relational
memory (Wiebels et al. 2020), future work should also con-
sider how these might be impacted by acute alcohol use and
potentially contribute to EFT impairment.

Finally, an exploratory component of this study was to
examine sex effects in EFT following acute alcohol admin-
istration. Interestingly, but consistent with past research
(Erol and Karpyak 2015; Fama et al. 2020; Mumenthaler
et al. 1999), women attained a higher BrAC level than men
even though they consumed an equivalent dose of alcohol
adjusted for body weight. However, despite this difference,
this did not translate to increased impairment in EFT per-
formance in women in the alcohol group. Rather, women’s
EFT performance in the alcohol group was comparable to
men in that group, indicating that the level of alcohol-related
impairment in cognition, at least in terms of EFT, does not
appear to be related to sex.

In conclusion, these data provide the first empirical evidence
that even a moderate dose of alcohol is sufficient to produce sig-
nificant impairment in EFT and shows that these difficulties are
related to the effects of acute alcohol consumption on episodic
memory, but not executive functioning, and the effects did not
vary as a function of biological sex. A potential limitation that
should be noted, and which may temper conclusions regard-
ing the functional relevance of executive functioning versus
episodic memory in contributing to EFT is that the executive
function measures were administered at a slightly lower BrAC
(BrAC=0.064) relative to when the episodic memory and EFT
tests were administered (BrAC=0.075). Steps should be taken
in future designs to ensure equivalence here. The results of
the present study could have important implications for indi-
vidual decision making and the treatment of individuals with
an alcohol use disorder, whilst also potentially furthering our
understanding of why deleterious behaviours are so common
under the influence of even moderate levels of alcohol. Further
research is now required to gain a more nuanced understanding
of exactly when and how EFT is compromised by acute alcohol
use by assessing additional cognitive and neural mechanisms
and at different levels of alcohol intoxication. Future research
would also benefit from examining the effect of emotional
valence on the ability to imagine the future under the influence
of alcohol. Finally, although not the focus of the present study,
future research should consider potential mechanisms that con-
tribute to external responses (i.e. errors) following alcohol use,
and in particular, the potential role of distraction or lack of focus
that often accompanies alcohol consumption.
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