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Objective The aim of this study was to compare performance measures after acute alcohol consumption (intoxication) with the performance the
day after a normal night’s drinking (hangover).
Methods Eighty-four social drinkers took part in two studies that followed a counterbalanced repeated measure design. Fifteen men and 33
women were tested the morning (09:00, 11:00 or 13:00 h) following normal/usual alcohol consumption and the morning after no alcohol
consumption; the order of testing was counterbalanced. In a second study, 36 participants (18 men and 18 women) were tested after receiving
alcohol to attain a blood alcohol concentration of 0.08%, and after no alcohol administration, the order of testing was counterbalanced. In
both studies, participants completed a task battery of memory, reaction time and attention tasks.
Results Alcohol had no effect on the free recall task and the spatial attention task. Alcohol consumption, either acute or the next day,
significantly affected reaction time, divided attention, selective attention and Stroop interference. The impairments during intoxication and
hangover were of comparable magnitude. Performance on tasks of delayed recognition and irregular interstimulus reaction time was worse
during hangover when compared with intoxication.
Conclusion It is evident that awareness needs to be raised that performance the morning after alcohol consumption is at the same level if not
worse than when participants are at the legal limit for driving (0.08% blood alcohol concentration). Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION

Alcohol consumption, both at acute levels and during
post intoxication when blood alcohol concentration
(BAC) has reached 0, is known to produce effects on
cognitive performance. There is a long history of
research examining the acute effects of alcohol on
mood and performance (for reviews, see Finigan and
Hammersley, 1992; Tzambazis and Stough, 2000;
Sullivan and Pfefferbaum, 2005). In contrast, it is only
recently that the next-day effects of alcohol have
attracted attention (for reviews, see Prat et al., 2008;
Stephens et al., 2008; Ling et al., 2010).
The cognitive and performance impairments due to

acute alcohol consumption have been extensively
investigated by using laboratory-based experimental
designs (for reviews, see Moskowitz and Robinson,
1987; Ferrara et al., 1994). Laboratory studies have
revealed that acute alcohol consumption results in

poorer memory performance (for reviews, see Curran
and Weingartner, 2002; White, 2003), impairment in
tasks of divided attention (Maylor et al., 1990) and
impaired executive functions such as planning and
decision making (Weissenborn and Duka, 2003; Geroge
et al., 2005). Most research on the residual alcohol
effects on cognitive performance has followed an
experimental design (for reviews, see Prat, et al., 2008;
Stephens et al., 2008; Ling et al., 2010; Verster et al.,
2010). Experimental studies induce hangover in a
laboratory setting and measure cognitive performance
the morning after, when BAC is zero. Laboratory
studies have revealed decreased performance in
attention (Myrstein et al., 1980; Roehrs and Roth,
2001; Howland et al., 2010; Rohsenow et al., 2010)
and skills related to driving and flying (Seppala
et al. 1976; Laurell and Törnos, 1983; Tornros and
Laurell, 1991; Verster, 2007). However, many other
laboratory-based studies have not observed any
next-day effects of alcohol on performance (Collins
and Chiles, 1980; Lemon et al., 1993; Chait and
Perry, 1994; Finigan et al., 1998; Rohsenow et al.,
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2006; Kruisselbrink et al., 2006). The absence of
impairment in these studies often can be explained
by a combination of easy tests of short duration and
various methodological shortcomings (discussed in
Verster et al., 2003; Verster, 2008).
More recently, attention has been directed towards

investigating alcohol in a naturalistic setting. It is impor-
tant to note that there are various differences between
controlled and naturalistic study designs and that these
differences may have an impact on study outcome
(Verster et al., 2010). Firstly, the amount and type of
beverage usually differ between the designs. Within
experimental investigations of the effects of alcohol, it
is usual that a fixed dose of alcohol is administered,
which may be adapted for gender and weight to realize
the same BAC level for each participant. Also, the type
of beverage and pace of drinking are usually controlled
by the investigator. The participants are not aware of
the specific quantity, and it could be argued that this loss
of personal control over quantity and beverage type
could obscure the subjective experience of alcohol
consumption. However, Myrsten (1971) revealed that
the self-reported ratings of subjective intoxication
closely resembled the measured BAC curve. Thus,
subjective awareness closely mirrors the changes result-
ing from increasing BAC. Numerous other studies,
which assessed the subjective state of intoxication, have
revealed that participants can differentiate between
alcohol and placebo or between different doses of
alcohol (e.g. Hamilton et al., 1984; Miller, 1984).
Successful deception is consistently reported with doses
up to 0.5mL/kg. Because of the known physiological
changes after alcohol consumption, it is difficult to
deceive participants that alcohol has been consumed
when in fact they have consumed a placebo. This raises
the issue of the expectancy effects of alcohol being as
strong as the effect of actual alcohol consumption.
Lyvers and Maltzman (1991) concluded that a balanced
placebo design investigating the effects of alcohol
cannot independently evaluate effects of both alcohol
and beverage instructions, when behaviourally signifi-
cant doses of alcohol are administered.
A secondmajor difference is that in naturalistic studies,

various factors that may have an impact on hangover
severity are not controlled by the investigator. For
example, participants are allowed to smoke, dance,
engage in other activities during drinking (e.g. playing
darts) and consume different types of alcoholic beverages
(with different congener contents) at their own drinking
rate. These factors have been shown to influence the
presence and severity of alcohol hangover symptoms
(Piasecki et al., 2010; Rohsenow et al., 2010; Verster
et al., 2010). Because these are all natural behaviours,

they are allowed in a naturalistic design. As a result,
these studies have a high ecological validity; that is, in
contrast to controlled laboratory studies, they accurately
reflect real life drinking.

Results from naturalistic studies

Lyvers and Tobias-Webb (2010) investigated executive
cognitive functioning in a social setting where alcohol
consumption was self-regulated. A relationship between
BAC and persisting errors in the Wisconsin Card
Sorting Test was observed. The effects of acute alcohol
consumption have also been investigated in the field;
two studies (Tiplady and Degia, 2004; Degia et al.,
2006) have used portable testing equipment at music
festivals where alcohol consumption is ubiquitous.
Degia et al. (2006) revealed that alcohol impaired
divided attention and sustained attention. Tiplady and
Degia (2004) observed overall impairment on the hand-
held two-choice tester, which is a prototype tester for
detecting driver impairment at the roadside.
As with the investigation of acute alcohol consump-

tion, attention has been directed towards investigating
the effects of a naturally occurring hangover. Naturalistic
studies have investigated the next-day effects of alcohol
consumption, when the alcohol consumption (quantity,
pace and environmental setting) has been under personal
control (Mc Kinney and Coyle, 2004; Finnigan et al.,
2005; Mc Kinney and Coyle, 2006). The findings reveal
poorer memory, psychomotor performance and attention
the morning after alcohol consumption.
To the authors’ knowledge, there are no direct com-

parisons of the acute and next-day effects of alcohol
consumption on performance. Therefore, the present
study was designed to facilitate a direct comparison
between performance when participants have consumed
a quantity of alcohol to raise their BAC to the legal limit
for driving (0.08%) and the naturally occurring next-day
effects of a ‘usual’ night’s alcohol consumption. On the
basis of previous research, it is expected that during the
alcohol conditions (either acute or the next day), perfor-
mance will be significantly worse than when in the no
alcohol state. However, it is not known if performance
with a BAC of 0.08% will differ from performance
during the morning after a normal night’s drinking,
when BAC is zero.
Alcohol hangover develops after excessive drinking

when BAC returns to zero and is characterised by a
range of symptoms (i.e. thirst, fatigue, drowsiness,
nausea and headache). In the present Design and Results
sections, ‘hangover’ is used simply to refer to the
morning after a normal night’s alcohol consumption
and not the hangover state per se.
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METHOD

Participants

A total of 84 healthy volunteers were recruited for the
study. Forty-eight volunteers (15 men and 33 women)
were allocated to the next day ‘hangover’ study, and
36 volunteers (18 men and 18 women) were allocated
to the acute study. Volunteers were non-pregnant
social drinkers who drank on average six units 2.5 times
per week. Participants were free to terminate the study
without reason at any time. All participants were
students recruited from the University of Ulster student
accommodation building. Testing also took place in
their accommodation building; hence, participants did
not have to travel to the testing venue. Participants were
given both written and verbal information about the
nature of the study, and written informed consent was
obtained. The study was approved by the research ethics
board of the University of Ulster and was carried out in
accordance with the Helsinki Declaration.

Design

Study 1. Each participant was tested twice; they carried
out tasks the morning after a normal night’s drinking
(hangover) and the morning after no alcohol consump-
tion. The two sessions were approximately one week
apart, and the order of testing was counterbalanced.
Study 2. Each participant was tested after consuming

alcohol to attain a BAC of 0.08% and also tested with
no alcohol, neither hangover nor acute. The two sessions
were approximately one week apart, and the order of
testing was counterbalanced.
Participants in both studies were randomly allocated

to an order of testing and a time of testing (09:00,
11:00 or 13:00 h). Time of testing was not expected to
impact on the acute alcohol testing but was held constant
between the acute and hangover study where testing in
the morning was considered to be an important factor.
BAC reaches zero around 08:00–11:00 h after consum-
ing the amount of alcohol required for a hangover state
to be experienced (Chapman, 1970; Ylikahri, et al.,
1974; Rohsenow, et al., 2010). Participants in the
present post intoxication study were required to stop
drinking at 02:00 h, the first testing session occurred
8 h after alcohol consumption ended (09:00–10:00 h)
and the last group were tested 11 h after the cessation
of alcohol consumption (13:00–14:00 h).
The studies followed a mixed-factor, counterbalanced,

repeated measures design with test condition (hangover/
acute) and order of testing, either acute or hangover/no
alcohol versus no alcohol/either acute or hangover, and
time of testing (09:00, 11:00 or 13:00 h) as between-
participants factors. The factor of state, alcohol condition

(either acute or hangover) versus no alcohol condition,
was a within-participants factor.

Procedure

Pretesting requirements. Participants were required to
consume no alcohol for the 24 h preceding testing for
the acute session and the no alcohol sessions. On all test-
ing days, participants were required to eat their breakfast
of choice at 08:00 h and not to consume any caffeinated
beverages. When participants arrived for their test
session, they confirmed compliance with the pretesting
requirements. Following this, participants’ blood alco-
hol levels were recorded using a Lion breath alcohol
meter (Lion Laboratories Limited, Barry, UK), which
had been calibrated prior to the study.

Hangover group. For the hangover session, partici-
pants informed the researcher on the day they intended
to drink alcohol, and arrangements were made for
testing the following morning. The counterbalanced
repeated measures design used a naturalistic drinking
environment to facilitate the investigation of partici-
pants’ usual volume of consumption of preferred
beverage in the chosen company. Participants were
requested to consume their usual quantity and type
of alcoholic drink between 22:00 and 02:00 h and to
eat no food after alcohol consumption.

Acute study. The acute alcohol session began with the
participant drinking vodka mixed with chilled, caffeine-
free, diet Coke. The calculated quantity of ethanol
administered was based on total body water, according
to Watson et al. (1981). The drinks were made up of
2.13mL vodka (37.5% alcohol by volume) per litre
body water mixed with caffeine-free diet coke to a
volume of 500mL. The participants were instructed
to finish the drink within 10min. When the drink
was finished, each participant completed a set of
questionnaires. Approximately 20min after the drink
was completed, and prior to the first computerised task,
a breath reading was taken. Subsequent breath readings
were obtained at approximately 10-min intervals.

Task battery of subjective and objective measures.
The participants completed questionnaires on demo-
graphic information, drinking practices, hangover signs
and symptoms (Myrstein et al., 1980), hangover experi-
ences (Newlin and Pretorius, 1990), and sleep quality
and quantity (in hours). Questionnaires assessing mood
(Herbert et al., 1976), anxiety (Spielberger et al.,
1970), perceived stress (Cohen et al., 1983), cognitive
interference (Sarason et al., 1986) and extroversion
(Eysenck Personality Inventory, 1963) were also

acute and hangover alcohol performance
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completed. Following the completion of the question-
naires, a battery of tasks, memory (immediate and
delayed recall), reaction time, divided attention, selec-
tive attention, spatial attention and Stroop interference,
were administered in a standard order.

Memory tasks. For the free recall task, 20 words, selected
from cluster 7 of the Handbook of SemanticWord Norms
(Toglia and Battig, 1978), were presented on a computer
screen. Participants wrote down as many of the words as
they could remember. The delayed recognition task,
which was presented 60min after the free recall task,
comprised a list of 40 words, consisting of the 20 free
recall list, previously presented, among 20 distracters.
Participants were required to indicate any word that
had been presented on the computer screen at the start
of the task battery. The participants were given different
word lists on each test occasion.

Reaction time tasks. The two simple reaction time tasks
required participants to respond, by pressing the space
bar, as quickly as possible when an ‘X’ appeared in
the centre of the screen. In the regular reaction time task,
the five blocks of 10 stimuli had a constant interstimulus
interval of 2000ms. In the irregular condition, the
interstimulus intervals had increments of 500ms within
the range of 500–5000ms. The 10 different interstimu-
lus intervals were equally represented and randomized
within each of the five blocks.

Attention tasks

Divided attention task (Tedstone and Coyle, 2004).
Single digits were presented at a rate of 600ms/item
in the centre of the screen. The participant was required
to respond to two even digits appearing consecutively
and a solid square that randomly appeared in four posi-
tions (directly above, below, left and right) around the
centrally positioned number task.

Selective Attention Test (Eriksen and Eriksen, 1974).
The Eriksen Flanker Test was used as a selective atten-
tion task (Eriksen and Eriksen, 1974). The targets and
distracters comprised the letters A and B, and
distracters were compatible or incompatible with the
target. The flankers appeared near (1.0 cm, 0.6� visual
angle) the target or far (3.4 cm, 1.9� visual angle) from
the target. Participants responded to the target by
pressing the key ‘A’ for target A and the key ‘L’ for
target B. At the beginning of each trial, the word
‘READY’ appeared in the centre of the screen. After
1000ms, three asterisks appeared, indicating the
position of the target and non-target. Following 500ms,
the spatial priming cues were replaced with the target

and non-targets, which remained on screen until the
participant made a response or the time limit of 2000ms
was reached.

The Stroop Test (Stroop, 1935). The Stroop Test was
used to measure selective attention (Stroop, 1935). In
this task, the word–colour card and colour–word card
consist of a 4� 28 matrix of words printed in incongru-
ous colours (e.g. ‘red’ printed in blue ink). The response
to the word–colour card is to read aloud the word; in
contrast, the response to the colour–word card is to read
aloud the colour of the ink the colour word is written in.
The time taken to read the last 100 items on each card
was recorded.

Spatial attention task (Broadbent et al., 1989). This
task was developed by Broadbent et al. (1989) to
measure aspects of selective attention and choice
reaction time. Each trial started with the appearance of
the word ‘READY’, which remained on the screen for
1000ms. This was replaced by two asterisks (priming
cues) spaced either 2.04 or 5.20 degrees apart. Follow-
ing 500ms, the spatial priming cues were replaced.
One of the target letters, A or B, was presented alone
in half the trials and was accompanied by the digit 5 in
the other half. The participant did not know which of
the asterisks the target would replace. Participants
responded to the target by pressing the appropriate
key. A left hand key press of the ‘A’ key was required
for target A. A right hand key press of the ‘L’ key for
the letter B. Half the trials led to compatible responses
(i.e. the letter A on the left of the screen or the letter B
on the right of the screen), whereas the others were
incompatible (i.e. the letter A on the right of the screen
or the letter B on the left of the screen). In half the trials,
the priming cues were close together (2.04 degrees
apart), and in the other half, the priming cues had a far
spacing (5.20 degrees apart). Ten blocks of eight trials
were presented.

Statistical analysis

Statistical analyses were performed using SPSS statistical
Package (version 17). Analysis of variance for repeated
measures was conducted to test for significant differ-
ences. The between-participants factors were alcohol
group (laboratory-induced acute or naturalistic-induced
hangover) and order of testing (alcohol (either acute or
hangover)/no alcohol, no alcohol/alcohol (either acute
or hangover)), and the repeated measures factor of State
(alcohol condition (either acute or hangover) versus no
alcohol condition) were tested for significance. Only
main effects and interactions with alcohol group and
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state were considered. The reported number of drinks
was converted to units by the researcher.

RESULTS

The sample of participants in the acute intoxication
group did not differ significantly from the sample of
participants in the hangover group on age and drinking
characteristics (Table 1).
None of the personality scales revealed significant

differences between the two groups, except for extrover-
sion (t(69) = 2.07, p< 0.05) acute group mean 15.12,
SD 3.14 and hangover group mean 13.59, SD 3.05.
Partial correlational analysis revealed no relationship
with any measure of task performance in the task battery.

Blood alcohol concentration after controlled
administration of alcohol

Themean peak BACwas 40.73mg/dL (SD 11.63) with a
range of 25–65, that is, 0.081% BAC. The mean time to
consume the beverage, 13.14min (SD 5.69) with a range
of 5–35min, was longer than the requested 10min per
drink. However, drink time was not significantly
correlated with the peak BAC obtained (r=�0.015,
p> 0.05) and will not be considered further. No gender
differences were observed between time taken to
consume the beverage (t(34) = 1.714, p> 0.05) and peak
BAC (t(31) =�0.722, p> 0.05).

Hangover group

The night before testing, participants drank on average
11.84 (SD 7.72) units of alcohol (range 3–24.5 units).
Men reported consuming on average 14.7 (SD 3.76)
units, and females, 10.5 (SD 7.14) units the night
before testing. All BACs were zero the morning after
participants’ normal alcohol consumption, except for
two participants who had low readings of 50mg/L on
arrival. Participants allocated to the three testing times
and two orders did not differ on units per occasion and

units consumed the night before testing; these drinking
variables did not differ between men and women.
Participants reported their sleep as being less satisfy-
ing, less restful and less refreshing the morning after
alcohol consumption; there was no difference in how
good or how deep participants found their sleep the
morning after alcohol consumption (see Mc Kinney
and Coyle, 2006). Each sleep quality index obtained in
the hangover and no hangover conditions was entered
into a bivariate correlation with the performance mea-
sures. This failed to reveal any significant relationship
between reported sleep quality and performance on
tasks. The quantity of sleep the night before both testing
sessions failed to show any relationship with any aspect
of performance on the cognitive tasks.

Analysis of alertness and tranquillity

The participants were significantly (F(1, 76) = 48.16,
p< 0.001) less alert the morning of the alcohol session
(either acute or hangover), mean 561.19 (SD 188.11),
compared with the morning of the no alcohol condition,
mean 375.21 (SD 180.58). The main effect of alcohol
group (acute versus hangover) reached significance
(F(1, 76) = 10.06, p< 0.001) as did the interaction
alcohol group by alcohol condition (F(1, 76) = 17.17,
p< 0.001), indicating that participants were signifi-
cantly less alert during the morning after a normal
night’s drinking (mean 640.00, SD 160.42) compared
to the rising limb of the blood alcohol curve (mean
442.97, SD 164.65).
The participants were significantly (F(1, 75) = 9.05,

p< 0.01) less tranquil the morning of the alcohol
session (either acute or hangover) (mean 224.62, SD
110.01) compared with the morning of the no alcohol
condition (mean 173.20, SD 89.5). The main effect
of alcohol group (acute versus hangover) reached
significance (F(1, 75) = 7.54, p< 0.01). The signifi-
cant interaction of alcohol group by alcohol condition
(either acute or hangover) (F(1, 75) = 14.82, p< 0.001)

Table 1. Age and drinking variables of participants allocated to either the acute alcohol group or the hangover group

Acute alcohol group Hangover group t value
(N= 36) (N= 48) p value

Mean (SD) Mean (SD)

Age 24.50 (5.77) 23.38 (5.26) 0.93
p= 0.35

Frequency of alcohol consumption per week 2.47 (0.654) 2.42 (0.647) 0.88
p= 0.69

Usual quantity of alcohol per occasion 5.82 (2.73) 5.37 (2.27) 00.52
p= 0.61

Hangover experience 33.03 (10.901) 33.73 (8.15) �0.34
p= 0.74

acute and hangover alcohol performance
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indicates that participants were significantly less alert
during the morning after a normal night’s drinking
(mean 263.35, SD 103.141) compared with when at
acute alcohol intoxication (mean 164.65, SD 93.16) or
no alcohol conditions.

Cognitive and psychomotor tests

An overview of the results is presented in Table 2.

Memory tasks

The results of the free recall task revealed no significant
differences between the no alcohol session and the
alcohol sessions nor any differences between acute
versus hangover.
Performance on the delayed recognition task revealed

a significant main effect of alcohol (F(1, 80) = 10.16,
p< 0.005, �2 0.113), indicating poorer recognition in
the alcohol condition (mean 13.00, SD 3.036) compared
with the no alcohol condition (mean 14.11, SD 3.00).
The significant main effect of alcohol group (acute
versus hangover) (F(1, 80) = 6.04, p< 0.01, �2 0.07)
indicates higher recognition in the acute group (mean
14.25, SD 2.54) compared with the hangover alcohol
group (mean 12.82, SD 2.67). The lack of interaction
between alcohol group and alcohol condition, when
the two main effects reached significance, may indicate
group differences. To elucidate this, the difference
between the acute and hangover groups was further

analysed by looking at the difference between the
alcohol-related performance and the no alcohol-related
performance and comparing the acute participants with
the hangover participants.
Analysis of the difference scores (acute intoxication—

acute group no alcohol performance) versus (hangover
— hangover group no hangover performance) revealed
no significant difference, t(82) = 0.219, p> 0.05.

Reaction time tasks

Results from the regular reaction time task are depicted
in Figure 1. Performance on the regular interstimulus re-
action time task revealed significantly (F(1, 79) = 8.98,
p< 0.005, �2 0.102) slower reaction time when in the
alcohol condition (either hangover or acute intoxica-
tion), mean 267.66 (SD 6.46), compared with the no
alcohol condition, mean 249.10 (SD 4.34). The main
effect of alcohol group (F(1, 79) = 12.46, p= 0.001, �2

0.136) reached significance, indicating slower reaction
time for the hangover group (mean 274.48, SD 49.10)
compared with the acute group (mean 242.29, SD
25.58). The interaction of alcohol condition and alcohol
group (F(1, 79) = 4.02, p< 0.05, �2 0.048) revealed
that reaction times were significantly (t(70.57) = 3.74,
p< 0.001) slower in the morning after naturalistic
alcohol consumption (mean 311.95, SD 82.69) com-
pared with the laboratory-induced acute consumption
(mean 261.20, SD 38.89).

Table 2. Results of the cognitive and psychomotor tests

Comparing the alcohol state
with the no alcohol state

Comparing the acute state
with the hangover state

Alcohol condition
(either acute or hangover) No alcohol condition

F value
significance level Hangover Acute Hangover/acute

N= 84 N = 84 N= 48 N= 36
Task Mean (SE) Mean (SE) Mean (SE) Mean (SE)

Delayed recognition 13.00 14.07 10.16** 12.82 14.25 6.05*
(0.34) (0.32) (0.38) (0.44)

Regular interstimulus reaction time 286.90 262.11 10.98*** 293.51 255.45 13.58**
(7.61) (4.83) (6.79) (7.76)

Irregular interstimulus reaction time 360.52 333.00 14.92*** 352.82 340.70 ns
(7.47) (4.19) (6.42) (7.41)

Stroop 76.46 73.62 8.02** 74.16 75.95 ns
(1.28) (1.37) (1.57) (1.90)

Divided attention 487.87 476.25 4.33* 486.21 477.92 ns
(6.48) (6.15) (7.25) (8.71)

Selective attention state� distance 467.90 450 4.27* – – ns
(73.08) (72.14)

Comparing the alcohol condition (either acute or hangover) with the no alcohol condition and comparing acute with hangover when there was a significant
difference due to alcohol (either acute or hangover).
*p< 0.05, **p< 0.01 and ***p< 0.001.

a. mckinney ET AL.
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Analysis of the mean irregular reaction time also
revealed a main effect of alcohol (F(1, 80) = 14.92, p
0.001, �2 0.157), indicating slower reaction time when
in the alcohol condition (either hangover or acute intox-
ication), mean 360.52 (SD 69.53), compared with the no
alcohol condition, mean 333.00 (SD 38.85). Hangover
and acute performance did not differ in this task.

Attention tasks

The results of the spatial attention task revealed no
significant differences between acute versus hangover,
nor any differences between the no alcohol session and
the alcohol session.

Divided attention

The divided attention task yielded a main effect of
alcohol (F(1, 74) = 4.33, p< 0.05, �2 0.055), revealing
slower reaction time in the alcohol condition, mean
488.81 (SD 56.27), compared with the no alcohol
condition, mean 476.67 (SD 54.05). Hangover and
acute performance did not differ in this task.

Stroop

Results indicated a significant main effect of alcohol
condition (no alcohol/alcohol (acute or hangover)),
F(1, 77) = 8.02, p< 0.01, �2 0.094. The no alcohol
condition (mean 73.04, SD 12.97) was significantly
faster than the alcohol condition (mean 76.27, SD
11.80). The first-order interaction of alcohol by Stroop
(F(1, 77) = 5.708, p< 0.05, �2 0.102) indicates that
alcohol had no effect on the reading task (p> 0.05)
but caused a slowing of the colour word task (t(80)
=�3.36, p< 0.001). Performance did not differ
between acute and hangover states.

Selective attention task

The observed alcohol� distance interaction (F(1, 74)
= 4.27, p< 0.05, �2 0.055) revealed that alcohol
consumption (both acute and hangover) caused signif-
icantly (t(77) =�2.234, p< 0.05) slower response to
far distractors (mean 467.90, SD 73.08) compared
with the no alcohol condition (mean 450.50, SD
72.14) as illustrated in Figure 2. The difference did not
reach significance for the near distractors (Figure 2.)
Performance during acute intoxication did not differ
from performance the morning after a normal night’s
drinking on this task.

DISCUSSION

This study showed that performance impairment during
alcohol hangover, when BAC has returned to zero, is
similar to the effects seen with a BAC of 0.08%, the
UK legal limit for driving a car. Cognitive and psycho-
motor performance is similarly impaired after both acute
alcohol consumption and post alcohol consumption the
morning after a normal night’s drinking. The strength
of the current study was the explicit comparison of acute
and next day performance on memory, reaction time and
tests of attention. The results indicate that different types
of tasks are differentially sensitive to alcohol; however,
the effects are similar during both the acute and
hangover states. In the present study, the same pattern
of deficits emerged for both the state of acute intoxica-
tion and during the morning after a normal night’s
alcohol consumption on tasks of attention. Acute and
next day performance differed from each other on the
delayed recognition task and in the regular interstimulus
interval task, with next day performance being more
affected than acute.

Alcohol condition 
No alcohol 
condition 

Figure 2. The mean reaction time for response to target flanked with near
and far distractors in both the alcohol and no alcohol conditions

Figure 1. The mean reaction time (ms) for the regular interstimulus reac-
tion time task, during the alcohol and no alcohol conditions, for both the
acute and hangover alcohol groups
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The detrimental effects of alcohol on memory, vigi-
lance, attention and planning capacity are well estab-
lished (Maylor et al., 1990; Curran and Weingartner,
2002; Weissenborn and Duka, 2003; White, 2003;
Geroge et al., 2005); in contrast, the next-day effects
of alcohol are less clear. Affectation has been observed
in more recent studies (Verster, et al., 2003; Mc Kinney
and Coyle, 2004; Finnigan et al., 2005; Mc Kinney and
Coyle, 2006); however, no impairment has also been
observed (Bowden, Walton, and Walsh, 1988; Lemon
et al., 1993; Chait and Perry, 1994; Finigan et al.,
1998; Rohsenow et al., 2006). In these studies, there
exist several methodology differences, including dose
of ethanol administered, time of cognitive function
assessment after ethanol consumption and task used.
The present study employed a naturalistic design and
observed that the real life hangover results in the same
performance decrements as observed when at the legal
limit for driving on tasks of reaction time, divided
attention, selective attention and Stroop interference.
Tasks that indicated performance at a lower level

during the morning after alcohol consumption compared
with when at the legal limit for driving were a simple
reaction time task and a delayed recognition task. The
reaction time tasks employed in the present investigation
were employed by Smith et al. (1995). The results
obtained in the present study support the findings of
Smith et al. (1995) in that the irregular interstimulus task
was sensitive to the effects of acute alcohol and the
regular interstimulus task was not; however, the present
study revealed that the regular interstimulus task was
also sensitive to the next-day effects of alcohol. The
second task that showed a differential effect between
acute and next day performance was the delayed recog-
nition task. It was observed that alcohol had no effect on
the immediate free recall task but had a detrimental
effect on the delayed recognition task. This supports
and extends the findings that intoxicated subjects are
typically able to repeat new information immediately
after its presentation (see Ryback, 1971, for an early
review). In contrast, alcohol impairs the ability to store
information across delays longer than a few seconds if
they are distracted between presentation and testing
(for a review, see White, 2003). The present results are
in line with those of other alcohol hangover studies that
failed to find significant impairment on tests of immedi-
ate free recall (Chait and Perry, 1994; Verster et al.,
2003) but observed an effect on delayed recognition
(Verster et al., 2003), thus suggesting that both hang-
over and acute alcohol intoxication have similar effects
on the stages of memory processing, alcohol primarily
affects the transfer of information from short-term to
long-term memory and this process is disrupted more

during the morning after alcohol consumption compared
with when at a BAC of 0.08%.
The present study found no significant relationship

between sleep the night before and performance on tasks
of memory, attention and reaction time. This can be seen
to support the finding by Rohsenow et al. (2010) that
alcohol effects on sleep correlated with hangover but
did not mediate the effects on performance.
A potentially significant limitation of the present

study is the use of standardized psychological tasks
that may not translate to the real world. There is a need
to compare the acute and hangover effects on tasks
related to real world activities such as driving and
on-the-job performance. There is also the issue of
expectancy effects that needs to be taken into consid-
eration in all alcohol research. The present study
employed non-blind testing to facilitate as natural
an investigation as possible. In hangover research,
achieved BAC levels are of such magnitude that blind-
ing is very difficult because subjects are familiar with
and will experience at least some alcohol intoxication
effects. It is, therefore, a matter of debate: is adequate
blinding wanted or needed (Verster et al. 2010). The
present paper was not concerned with gender differ-
ences, but rather was high in ecological validity and
investigated cognitive and psychomotor performance
of both men and women as experienced the morning
after a normal night’s drinking in comparison with
performance on the same tasks when at peak blood
alcohol. It may be of interest to future research to
investigate any gender differences in performance due
to the habitual alcohol consumption levels that appear
to be increasing for women to a similar level as men.
There is the issue that impulsive personality traits are
related to performance on tasks of executive functions
(Dolan, Bechara and Nathan, 2008) and that impulsivity
may be one factor in the experiences of hangover, possi-
bly because impulsive individuals are less adept at
regulating their drinking (Field et al., 2010; Robertson
& Piasecki, 2011) and subsequently consume larger
amounts of alcohol. The use of naturalistic designs in
investigating alcohol-related performance should take
these personality characteristics into account especially
when investigating executive function.
In conclusion, the effect on cognition during naturalis-

tic hangover appears to have a similar pattern as those
observed at acute alcohol consumption to the level
allowed to drive a car. Thus, there is a need to raise
awareness that the performance decrements evident at
acute alcohol intoxication may last beyond the period
in which alcohol is detectable in the breath and that
caution should be taken when in the hangover state
and carrying out everyday tasks ( e.g. driving a car).

a. mckinney ET AL.
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