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The central nervous system (CNS) effects of acute alcohol administration have been frequently assessed. Such studies often use a wide
range of methods to study each of these effects. Unfortunately, the sensitivity of these tests has not completely been ascertained. A
literature search was performed to recognize the most useful tests (or biomarkers) for identifying the acute CNS effects of alcohol in
healthy volunteers. All tests were grouped in clusters and functional domains. Afterwards, the effect of alcohol administration on these
tests was scored as improvement, impairment or as no effect. Furthermore, dose–response relationships were established. A total
number of 218 studies, describing 342 different tests (or test variants) were evaluated. Alcohol affected a wide range of CNS domains.
Divided attention, focused attention, visuo-motor control and scales of feeling high and of subjective drug effects were identified as
the most sensitive functional biomarkers for the acute CNS effects of alcohol. The large number of CNS tests that are used to determine
the effects of alcohol interferes with the identification of the most sensitive ones and of drug–response relationships. Our results may
be helpful in selecting rational biomarkers for studies investigating the acute CNS effects of alcohol or for future alcohol- interaction
studies.

Introduction

Ethyl alcohol, or ethanol causes dose-dependent central
nervous system (CNS) depression, which culminates in a
state of general unconsciousness at high plasma concen-
trations [1]. Prior investigations indicate that the predomi-
nant mechanism of CNS depression involves selective
alcohol interactions with ion channels that include allos-
teric enhancement of inhibition mediated by gamma-
aminobutyric acid A (GABA-A) receptors, antagonism of
excitation by N-methyl-D-aspartic acid (NMDA) glutamate
receptors and possibly inhibition of central L-type Ca2+

channels [1, 2]. Although alcohol is classified as a sedative
drug, it can also have stimulant effects [1, 3, 4]. The
concentration- and time-dependence of its inhibitory and
stimulatory properties in humans have not yet been fully
elucidated, partly due to the complicated and variable
pharmacokinetics of alcohol, but also to the lack of stan-
darized tests for the CNS effects of ethanol.

Alcoholic beverages are used commonly and world-
wide [5]. The CNS effects of acute alcohol administration

have been frequently quantified and a wide range of
methods are used in such studies to study the different
effects of alcohol. The sensitivity of these tests to the
effects of alcohol has often not been completely ascer-
tained, and concentration– or dose–effect relationships
have only rarely been systematically reported. An overview
of the sensitivity and dose–responsiveness of different
CNS tests to the effects of alcohol would be useful for
future studies focusing on acute alcohol effects or drug–
alcohol interaction studies, and would constitute a useful
collection of tests to evaluate the acute effects of alcohol
on the CNS.

A biomarker is described as a characteristic that is mea-
sured and evaluated as an indicator of normal or patho-
logic biological processes or pharmacologic responses to a
therapeutic intervention [6]. A biomarker can be any
response measure that shows a clear, consistent response
to meaningful doses, across studies from a sufficient
number of different research groups. A dose–response
relationship and a plausible relationship between the
biomarker and the pharmacology of alcohol provide
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indications that a biomarker reflects pharmacological
activity. Previously, these criteria were used to evaluate
the usefulness of CNS-tests (or functional biomarkers) for
the effects of antipsychotic drugs [7], benzodiazepines
[8], selective serotonin re-uptake inhibitors (SSRIs) [9],
3,4-methyleendioxymethamfetamine (MDMA) [10] and
D9-tetrahydrocannabinol (THC) [11] in healthy subjects. In
general, these systematic reviews showed that only a small
number of tests actually display proper characteristics for a
meaningful effect biomarker, that these tests differ
between the various drug classes, and that most of these
biomarkers belong to a small number of functional CNS-
domains: attention, memory, visuomotor and motor
performance, subjective effects and certain neurophysi-
ological tests (eye movements, electroencephalography).
In addition, some drug classes cause specific neuroendo-
crine responses.

In an attempt to structure and subsequently evaluate
the wide diversity of functional biomarkers for the CNS
effects of ethanol, an extensive literature search was per-
formed. Because of an apparent lack of standardization
between the studies (even for the same tests), a structured
procedure, described previously, was adopted, which
includes progressive condensation of the tests into clus-
ters of related tests and into domains of CNS functions,
prior to the analyses [7–11]. The criteria mentioned for
meaningful biomarkers were eventually applied to the
results. All effects of alcohol other than on the CNS (e.g.
on the liver) were excluded, except neuro-endocrine
responses.The primary objective of the current review is to
present a systematic overview of the usefulness of the dif-
ferent CNS tests described in the literature, which allow a
reliable assessment of the acute CNS effects of alcohol in
healthy adult volunteers. Accurate tests to measure the
acute effect of alcohol on the CNS are vital when the effect
of alcohol in combination with a CNS drug is being studied.
The results of this review may also be useful to select ratio-
nally sensitive CNS test for drug–alcohol interaction
studies, which are often required for registration of new
CNS drugs.

Methods

Structured literature evaluation
‘Ethanol’ (MeSH),‘effect’ and ‘CNS’ were used as pivotal key-
words to construct a MedLine search. This search included
a large number of studies that were irrelevant for the spe-
cific primary objective of this review. Therefore, a wide
range of specific CNS functions was added to these key-
words to ensure a comprehensive CNS effect profile. Sub-
sequently, inappropriate terms (e.g.‘in vitro’, ‘withdrawal’ or
‘deaths’) were excluded from the search by using the ‘NOT’
search option.To obtain a manageable data-set, the search
was limited to‘adult: 19–44 years’,‘English’,‘publication date

from 1980 to 2008’ and ‘humans’. The complete search
query, which yielded 1263 publications, is provided in
Table 1.

All publications obtained using this strategy under-
went a thorough selection process. Initially, all articles were
manually screened by title. Articles with irrelevant titles,
given the selected search terms were discarded. Remain-
ing articles were carefully studied and those that did not
comply with the main objectives of this review (e.g. studies
describing chronic alcohol effects) were discarded. In addi-
tion, studies investigating alcohol effects under specific
artificial circumstances or conditions (e.g. sleep restriction,
hypoxemia or anxiety paradigms),and studies dealing with
more drugs or substances than alcohol alone (i.e. interac-
tion studies), were not selected for further analysis, even if
part of the design complied with the requirements of this
review. Also, studies investigating a specific group of sub-
jects other than regular healthy adult volunteers (e.g.
heavy drinkers, patients or certain professionals) were dis-
regarded. Studies in which such populations were dis-
cussed have been excluded from our analysis, as in our
opinion such populations exhibit different responses to
similar doses of alcohol compared with ‘healthy volun-
teers’ and thus may negatively bias our results (e.g. pilots
are supposed to have faster baseline reaction times in tests
that measure reaction time speed and alcoholics probably
show less effects in studies measuring subjective effects).
Thereby, we only excluded tests that were also frequently
reported in healthy volunteers (but with different results)
rather than tests that were specifically used in these special
populations. Furthermore, studies with fewer than 12 par-
ticipating healthy volunteers were also disregarded.
Finally, papers that only mentioned the dose of alcohol
instead of the blood alcohol concentration (BAC) or the
equivalent breath alcohol concentration (BrAC) were
excluded, since these studies are less suitable for accurate
analysis of the relationships between alcohol levels and
effects.

Table 1
Search query

Search query

(effect OR effects) AND (‘ethanol’[MeSH] NOT (patient OR patients OR
genetic OR genetics OR disease OR diseases OR preclinical OR ‘in vitro’
OR death OR deaths OR traffic OR law OR laws OR injury OR injuries
OR hangover OR withdrawal OR chronic OR sexual OR sexuality OR
aggressive OR aggression OR MRI OR fMRI)) AND (‘central nervous
system’[MeSH] OR neurophysiology OR neuroendocrine OR
neuropsychology OR subjective OR behaviour OR cognitive OR
cognition OR performance OR executive OR attention OR visuomotor
OR psychomotor OR motor OR memory OR sensory OR auditory OR
visual OR language OR perception)

limits: entry date from 1980 to 2008, humans, English, adult: 19–44
years
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At the end of this process, 218 titles were found eligible
for review, which were subsequently evaluated based on
the items summarized in Table 2.The results were captured
into a Microsoft Excel® database. During this process
the effect of alcohol on every individual test was scored,
tests were grouped and alcohol concentrations were
categorized.

Individual test results
Based on previous reviews [7–11], it was anticipated that in
most cases no consistent quantitative results could be
obtained from individual tests, because of the large diver-
sity of methods, parameters and treatments.Therefore, the
ability of a test to detect a statistically significant difference
from placebo or baseline was scored as ‘+’ (improvement/
increase), ‘=’ (no significant effect) or ‘–’ (impairment/
decrease). Subjective assessments of effects that were
signs of improved CNS function or that most users would
consider pleasurable (e.g. increase of a high or drug effect
scale) were scored as an improvement/increase and symp-
toms of CNS depression or less desirable, adverse effects
(e.g. increase of sedation or reduction of alertness) as an
impairment/decrease. For physiological responses like
changes in hormone concentrations or EEG power a func-
tional interpretation was not always obvious, and these
results were scored as increases (+), decreases (-) or as no
change (=), according to the direction of the reported
effects. The total numbers of (+) (-) and (=) were deter-
mined within each cluster and percentages were calcu-
lated. Afterwards, these percentages were visually
inspected to detect whether alcohol mainly impaired,
improved or had no effect on a certain cluster. Subse-
quently, the sensitivity of each domain to alcohol was

evaluated by inspection of the number of clusters within a
certain domain that was clearly affected by alcohol.

Some studies explicitly reported the use of several dif-
ferent tests in the methods section, without presentation
of the results, for no apparent reason such as a separate
publication. To avoid bias due to under-reporting of nega-
tive results, it was assumed that these tests had not shown
any significant effects and were scored accordingly. In
some studies with different drug doses, overall significan-
ces were reported for drug effects,without (post hoc) quan-
tifications of the statistical significance levels for each
individual dose. In these cases, efforts were made to esti-
mate the individual dose effects from graphs or tables pro-
vided in the article. If this was impossible, only the largest
average effect was assumed to be significant (in case of
overall statistical significance) and smaller effects were
considered non-significant.

Grouping of individual test results
Because of an apparent lack of standardization between
the studies even for the same tests, a structured procedure
was adopted as described previously [7–11] in order to
obtain a meaningful overview. This approach allowed the
preservation of individual study data in early stages, fol-
lowed by a progressive condensation of results into logical
test clusters and functional (CNS) domains. For example, all
tests that determine the ability to discriminate flash- or
flicker frequencies were grouped as the test cluster flicker
discrimination and were subsequently categorized under
the corresponding CNS domain attention. A compendium
of neuropsychological tests from Spreen et al. [12] was pri-
marily consulted to group functional tests into clusters of
related tests or test variants. Additionally, the compendium
of Lezak et al. [13] was frequently consulted. Occasionally, a
specific test was not described in these compendia. In
these cases, the authors’ classification was followed or if
necessary the test was clarified using other literature
sources and classified by consensus. Tests and clusters
were grouped further into domains that represent higher
aggregates of integration of subjective, neuropsychologi-
cal, neuroendocrine and neurophysiological functions.The
neuropsychological domain is generally subdivided into
executive functions, memory, attention, motor functions,
language and perception [12]. For each test (or cluster), the
compendia were also used to determine which CNS func-
tion was principally assessed by the test. Some tests pro-
vided different parameters with information on more than
one functional domain.The results of the effects of a single
test on different domains were scored separately, and the
secondary effects were marked.

The effects of alcohol on multifactorial assessments like
the Profiles of Mood States (POMS) [14], the Addiction
Research Center Inventory (ARCI) [15] or the Bond & Lader
visual analogue scales (VAS) [16] were frequently reported.
Subscales of such inventories were grouped together
if they fell in the same cluster. Sometimes, individual

Table 2
Criteria used for study evaluation

Evaluation criteria

Number of males
Number of females

Age (mean/range)
Blinding (open/single-blind/double-blind)

Randomization (randomized/non-randomized)
Design (parallel/cross-over)

Control (baseline controlled/placebo controlled)
Dose

Route (oral/intravenous)
BAC/BrAC

Test
Test item

Primary/secondary outcome parameter
Cluster

Domain
Effect (+/=/-)

Functional biomarkers for the acute CNS effects of alcohol
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subjective scales (and variants) were reported that could
be regarded as variants from a basic form (e.g. subscales
that are also part of more comprehensive tools like the
Bond & Lader VAS).Such scales were clustered according to
the original scale with which they corresponded (e.g. into
scale alertness, scale mood or scale calmness in case of a
Bond & Lader subscale). Within such clusters, all scales
showing a significant effect were grouped, whereas all
scales showing no effect were grouped separately. In this
way, scales within the same cluster that showed mixed
results were also scored equivocally.

Comprehensive scoring instruments like the ARCI, the
POMS or the Drug Effect Questionnaire (DEQ) [17] can be
subdivided into different subjective clusters (e.g. scale
craving or scale alertness), but these subscales were not
always reported separately. In these cases, the results of the
composite scores were presented as part of the overall
scale drug effect cluster for the DEQ and ARCI and the scale
mood cluster for the POMS. A similar procedure was fol-
lowed for driving tests. In some cases the effects on a
driving task were reported as effects on separate CNS func-
tions like divided attention, reaction time and motor func-
tion. These driving tasks were grouped accordingly.
However, when an overall composite driving score was
reported, driving tests were grouped under the cluster
driving.

Categorization of alcohol concentration
The chance that a test will detect a difference from placebo
is expected to increase with the alcohol concentration
(measured through BAC and/or BrAC). To investigate this
possibility, it was determined for each individual test
whether the proportion of statistically significant effects
increased with BAC/BrAC. In this way, the most frequently
used tests and alcohol dosages could be compared for
dose-dependency. For individual tests, the number of
studies or the variability of alcohol concentrations were
too small to determine meaningful dose–effect relation-
ships. To obtain an overview of dose-effects, alcohol con-
centrations were pooled into ‘lower’, ‘medium’ and ‘higher’
levels. The levels were determined after inspection of the
reported alcohol concentrations, but before relationships
with pharmacodynamic tests were examined. The
‘medium’ level was chosen to be a BAC or BrAC of 0.5 g l-1–

0.7 g l-1, because this resulted in an even distribution of
studies across alcohol levels. This mid-range also included
the legal driving limits for most Western countries, and it
would be useful to show which functional biomarkers are
able to detect alcohol effects at this legal level. The ‘lower’
and ‘higher’ levels were all BAC/BrACs outside the medium
range. This approach allowed the identification of tests or
clusters that showed a consistent response across studies
and alcohol concentrations.

Several studies reported the effects of both ascending
or descending alcohol concentrations. In these cases, we
considered a certain test to be effective in detecting
alcohol effects, when at least one of both limbs was signifi-
cantly affected. In addition, it was the intention to evaluate
the effect of increasing or decreasing alcohol levels on
individual tests that showed a consistent dose–response
relationship and were measured frequently enough.

Results

Study characteristics
General study characteristics are reported in Table 3.

Subject characteristics
The mean number of participants was 31 (23 males and
eight females). The mean age of participants was not
reported in 35% of the cases. The mean age for all remain-
ing articles was 24.8 years (range 19–42 years).

Alcohol characteristics
In the majority of the cases (98%), alcohol was orally
administered. In only 2% of all studies an intravenous
administration procedure was described. Doses were not
reported in 18 articles (8%).The calculated mean dose that
was administered during trials was 0.69 g kg-1 (SD
0.25 g kg-1). BrAC was measured in 199 studies (91%),
whereas BAC was used as a parameter in only 13 studies
(6%). Six studies (3%) reported both values jointly. BAC and
BrAC were pooled together to calculate the mean alcohol
concentration, which was 0.65 g l-1 (SD 0.20 g l-1).

CNS tests
This review yielded 342 different tests to assess the acute
CNS effects of alcohol. Table 4 shows a distribution of the

Table 3
Summary of general study characteristics

Blinding Randomization Design Control
Double-
blind

Single-
blind Open Unknown Randomized

Non-
randomized

Cross-
over Parallel

Baseline-
controlled

Placebo-
controlled

31% 46% 22% 1% 86% 14% 56% 44% 23% 77%

R. W. M. Zoethout et al.
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test frequencies across the literature search, indicating that
a sizeable majority of all the described tests was used only
once (69.3%) or no more than five times (89.2%).Tests that
were used more than 10 times in the overall data-set are
summarized in Table 5. This arbitrary cut-off was used to
get an indication of the most frequently used tests. The
results of such solitary tests cannot be used to draw
general conclusions about acute alcohol effects. Only scale
intoxication was used frequently enough (26 times) to
allow an individual analysis of alcohol responsiveness, but
in all other cases tests needed to be clustered to increase
numbers sufficiently for a more general interpretation.

Clustered alcohol effects
Individual tests were grouped into predefined clusters in
an attempt to facilitate the general interpretation of the
results. Table 6 summarizes the progressive condensation
of all individual tests into clusters with their corresponding
CNS domains. Overall calculated significant alcohol effects

[i.e. impairment/decrease (-), no significant change (=) or
improvement/increase (+)] on each cluster are shown
together with the publications in which these effects were
described.Table 6 shows that alcohol mainly caused either
no effect or functional impairments. Impairments were
most pronounced in the clusters divided attention, digit
symbol substitution test-like (DSST-like), motor control,
postural stability, visuo-motor control, scale performance
and in auditory/verbal memory: immediate recall. These
clusters were reported frequently enough (>10 times) to
allow some general interpretations. Saccadic eye move-
ments were also impaired in 90% of all cases, but these
were described only seven times.

Individual memory tests sometimes showed improve-
ments in delayed recall or recognition (between 10 and
33%, Table 6), but never on tests of immediate or short
term memory. In each of these studies, alcohol had been
administered prior to the presentation of learning mate-
rial. This is in line with the literature, which suggests that
memory for information learned before the consumption
of alcohol can be retroactively facilitated [18, 19].

Overall increases in effects were mainly found on the
domain subjective experience. The clusters scale high and
drug effect showed distinct increases in their subjective
scores. In contrast, several different clusters of the subjec-
tive experience domain did not change much [marked as
(=) in Table 6] following alcohol administration (e.g. scales
aggression, alertness, calmness, mood and fatigue). The
clusters production and semantics (language domain)
were also hardly affected by alcohol. Because the effects
of alcohol on the functional domain (neuro)endocrine
and on several different clusters like production,
scale depression, sleep, visual perception and electro-
encephalography alpha (EEG alpha) were reported in only
a small number of studies (<10), solid conclusions
cannot be drawn on the sensitivity of these functional
biomarkers.

Dose–response relationships
The ability to show clear dose–response relationships is an
important requirement for a meaningful drug–effect
biomarker [7–11]. The dose also determines the sensitivity
of a test for a drug, and the chance to detect an effect.
Therefore, tests and clusters were examined for potential
relationships to ethanol dose. An arbitrary cut-off of 10
reports per dose level for at least two levels was used to
study the dose–response relationships for the most fre-
quently reported clusters (Table 7). Divided attention, scale
high and scale drug effect were among the most sensitive
clusters to detect alcohol effects, since a majority of tests
were affected at the lowest alcohol dose concentrations.
Many test clusters showed an increased proportion of sig-
nificant drug effects at higher doses (Table 7). The most
convincing dose–response impairments were found for
focused attention (7% of the tests within this cluster were
impaired in the <0.5 g l-1 level, increasing to 62% at 0.5–

Table 4
Frequency distribution of 342 tests used in 218 acute alcohol studies

Frequency of use Number of tests %

>20 1 0.3
11–20 13 3.8

6–10 23 6.7
2–5 68 19.9

1 237 69.3

Table 5
Tests used more than 10 times

Test name Number

Visual Analogue Scale (VAS): Scale Intoxication 26
Choice Reaction Time Task 16

Go/No Go Test 15
Profile of Mood States (POMS): Scale Depression/Dejection/

Elation/(Positive) Mood
14

Digit Symbol Substitution Test (DSST) 13
Profile of Mood States (POMS): Scale Anxiety/Confidence/

Unsure/Tension/Arousal/Composed
13

Pursuit Rotor Task 13
Beverage Rating Scale Scale Intoxication 12

Biphasic Alcohol Effects Scale (BAES): Scale Sedation 11
Biphasic Alcohol Effects Scale (BAES): Scale Stimulation 11

Profile of Mood States (POMS): Scale Anger/Friendliness/
Hostility/Agreeable

11

Profile of Mood States (POMS): Scale Confusion/Vigour/
Bewilderment/Activity/Clearheadedness

11

Profile of Mood States (POMS): Scale Fatigue/Inertia/
Tired/Energetic

11

Subjective Intoxication Level 11

Functional biomarkers for the acute CNS effects of alcohol
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Table 6
Progressive condensation of all reported tests, into their corresponding clusters and domains (in grey)

Language

Cluster Test (-) (=) (+)
References
(frequency)

Production Speech Performance, Speech Test, Voice Onset Time 33 67 0 [20–23] (n = 4)
Semantics Backwards Reading Task (semantic priming), Lexical Decision Task, Mill Hill Vocabulary Test, Multiple

Selective Vocabulary Test, Semantic Priming Task, Sentence Verification Task, Verbal Memory Task*,
WAIS III: Vocabulary Test, Word Categorization Task

31 69 0 [24–34] (n = 11)

Attention

Cluster Test (-) (=) (+)
References
(frequency)

Divided
attention

Choice Reaction Time Task (fixed sequences)*, Choice Reaction Time Task (random sequences)*, Choice
Reaction Time Task integrated in Pursuit Rotor Task, Choice Reaction Time Task*, Critical Tracking Test
(divided attention), Divided Attention Task, Driving Simulation Test (dual task), Primary Tracking Task
with Secondary Visual Reaction Time, Pursuit Rotor Task combined with Visual Stimulus-Response Task,
Saccadic Interference Task, Switching Attention Task, Tracking Input Manipulator*, Verbal-Manual Task,
Visual Vigilance Task, VisuoSpatial Attention Task

68 29 3 [20, 21, 24, 25,
35–55] (n = 25)

DSST-like Code Substitution Task, Digit Symbol Substitution Test (DSST), Digit Symbol Yes/No Test, Simple Letter
Verification Task, Symbol Digit Substitution Test (SDST), Symbol Matching Task (reference key present
during task), Verification Task

61 39 0 [24, 26, 27, 52,
56–70] (n = 19)

Flicker
discrimination

Apparent Movement, Backward Masking, Bistable Stroboscopic Motion, Critical Flicker Fusion Test,
Simultaneity Task, Velocity Perception Task

55 45 0 [71–76] (n = 6)

Focused/selective
attention

Auditory Discrimination Task, Continuous Performance Task, Digit Span Task (forward), Go/No-Go Task,
Go/No-Go Task*, Inspection Time Task, Letter Cancellation Task, Memory Scanning Test, Pattern
Comparison Task, Perceptual Speed Task, Rapid Information Processing Task, Rapid Visual Information
Processing Task, Signal Detection Task, Spatial Frequency Discrimination Test, Tachistoscopic Perception
Task, Test d2, Vernier Discrimination Task, Visual Search Task, Visual Stimulus-Response Task (complex),
Visual Stimulus-Response Task (complex), Visual Stimulus-Response Task (simple)

50 48 2 [24, 27–30, 44, 46,
52, 59, 63, 64,
68–72, 77–86] (n
= 26)

Reaction time Anticipation Timing Task, Auditory Discrimination Task*, Auditory Vigilance Task*, Choice Reaction Time
Task, Choice Reaction Time Task (fixed sequences), Choice Reaction Time Task (random sequences),
Complex Reaction Time Task*, Complex Reaction Time Test, Concept Identification Task, Concurrent Set
Memory Task*, Continuous Performance Task (delayed memory)*, Continuous Performance Task
(immediate memory)*, Continuous Performance Task*, Critical Tracking Test*, Digit Symbol Substitution
Test (DSST), Digit Symbol Substitution Test (DSST)*, Digit Symbol Yes/No Test*, Divided Attention Task*,
Driving Simulation Test (reaction time), Driving Simulation Test (dual task)*, Eriksen Flanker Test*, Fixed
Set Memory Task*, Go/No Go Test (cued)*, Go/No-Go Task (high cognitive load)*, Go/No-Go Task (low
cognitive load)*, Go/No-Go Task *, Go/No-Go Task*, Lexical Decision Task*, Memory Scanning Test*,
Mill Hill Vocabulary Test*, Number Matching Pair Test*, Offset Reaction Time Task, Omitted Auditory
Stimulus Task, Onset Reaction Time Task, Pattern Recognition Task*, Psychomotor Task, Pursuit Tracking
Task (stressalyser)*, Rapid Visual Information Processing Task, Rapid Visual Information Processing Task*,
Reaction Time Test, Reaction Time Test (acoustic stimulus), Reaction Time Test (optical sequence of
stimuli) , Reaction Time Test (optical stimulus) , Reaction Time Test (optical/aucoustic stimuli), Reaction
Time Test to Omitted Auditory Stimuli, Reaction Time Test to Omitted Tactile Stimuli, Reaction Time Test
to Omitted Visual Stimuli, Repetition-Alternation Task (shape, color, location), Saccadic Interference Task,
Signal Detection Test*, Simple Auditory RT Test, Simple Letter Verification Task*, Simple Reaction Time
Task, Spatial Recognition Task*, Stop Signal Task*, Stroop Task*, Symbol Matching Task (reference key
present during task)*, Tracking Input Manipulator*, Varied Set Memory Task*, Verification Task*,
Vigilance Task (acoustic stimulus)*, Vigilance Task (optical stimulus)*, Vigilance Task*, Visual Reaction
Time test, Visual Search Task*, Visual Stimulus-Response Task (during tracking), Visual Sustained
Attention Task*, Visual Vigilance Task, Visual Vigilance Task*, VisuoSpatial Attention Task, Word
Categorization Task*, Work Performance Series*

53 47 0 [24–26, 28, 30, 31,
35, 36, 38–44,
50–55, 59, 60, 63,
64, 67–71, 74, 76,
81, 83, 87–122]
(n = 70)

Sustained
attention
(vigilance)

Auditory Vigilance Task, Continuous Attention Task, Continuous Performance Task (delayed memory),
Continuous Performance Task (delayed memory)*, Continuous Performance Task (immediate memory)*,
Number Matching Pair Test, Psychomotor Vigilance Task, Rapid Visual Information Processing Task, Serial
Sevens Test, Signal Detection Test, Sustained Attention Task, Vigilance Task, Vigilance Task (acoustic
stimulus), Vigilance Task (optical stimulus), Visual Sustained Attention Task, Visual Vigilance Task, Work
Performance Series

43 57 0 [25, 26, 45, 55, 59,
81, 90, 91, 113,
114, 117, 123] (n
= 12)

R. W. M. Zoethout et al.
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Table 6
Continued

Executive

Cluster Test (-) (=) (+)
References
(frequency)

Creativity Purdue Creativity Test 0 100 0 [124] (n = 1)
Driving Driving Simulation Test, Driving Simulation Test (drive only), Simulated Automobile Driving Task, Tracking

Input Manipulator
100 0 0 [41, 55, 60, 125,

126] (n = 5)
Inhibition Anticipation Timing Task, Antisaccadic Eye Movement Test, Balloon Analogue Risk Task, Barratt

Impulsiveness Scale, Continuous Performance Task (delayed memory)*, Continuous Performance Task
(immediate memory)*, Continuous Performance Task*, Covert Shift of Attention Task, Delay Discounting
Test, Delayed Ocular Response Task, Eriksen Flanker Test, Experimental Discounting Task, General
Knowledge Test, Gibson Spiral Maze test*, Go/No Go Test (cued), Go/No-Go Task, Go/No-Go Task ,
Go/No-Go Task (high cognitive load), Go/No-Go Task (low cognitive load), Iowa Gambling Task,
Newman Perseveration Task, Pattern Comparison Task*, Question-based Delay Discounting Task,
Recognition Task, Recognition Task (with context cues)*, Recognition Task (without context cues)*,
Rectangular Maze Test*, Repetition-Alternation Task (shape, color, location), Risk-Taking Task, Signal
Detection Task*, South Oaks Gambling Screen, Startle Response, Stop Signal Task, Stroop Task, Stroop
Task: Negative Primes, Stroop Task: Positive Primes, Sustained Attention Task*, Tower of London*,
Tracking Input Manipulator*, Visual Sustained Attention Task*

50 46 4 [24, 29, 35, 38, 41,
45, 50, 52, 59,
66, 67, 71, 72,
77, 82, 83, 87,
89–93, 95–98,
100, 104–108,
114, 119,
127–136] (n = 44)

Judgement Choice Reaction Time Task* 50 50 0 [44] (n = 1)
Planning Tower of London 100 0 0 [119] (n = 1)
Reasoning/association Block Design Task, Categorization Task, Concept Identification Task, Conditional Associative Learning Task,

Grammatical Reasoning Task, Logical Reasoning Task, Mathematical Processing Task, Mathematical
Reasoning Task, Picture Arrangement Task, Picture Completion Task, Sentence Completion Task

55 45 0 [63, 64, 70, 80, 111,
123, 132, 137] (n
= 8)

Set shifting Go/No-Go Task*, Wisconsin Card Sorting Test 33 67 0 [30, 93, 138] (n = 3)
Spatial

orientation
Card Rotations Task , Little Man Task, Manikin Task, Manikin Test 50 50 0 [59, 63, 64, 80] (n =

4)
Time/distance

estimation
Choice Reaction Time Task*, Drawing Squares Test, Kinaesthetic Distance Estimation Test, Size Estimation

Test, Speed Estimation Task (without speedometer), Temporal Discrimination Task, Time Estimation Task,
Time Perception Task, Time Production Task, Visual Distance Estimation Task

46 46 8 [59, 76, 123,
139–142] (n = 7)

Working
memory/immediate
recognition

Auditory Memory Task, Backwards Reading Task, Choice Reaction Time Task*, Complex Reaction Time
Test, Concentration Test, Concurrent Set Memory Task, Continuous Performance Task (delayed memory),
Continuous Performance Task (immediate memory), Design Memory Task, Digit Span Task (backward),
Fixed Set Memory Task, Letter-Number Test, Pattern Memory Test, Pattern Recognition Task, Recognition
Task, Short Term Memory Task, Short-Term Memory for Words and Figures, Short-Term Memory Test,
Spatial Memory Span Test, Spatial Recognition task, Spatial Working Memory Task, Sternberg Memory
Scanning Task, Symbol Matching Task (reference key absent during task), Symbol Matching Task
(reference key absent during task)*, Three Letters Task, Varied Set Memory Task, Visual Memory Task,
WAIS-R: Digit Span Test (backward), Word Discrimination Task (immediate), Word Repetition Priming
Task, X’s and O’s Task

53 47 0 [24, 27, 32, 63, 64,
67, 70, 71, 90,
91, 103, 116, 117,
119, 132,
143–147] (n = 20)

Memory

Cluster Test (-) (=) (+)
References
(frequency)

Auditory/verbal
memory: delayed
recall

Delayed Free Recall Test (words), Delayed Recall Task (words), Delayed Word Recall Task (24 h), Free Recall
Task (words), Hopkins Verbal Learning Test (words), Logical Memory Test (story), Memory for Profile of
Mood States (POMS) scores, Memory Task (8 letter-word pairs), Memory Task for Verbally Presented
Words, Prose Memory Task, Recall for Mood States, Recall Task (names), Retroactive Interference Task
(words), Wilde Intelligence Test (memory subset), Word List Learning (40 min. prior to alcohol intake),
Word List Learning (immediately before alcohol intake)

40 30 30 [24, 25, 27, 34,
148–156] (n = 13)

Auditory/verbal
memory: delayed
recognition

Delayed Recognition Task (words), Hopkins Verbal Learning Test (words), Memory Task for Verbally
Presented Words, Recognition of Depressive Mood States, Recognition of Elating Mood States,
Recognition of Neutral Mood States, Recognition Task (names), Sentence Recognition Task (with context
cues), Sentence Recognition Task (without context cues), Wilde Intelligence Test (memory subset),
WMS-R: Paired Associates Learning (difficult), WMS-R: Paired Associates Learning (easy), Word
Discrimination Task (delayed), Word List Learning (before alcohol intake), Word Recognition Memory
Task, Word Recognition Task, Word Stem Completion Task (cued)

43 48 10 [24, 25, 33, 67, 128,
148, 150, 151,
153, 155,
157–159] (n = 13)

Auditory/verbal
memory: immediate
recall

Dichotic Listening Test, Free Recall Task (words), Immediate Recall Acquisition Task (words), Immediate
Recall Task/Acquisition Task (words), Memory Task (words), Memory Task for Verbally Presented Words,
Paired Associate Word Learning Task, Prose Memory Task, Verbal Immediate Memory Task (words),
Verbal Short-term Memory Task (words)

67 33 0 [21, 24, 27, 32, 34,
49, 156, 158–162]
(n = 12)

Implicit memory Cued Incidental Learning (after alcohol intake), Cued Incidental Learning (before alcohol intake), Event
Frequency Task, Frequency of Word Occurrence Task, Judgement of Frequency Task, Recall of Depressive
Mood Sates, Recall of Elating Mood States, Recall of Neutral Mood States, Stem Completion Task
(automatic processes), Word-Stem Completion Task, Word-Stem Completion Task (controlled processes)

33 40 27 [32, 33, 155, 157,
158, 161,
163–166] (n = 10)
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Table 6
Continued

Memory

Cluster Test (-) (=) (+)
References
(frequency)

Learning Verbal Memory Task* 100 0 0 [24] (n = 1)
Visual/spatial

memory: delayed
recall

Complex Figure Task, Delayed Memory for Geographical Map (with route), Emotional Memory Task 40 40 20 [40, 148, 167] (n =
3)

Visual/spatial
memory: delayed
recognition

Design Memory Task, Face Recognition Task, Picture Recognition Task 0 67 33 [18, 67, 150] (n = 3)

Visual/spatial
memory:
immediate recall

Benton Visual Retention Test, Complex Figure Task, Immediate Memory for Geographical Map
(with route)

25 75 0 [85, 148, 167] (n =
3)

Motor

Cluster Test (-) (=) (+)
References
(frequency)

Motor control Balance Beam Test, Choice Reaction Time Task*, Hand Steadiness Test (eyes closed), One Leg Stand Test,
Reaction Time Test (acoustic stimulus)*, Reaction Time Test (optical sequence of stimuli)*, Reaction Time
Test (optical stimulus)*, Reaction Time Test (optical/aucoustic stimuli)*, Standing Steadiness, Tapping
Task, Tapping Task (non-dominant hand), Tapping Task (two hands)

61 39 0 [20, 21, 24, 25,
63–65, 76, 99,
103, 168, 169] (n
= 12)

Postural
stability

Body Sway, Body Sway (closed eyes), Body Sway (open eyes), One Leg Stand Test, Physical Activity
Measurement (actiwatch), Sensory Organization Posturography Test, Steadiness Test, Walk and Turn Test

86 14 0 [30, 47, 49, 65, 74,
99, 168, 170–176]
(n = 14)

Visuo-motor
control

Bead String Test, Character Writing Test, Continuous Tracking Task (continuous instability), Continuous
Tracking Task (frequent instability), Continuous Tracking Task (minor instability), Coordination Test
Steering, Critical Tracking Test, Divided Attention Task*, Gibson Spiral Maze Task, Gibson Spiral Maze
test, Hand Steadiness Test, Hand-Eye Coordination Test, Handwriting Analysis, Object Assembly Task,
Pegboard Test, Primary Tracking Task, Pursuit Rotor Task, Pursuit Rotor Task Modified, Pursuit Tracking
Task (stressalyser), Rectangular Maze Test, Signature Task, Speed Estimation Task (with speedometer),
Spiral Maze Task, Tracking Input Manipulator*, Tracking Test, Tracometer, Visuomotor Integration Task

78 22 0 [24, 26, 30, 37–39,
41, 45, 49, 52,
53, 59, 65, 70,
79, 81, 88, 99,
113, 117, 120,
139, 142,
169–171,
177–190] (n = 40)

Neurophysiologic

Cluster Test (-) (=) (+)
References
(frequency)

EEG alpha Electro-encephalography (EEG), Magneto-encephalography (MEG) 6 38 56 [191–197] (n = 7)
EEG beta Electro-encephalography (EEG), Magneto-encephalography (MEG) 9 64 27 [192, 193, 196, 197]

(n = 4)
EEG delta Electroencephalography (EEG) 0 100 0 [197] (n = 1)
EEG theta Electro-encephalography (EEG), Magneto-encephalography (MEG) 0 22 78 [193–197] (n = 5)
Evoked

potential
Alternating Check Task, Categorization Task*, Choice Reaction Time Task*, Eriksen Flanker Test*, Event

Related Potentials (ERP), Go/No-Go Task*, Memory Scanning Test, Odd Ball Paradigm, Vestibular Evoked
Myogenic Potential Test, Visual Evoked Potentials, Visual Sustained Attention Task*, Watching
‘Emotional’ Pictures, Word Repetition Priming Task

52 21 27 [51, 87, 92, 94, 137,
144, 145,
198–206] (n = 16)

Eye
movements

Binocular Balance Test, Oculomotor Functioning 100 0 0 [168, 207] (n = 2)

Eye
movements –
blink rates

Electro-oculography (EOG) 0 100 0 [114] (n = 1)

Eye
movements –
nystagmus

Caloric and Visual Supression Test, Electro-oculography (EOG), Horizontal Gaze Nystagmus,
Vestibulo-Ocular Nystagmus Test

100 0 0 [170–172, 174, 199,
208] (n = 6)

Eye
movements –
pursuit

Oculomotor Functioning, Smooth Pursuit Eye Movement Task 67 33 0 [61, 168] (n = 2)

Eye
movements –
saccadic

Delayed Ocular Response Task, Oculomotor Functioning, Saccadic Eye Movement Test, Visuomotor
Reading Task

90 10 0 [35, 61, 129, 168,
209–211] (n = 7)

Sleep Multiple Sleep Latency Test (MSLT), Repeated Test of Sustained Wakefulness (RTSW), Sleep Latency, Sleep
Test

40 60 0 [53, 212–214] (n =
4)
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Table 6
Continued

Perception

Cluster Test (-) (=) (+)
References
(frequency)

Olfactory
perception

Odor Discrimination/Odor Memory Test, Olfactory Ethanol Detection Test, Phenyl Ethyl Alcohol Detection
Threshold Tests, University of Pennsylvania Smell Identification Test

50 50 0 [215] (n = 1)

Visual
perception

Accomodation Task, Arden Plates, Binocular Vision Task, Contrast Sensitivity Chart, Depth Perception Task,
Goldmann Visual Fields , IR Refractometer Task, Perceptual Vision Task, Rod and Frame Test (visual field
dependence), Rotating Laser Drum Task, Snellen Acuity, Stereo Optical Stereo Tests, Stereoscopic Depth
Perception, Subjective Vertical/Horizontal Test, TV Grating Contrast Sensitivity, Vision Test, Visual
Contrast Sensitivity Test, Visual Field Test

52 48 0 [85, 110, 118, 201,
203, 216, 217] (n
= 7)

Subjective experience

Cluster Test (-) (=) (+)
References
(frequency)

Scale
aggression

Affect Inventory (Scale Anger/Sympathetic), Profile of Mood States (POMS) (Scale Agreeable/Hostile),
Profile of Mood States (POMS) (Scale Anger), Profile of Mood States (POMS) (Scale Anger/Friendliness),
Profile of Mood States (POMS) (Scale Anger/Hostility), Profile of Mood States (POMS) (Scale Friendliness),
Subjective Effects of Alcohol Scale (SAES) (Scale Positive Social Influences), Visual Analogue Scale (VAS)
(Scale Irritability)

8 75 17 [24, 30, 40, 58, 62,
83, 168, 175,
218–221] (n = 12)

Scale alertness Affect Inventory (Scale Powerfulness/Energy), Biphasic Alcohol Effects Scale (BAES) (Scale Sedation), Profile
of Mood States (POMS) (Scale Clearheaded/Confused), Profile of Mood States (POMS) (Scale Confusion),
Profile of Mood States (POMS) (Scale Confusion/Bewilderment/Vigor/Activity), Profile of Mood States
(POMS) (Scale Confusion/Vigour), Profile of Mood States (POMS) (Scale Vigour), Profile of Mood States
(POMS) (Scale Vigour/Activity/Confusion/Bewilderment), Profile of Mood States (POMS) (Scale
Vigour/Confusion), Sleep Questionnaire, Stanford Sleepiness Scale (SSS), Subjective Effects of Alcohol
Scale (SAES) (Scale Sedation), Subjective Rating Scale (Scale Activity/Drowsiness), Subjective Rating Scale
(Scale Alertness), Visual Analogue Scale (VAS) (Scale Alertness), Visual Analogue Scale (VAS) (Scale
Drowsiness), Visual Analogue Scale (VAS) (Scale Sedation), Visual Analogue Scale (VAS) (Scale
Sleepiness)

35 60 5 [24, 30, 40, 41, 53,
56, 58, 61, 62,
74, 76, 77, 83,
95, 133, 147, 149,
168, 175, 176,
198, 209, 213,
214, 218–221] (n
= 28)

Scale calmness Affect Inventory (Scale Afraidness), Affect Inventory (Scale Relaxedness), Biphasic Alcohol Effects Scale
(BAES) (Scale Stimulation), Estimation of Mood Change Test (Scale Tense/Relaxed), Profile of Mood
States (POMS) (Scale Anxiety), Profile of Mood States (POMS) (Scale Arousal), Profile of Mood States
(POMS) (Scale Composed/Anxious), Profile of Mood States (POMS) (Scale Confident/Unsure), Profile of
Mood States (POMS) (Scale Tension), Profile of Mood States (POMS) (Scale Tension), Profile of Mood
States (POMS) (Scale Tension/Anxiety), Subjective Rating Scale (Scale Relaxation), Taylor’s Manifest
Anxiety Scale, Visual Analogue Scale (VAS) (Scale Nervousness), Visual Analogue Scale (VAS) (Scale
Relaxedness), Visual Analogue Scale (VAS) (Scale Stimulatedness)

23 76 2 [24, 30, 40, 56, 58,
61, 62, 74, 76,
77, 83, 95, 100,
119, 133, 147,
149, 156, 158,
175, 176, 198,
214, 218–222] (n
= 28)

Scale craving Drug Effects Questionnaire (DEQ) (Scale Like), Drug Effects Questionnaire (DEQ) (Scale Like/Want More),
Drug Effects Questionnaire (DEQ) (Scale Want More), Drug Effects Questionnaire (DEQ) Scale Like/Want
More), Visual Analogue Scale (VAS) (Scale Desire), Visual Analogue Scale (VAS) (Scale Like), Visual
Analogue Scale (VAS) (Scale Like/Dislike)

50 50 0 [56, 61, 62, 66, 74,
77, 82, 83, 96,
97, 105–107, 123,
127, 206, 218,
223] (n = 18)

Scale
depression

Affect Inventory (Scale Depression), Profile of Mood States (POMS) (Scale Depression), Profile of Mood
States (POMS) (Scale Depression/Dejection), Profile of Mood States (POMS) (Scale Elated/Depressed)

8 85 8 [30, 175, 218–221]
(n = 6)

Scale dizziness Visual Analogue Scale (VAS) (Scale Dizziness), Visual Analogue Scale (VAS) (Scale Lightheadedness) 100 0 0 [40, 74] (n = 2)
Scale drug

effect
Addiction Research Center Inventory (ARCI) (Scale A), Addiction Research Center Inventory (ARCI) (Scale

A/BG/MBG/LSD), Addiction Research Center Inventory (ARCI) (Scale A/BG/MBG/LSD/PCAG), Addiction
Research Center Inventory (ARCI) (Scale A/BG/MBG/PCAG/LSD), Addiction Research Center Inventory
(ARCI) (Scale A/BG/PCAG/LSD), Addiction Research Center Inventory (ARCI) (Scale A/M/MBG), Addiction
Research Center Inventory (ARCI) (Scale A/M/MBG/PCAG), Addiction Research Center Inventory (ARCI)
(Scale A/MBG/PCAG), Addiction Research Center Inventory (ARCI) (Scale BG/LSD), Addiction Research
Center Inventory (ARCI) (Scale BG/LSD), Addiction Research Center Inventory (ARCI) (Scale MBG),
Addiction Research Center Inventory (ARCI) (Scale PCAG), Addiction Research Center Inventory (ARCI)
(Scale PCAG/A/LSD), Beverage Rating Scale, Drug Effects Questionnaire (DEQ) (Scale Drug Effect), Drug
Effects Questionnaire (DEQ) (Scale Feel), Drug Effects Questionnaire (DEQ) (Scale Intoxication),
Drunkenness Scale, Likert ‘how drunk scale’, Profile of Mood States (POMS) (Scale Intoxication),
Subjective Effects Questionnaire (Scale Intoxication), Subjective Estimations of Intoxication, Subjective
Intoxication Level, Subjective Judgement of Intoxication, Subjective Rating Scale (Scale Inebriation),
Visual Analogue Scale (VAS) (Scale Drunkenness), Visual Analogue Scale (VAS) (Scale Feel), Visual
Analogue Scale (VAS) (Scale Intoxication)

0 20 80 [26, 30, 35, 41, 49,
52, 56, 59–62,
66–69, 74, 77, 82,
83, 85–87, 95–97,
104–109, 114,
115, 123, 127,
134, 137, 138,
140, 145, 147,
166, 168, 171,
175, 180, 183,
190, 191, 197,
198, 206, 209,
218–221,
223–229] (n = 64)

Scale fatigue Profile of Mood States (POMS) (Scale Energetic/Tired), Profile of Mood States (POMS) (Scale Energy),
Profile of Mood States (POMS) (Scale Fatigue), Profile of Mood States (POMS) (Scale Fatigue/Inertia)

14 81 5 [24, 30, 40, 58, 62,
83, 218–221] (n =
10)
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0.7 g l-1 and 74% with levels >0.7 g l-1), divided attention,
reaction time, inhibition, working memory and visuo-
motor control. Clear dose-related effects were also found
for the cluster scale drug effect.

We made efforts to evaluate the effect of increasing
and decreasing alcohol concentrations on individual tests
that showed a consistent dose–response relationship and
were reported frequently enough. Unfortunately, only few
of these studies addressed this issue. We therefore
restricted our review to the main objective of creating an

overview of the most sensitive CNS tests to measure the
acute effects of alcohol.

All 15 scales of the cluster subjective high that were
tested at the 0.5–0.7 g l-1 level increased after alcohol
administration. Although they were only tested nine times
under high dose circumstances throughout the studies, all
observed subjective high scales were affected by alcohol
at this level. The effects on other frequently reported clus-
ters described in Table 7 either increased hardly with dose
(e.g.evoked potential and scale craving) or were not clearly

Table 6
Continued

Subjective experience

Cluster Test (-) (=) (+)
References
(frequency)

Scale high Drug Effects Questionnaire (DEQ) (Scale High), Profile of Mood States (POMS) (Scale High), Subjective High
Assessment Scale, Subjective High Assessment Scale (Scale High), Visual Analogue Scale (VAS) (Scale
High)

0 13 87 [18, 56, 61, 62, 65,
66, 74, 80, 83,
96, 97, 105–107,
145, 194, 218,
219, 223] (n = 19)

Scale mood Affect Inventory (Scale Surprisedness/Affection/Digust/Guilt/Sexuality/Humour/Happiness),
Beck-Depression-Inventory (Scale Depression), Estimation of Mood Change Test (Scale Elated/Depressed),
Mood Scale (Scale Pleasure/Activity/Dominance), Mood Sorting Test, Personality-Trait Presentation Task,
Positive Affect/Negative Affect Schedule (Scale Negative Affect), Positive Affect/Negative Affect Schedule
(Scale Positive Affect), Profile of Mood States (POMS) (Scale Depression), Profile of Mood States (POMS)
(Scale Depression/Elation), Profile of Mood States (POMS) (Scale Depression/Elation/Positive Mood),
Profile of Mood States (POMS) (Scale Elation/Positive Mood), Profile of Mood States (POMS) (Scale
Mood), Profile of Mood States (POMS) (Scale Positive Mood), Profile of Mood States (POMS) (Scale
Tension/Anxiety/Depression/Dejection/Anger/ Hostility/Vigour/Fatigue/Confusion/Bewilderment), Rotter’s
Internal-External Scale, Subjective Effects of Alcohol Scale (SAES) (Scale Negative Affect), Subjective
Mood States (Scale Mood), Subjective Rating Scale (Scale Joyfulness), Subjective Rating Scale (Scale
Positive Mood), Visual Analogue Scale (VAS) (Scale Contentedness), Visual Analogue Scale (VAS) (Scale
Mood Changes), Visual Analogue Scale (VAS) (Scale Mood), Visual Analogue Scale (VAS) (Scale
Pleasantness)

5 65 30 [24–26, 40, 52, 58,
59, 62, 74, 76,
83, 100, 119, 123,
133, 137, 149,
150, 156, 158,
168, 175, 195,
197, 221, 222,
229, 230] (n = 28)

Scale morality Subjective Attitudes and Intentions to Drink and Drive 100 0 0 [227] (n = 1)
Scale

performance
Affect Inventory (Scale Intelligentness), Alcohol Sensation Scale (Scale Impairment), Driving Questionnaire,

Self-Evaluation of Performance , Subjective Estimations of Ability, Subjective Impairment Scale, Visual
Analogue Scale (VAS) (Scale Driving), Visual Analogue Scale (VAS) (Scale Functional Integrity)

67 33 0 [26, 41, 45, 47, 48,
52, 59, 77, 120,
168, 175, 185,
227, 231] (n = 14)

Scale
symptoms

Alcohol Sensation Scale (Scale Anaesthesia), Alcohol Sensation Scale (Scale
Central/Warm/Dynamic/Periphery/Nausea), Alcohol Sensation Scale (Scale Sensations), Alcohol Sensation
Scale (Scale Somatic Sensations), Drug Effects Questionnaire (DEQ) (Scale Nausea), Sensation Scale
(Scale Physical Sensations), Sensation Scale (Scale Symptoms), Von Zerssen’s List of Complaints (Scale
Complaints)

42 58 0 [25, 56, 77, 175,
218, 229] (n = 6)

(Neuro)endocrine

Cluster Test (-) (=) (+)
References
(frequency)

Catecholamines 3-methoxy-4-hydroxy ethyleneglycol (MOPEG) 0 0 100 [232] (n = 1)
Cortisol/ACTH ACTH, cortisol 0 43 57 [56, 191, 218, 233,

234] (n = 5)

Other
neuroendocrine
substances

AVP, b-endorphin, cholecystokinin, dopamine, melatonin, prolactin, serotonin 14 71 14 [233–236] (n = 4)

Sex hormones 3a-hydroxy-5a-pregnan-20-one-like progesterones, allopregnanolone, DHEA, DHEA-S, estradiol,
estradiol/estrone/progesterone, luteinizing hormone (LH), pregnenolone, progesterone, testosterone

27 64 9 [56, 218, 234]
(n = 3)

The overall cluster effects are reported together with the articles in which they are reported. ‘+’ reflects an improvement or increase, ‘=’ reflects no significant effect and
‘-’ reflects an impairment or decrease as measured by the corresponding test. Whenever tests provided different parameters with information on more than one functional
domain, effects were scored separately, and the secondary effects were marked (*). Some tests were reported more than once within the same reference (e.g. at several dose
levels).
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dose-related (scale calmness, scale mood and scale alert-
ness). While visual perception was only occasionally
reported across different research groups, a mild dose-
related deterioration was observed at the highest dose
level.

Discussion

A large number of tests are used in the literature to
measure the acute CNS effects of alcohol, even for the
same effect. As with similar reviews for other drug classes
[7–11], there were even more tests than articles: 342 in

218 publications. Almost 70% of all reported tests were
only used once, and close to 90% were used five times or
less. This lack of standarization limits the comprehension
of the effects of drugs on the CNS. For alcohol, this is
complicated further by complex (saturable) pharmacoki-
netics (with large intersubject variability related to induc-
tion of clearance, sex and other genetic factors), tolerance
and withdrawal effects, drug and food interactions and
differences between patient populations (alcoholics, drug
abusers, social anxiety disorder, etc.). Understanding these
complexities, and their functional consequences for social
and problematic drinking, would be facilitated by the use
of a limited number of well-characterized biomarkers for

Table 7
Dose–response relationships for clusters tested at least 10 times (except for values between brackets) with at least two dose levels

Executive

Cluster
<0.5 g l-1 0.5–0.7 g l-1 >0.7 g l-1

(-) (=) (+) (-) (=) (+) (-) (=) (+)

Inhibition 32 65 3 56 41 3 64 29 7
Working memory 18 82 0 39 61 0 75 25 0

Attention

Cluster
<0.5 g l-1 0.5–0.7 g l-1 >0.7 g l-1

(-) (=) (+) (-) (=) (+) (-) (=) (+)

Divided attention 58 33 8 67 33 0 79 21 0
Focused/selective attention 7 86 7 62 38 0 74 26 0

Reaction time 23 77 0 51 49 0 73 27 0

Motor

Cluster
<0.5 g l-1 0.5–0.7 g l-1 >0.7 g l-1

(-) (=) (+) (-) (=) (+) (-) (=) (+)

Visuo-motor control 43 57 0 85 15 0 89 11 0

Subjective experience

Cluster
<0.5 g l-1 0.5–0.7 g l-1 >0.7 g l-1

(-) (=) (+) (-) (=) (+) (-) (=) (+)

Scale alertness 19 78 4 53 42 5 41 53 6
Scale calmness 20 80 0 21 75 4 31 69 0

Scale craving 50 50 0 58 42 0 (38) (63) (0)
Scale drug effect 0 41 59 0 7 93 0 9 91

Scale high 0 36 64 0 0 100 (0) (0) (100)
Scale mood 7 71 21 0 64 36 8 58 33

Perception

Cluster
<0.5 g l-1 0.5–0.7 g l-1 >0.7 g l-1

(-) (=) (+) (-) (=) (+) (-) (=) (+)

Visual perception – – – 36 64 0 60 40 0

Neurophysiologic

Cluster
<0.5 g l-1 0.5–0.7 g l-1 >0.7 g l-1

(-) (=) (+) (-) (=) (+) (-) (=) (+)

Evoked potential 50 25 25 54 23 23 (50) (13) (38)

Results are in % per alcohol dose concentration. ‘+’ reflects an improvement or increase, ‘=’ reflects no significant effect and ‘-’ reflects an impairment or decrease
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different alcohol effects, reflecting a range of relevant
functions. With this background, tests were grouped into
test clusters and functional domains. Prior reviews indi-
cate that this technique served as a helpful tool in
evaluating functional biomarkers for other drug effects
[7–11]. Although this methodology inevitably led to the
loss of certain information, it resulted in a structured
and comprehensive overview of the CNS effects of
alcohol.

As far as possible, we used neuropsychological com-
pendia [12, 13] to group all the tests into related test clus-
ters and functional CNS domains. Still, some categorization
we undertook might seem arbitrary. The short memory
test for example, was captured under executive functions
instead of memory (as one might expect from the test
name). Although this seems confusing at first sight, it is
completely in line with the neuropsychological compen-
dia we used. These authors state that the short memory
test should be considered as a working memory (or execu-
tive) task rather than a pure memory task, because it is
governed by brain areas that are also related to planning,
organizing and time orientation. Longer-term memory
tests in a stricter sense require much more hippocampal
activity.

Tests within the most sensitive clusters as shown in
Table 6, which also show a clear dose–response relation-
ship as shown in Table 7 are considered most valuable.
Thus, divided attention tests (i.e. attention domain), visuo-
motor control tests (i.e.motor domain) and subjective drug
effect tests (i.e. domain subjective effects) are the most
sensitive functional biomarkers for the acute effects of
alcohol on the CNS in healthy volunteers (at least accord-
ing to the results of our review). Most clusters of the atten-
tion domain were clearly affected by alcohol. The cluster
divided attention showed a higher sensitivity to alcohol
compared with clusters like reaction time and focused
attention, since these tests could detect lower alcohol con-
centrations. Tests within the divided attention cluster are
more complex than those measuring simple reaction time
or focused attention, and it is likely that lower doses of
alcohol will have a larger impact on a more complex task
than on a simpler version. Tests within the cluster reaction
time can still be useful biomarkers, since 73% showed
impairments at higher alcohol concentrations (>0.7 g l-1),
but they are less suitable to measure the impact of lower
exposure. Similarly, executive clusters like working
memory and inhibition are also quite capable of detecting
alcohol effects at high doses (on average in 75% and 64%
of the cases, respectively).

Alcohol clearly impaired the three clusters of the motor
domain, but only visuo-motor control tests were reported
frequently enough at the different dose levels to allow a
dose–response analysis. Although the effects on motor
control and postural stability look promising, these tests
can only be considered validated CNS-biomarkers for
alcohol effects if dose–response relationships are estab-

lished. Alcohol effects on visuo-motor control were identi-
fied at concentrations >0.5 g l-1 and a dose-dependent
impairment was observed.The cluster visuo-motor control
fulfilled the criteria as a useful functional biomarker.

Scales of subjective high and drug effects were by far
the most sensitive clusters in the subjective experience
domain. Both scales increased dose-dependently, and
showed effects in over 90% of the cases in the highest dose
category. Many different subjective scales (or scale vari-
ants) are currently used in literature to measure subjective
alcohol experience, but this review shows that only a few
of these scales (subjective high and drug effects) are actu-
ally able to measure accurately the subjective effects of
alcohol.Scales of calmness, mood and alertness seem to be
less sensitive to alcohol.

The sensitivity of many clusters could not be assessed,
because they were not reported frequently enough to
allow an accurate evaluation (e.g. critical flicker fusion,
visual perception and all the (neuro)endocrine clusters),
although some of these uncommon clusters showed
promising results (e.g. saccadic eye movements, EEG
alpha and EEG theta). Clusters like semantics and scale
aggression do not seem to be valuable biomarkers for
alcohol effects, because the majority of the tests show no
effect after alcohol administration in healthy volunteers.
Some clusters showed significant overall alcohol effect in
only a modest proportion of studies, like inhibition (50%)
and working memory (53%). These executive tasks were
measured frequently enough to allow a subdivision
according to dose levels, which revealed larger percent-
ages in the highest dose category of >0.7 g l-1 (64 and 75%,
respectively). This indicates that alcohol effects (particu-
larly at higher doses) can be masked for clusters that do
not contain enough tests across the different doses to
allow dose categorization. An important issue concerning
tests within clusters like immediate recall (auditory/verbal
memory),working memory and visuo-motor control is that
all these functions may be affected by attention and con-
centration [12]. Attention tasks show an effect in 73–79%
of cases at higher alcohol doses. Divided attention was
even more sensitive, yielding significant results at low
doses in over half the cases.The strong influence of alcohol
on attention should be taken into account when looking at
the results of other test clusters and functional domains
that rely on attention.

Despite its infrequent appearance throughout our
search, all tests assessing overall driving performance (i.e.
cluster driving) were impaired by alcohol. Driving perfor-
mance is an executive task that to a large extent relies on
(visuo-)motor control and focused/divided attention. The
most sensitive functional biomarkers to detect alcohol
effects at the average legal driving level (i.e. the medium
dose level) include tests of visuo-motor control as well as
scales of subjective high and drug effect, followed by
focused and divided attention.For visuo-motor control, the
pursuit rotor task (a tracking task) was the most appropriate
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method to detect alcohol effects around the driving limit,at
least in a laboratory setting. It is not surprising therefore,
that all of the 10 driving tests included in our review showed
an effect of alcohol,including the two cases that studied the
effects of a low dose. Reaction time is another aspect of
driving, but individual reaction time tests only showed an
impairment at medium levels in only half of the cases. This
function seems less suitable to demonstrate the impact of
alcohol on driving proficiency in a medico-legal setting.

In summary, the most sensitive functional biomarkers
for the acute CNS effects of alcohol that were identified in
this review are divided attention, focused attention, visuo-
motor control, scale high and scale drug effect. Further-
more, reaction time, working memory and inhibition are
also considered useful, but only at higher alcohol doses.
Driving tasks also seemed to be sensitive to even low con-
centrations of alcohol, but this complicated setup was not
used very frequently in the literature.The impairing effects
of alcohol on the clusters DSST-like, motor control, postural
stability and immediate recall (auditory/verbal memory)
are noteworthy, but clear dose–effect relationships could
not be established.

This review describes a systematic literature search
aimed to assess the sensitivity and usefulness of functional
biomarkers to demonstrate acute CNS effects of alcohol in
healthy volunteers. The results of this review may be
helpful in selecting rational biomarkers for studies investi-
gating the acute CNS effects of alcohol or for future
alcohol–interaction studies. The results also show that
many different biomarkers are currently used, when a
certain CNS effect of alcohol is studied, and that such
studies would greatly benefit from a certain degree of
standardization.

Competing interests

There are no competing interests to declare.
This research received no specific grant from any funding

agency in the public, commercial or not-for-profit sectors.

REFERENCES

1 Little HJ. Mechanisms that may underlie the
behavioral-effects of ethanol. Prog Neurobiol 1991; 36:
171–94.

2 Weight FF, Aguayo LG, White G, Lovinger DM, Peoples RW.
Gaba-gated and glutamate-gated ion channels as
molecular sites of alcohol and anesthetic action. Adv
Biochem Psychopharmacol 1992; 47: 335–47.

3 Samson HH, Harris RA. Neurobiology of alcohol-abuse.
Trends Pharmacol Sci 1992; 13: 206–11.

4 Charness ME, Simon RP, Greenberg DA. Ethanol and the
nervous system. NEJM 1989; 321: 442–54.

5 Jang GR, Harris RZ. Drug interactions involving ethanol and
alcoholic beverages. Expert Opin Drug Metab Toxicol 2007;
3: 719–31.

6 Colburn WA. Biomarkers in drug discovery and
development: from target identification through drug
marketing. J Clin Pharmacol 2003; 43: 329–41.

7 de Visser SJ, van der Post J, Pieters MSM, Cohen AF,
van Gerven JMA. Biomarkers for the effects of
antipsychotic drugs in healthy volunteers. Br J Clin
Pharmacol 2001; 51: 119–32.

8 de Visser SJ, van der Post JP, de Waal PP, Cornet F,
Cohen AF, van Gerven JM. Biomarkers for the effects of
benzodiazepines in healthy volunteers. Br J Clin Pharmacol
2003; 55: 39–50.

9 Dumont GJH, de Visser SJ, Cohen AF, van Gerven JMA.
Biomarkers for the effects of selective serotonin re-uptake
inhibitors (SSRIs) in healthy subjects. Br J Clin Pharmacol
2005; 59: 495–510.

10 Dumont GJH, Verkes RJ. A review of acute effects of
3,4-methylenedioxymethamphetamine in healthy
volunteers. J Psychopharmacol 2006; 20: 176–87.

11 Zuurman L, Ippel AE, Moin E, Van Gerven JMA. Biomarkers
for the effects of cannabis and THC in healthy volunteers.
Br J Clin Pharmacol 2009; 67: 5–21. Review.

12 Spreen O, Stretton CD. A Compendium of
Neuropsychological Tests; Administration, Norms and
Commentary, 2nd edn. New York: Oxford University Press,
Inc., 1998. (ISBN: 0–19-510019–0).

13 Lezak MD, Howieson DB, Loring DW. Neurophychological
Assesment, 4th edn. New York: Oxford University Press,
2004.

14 McNair DM, Lorr M, Droppleman LF. Manual for the Profile
of Mood States. San Diego, CA: Educational and Industrial
Testing Service, 1971.

15 Haertzen CA. Addiction Research Center Inventory (ARCI) –
development of a general drug estimation scale. J Nervo
Ment Dis 1965; 141: 300–7.

16 Bond A, Lader M. The use of analogue scales in rating
subjective feelings. Br J Med Psychol 1974; 211–8.

17 Mintzer MZ, Griffiths RR. Triazolam and zolpidem: effects on
human memory and attentional processes.
Psychopharmacology (Berl) 1999; 144: 8–19.

18 Parker ES, Morihisa JM, Wyatt RJ, Schwartz BL,
Weingartner H, Stillman RC. The alcohol facilitation effect
on memory: a dose-response study. Psychopharmacology
(Berl) 1981; 74: 88–92.

19 Parker ES, Birnbaum IM, Weingartner H, Hartley JT,
Stillman RC, Wyatt RJ. Retrograde enhancement of human
memory with alcohol. Psychopharmacology (Berl) 1980; 69:
219–22.

20 Clarici A, Fabbro F, Bava A. Effects of moderate doses of
ethyl alcohol on cerebral lateralization of language and on
hand movements. I: a dual-task paradigm study. Boll Soc
Ital Biol Sper 1995; 71: 213–20.

Functional biomarkers for the acute CNS effects of alcohol

Br J Clin Pharmacol / 71:3 / 343



21 Clarici A, Fabbro F, Bava A. Effects of ethyl alcohol on
hemispheric specialization of language and on hand
movements. Percept Mot Skills 1993; 77: 1259–64.

22 Hollien H, DeJong G, Martin CA, Schwartz R, Liljegren K.
Effects of ethanol intoxication on speech suprasegmentals.
J Acoust Soc Am 2001; 110: 3198–206.

23 Swartz BL. Resistance of voice onset time variability to
intoxication. Percept Mot Skills 1992; 75: 415–24.

24 McKee RH, Lammers JH, Hoogendijk EM, Emmen HH,
Muijser H, Barsotti DA, Owen DE, Kulig BM. Model studies
for evaluating the acute neurobehavioral effects of
complex hydrocarbon solvents I. Validation of methods
with ethanol. Neurotoxicology 2006; 27: 1064–79.

25 Breitmeier D, Seeland-Schulze I, Hecker H, Schneider U. The
influence of blood alcohol concentrations of around 0.03%
on neuropsychological functions – a double-blind,
placebo-controlled investigation. Addict Biol 2007; 12:
183–9.

26 Cameron E, Sinclair W, Tiplady B. Validity and sensitivity of
a pen computer battery of performance tests. J
Psychopharmacol 2001; 15: 105–10.

27 Moulton PL, Petros TV, Apostal KJ, Park RV, Ronning EA,
King BM, Penland JG. Alcohol-induced impairment and
enhancement of memory: a test of the interference theory.
Physiol Behav 2005; 85: 240–5.

28 Maylor EA, Rabbitt PM. Amount of practice and degree of
attentional control have no influence on the adverse effect
of alcohol in word categorization and visual search tasks.
Percept Psychophys 1988; 44: 117–26.

29 Maylor EA, Rabbitt PM, Kingstone A. Effects of alcohol on
word categorization and recognition memory. Br J Psychol
1987; 78: 233–9.

30 Nagoshi CT, Noll RT, Wood MD. Alcohol expectancies and
behavioral and emotional responses to placebo versus
alcohol administration. Alcohol Clin Exp Res 1992; 16:
255–60.

31 Maylor EA, Rabbitt PM, Kingstone AF. Effects of alcohol on
lexical access. Psychopharmacology (Berl) 1988; 95: 119–23.

32 Lister RG, Gorenstein C, Fisher-Flowers D, Weingartner HJ,
Eckardt MJ. Dissociation of the acute effects of alcohol on
implicit and explicit memory processes. Neuropsychologia
1991; 29: 1205–12.

33 Ray S, Bates ME. Acute alcohol effects on repetition
priming and word recognition memory with equivalent
memory cues. Brain Cogn 2006; 60: 118–27.

34 Ray S, Bates ME, Ely BM. Alcohol’s dissociation of implicit
and explicit memory processes: implications of a parallel
distributed processing model of semantic priming. Exp Clin
Psychopharmacol 2004; 12: 118–25.

35 Abroms BD, Gottlob LR, Fillmore MT. Alcohol effects on
inhibitory control of attention: distinguishing between
intentional and automatic mechanisms.
Psychopharmacology (Berl) 2006; 188: 324–34.

36 Antebi D. The effects of alcohol on four choice serial
reaction time. Med Sci Law 1982; 22: 181–8.

37 Connors GJ, Maisto SA. Effects of alcohol, instructions and
consumption rate and motor performance. J Stud Alcohol
1980; 41: 509–17.

38 Degia A, Meadows R, Johnsen S, Hindmarch I, Boyle J.
Development of a portable psychometric testing device for
use in the field: an alcohol investigation. Percept Mot Skills
2005; 101: 383–92.

39 Grant SA, Millar K, Kenny GN. Blood alcohol concentration
and psychomotor effects. Br J Anaesth 2000; 85: 401–6.

40 Knowles SK, Duka T. Does alcohol affect memory for
emotional and non-emotional experiences in different
ways? Behav Pharmacol 2004; 15: 111–21.

41 Landauer AA, Howat P. Low and moderate alcohol doses,
psychomotor performance and perceived drowsiness.
Ergonomics 1983; 26: 647–57.

42 Maylor EA, Rabbitt PM, Connolly SA. Rate of processing and
judgment of response speed: comparing the effects of
alcohol and practice. Percept Psychophys 1989; 45: 431–8.

43 Maylor EA, Rabbitt PM. Effects of alcohol and practice on
choice reaction time. Percept Psychophys 1987; 42: 465–75.

44 Maylor EA, Rabbitt PM, Sahgal A, Wright C. Effects of
alcohol on speed and accuracy in choice reaction time and
visual search. Acta Psychol (Amst) 1987; 65: 147–63.

45 Millar K, Finnigan F, Hammersley RH. Is residual impairment
after alcohol an effect of repeated performance? Aviat
Space Environ Med 1999; 70: 124–30.

46 Mills KC, Parkman KM, Spruill SEAP. C-based software test
for measuring alcohol and drug effects in human subjects.
Alcohol Clin Exp Res 1996; 20: 1582–91.

47 Mills KC, Bisgrove EZ. Body sway and divided attention
performance under the influence of alcohol: dose-response
differences between males and females. Alcohol Clin Exp
Res 1983; 7: 393–7.

48 Mills KC, Bisgrove EZ. Cognitive impairment and perceived
risk from alcohol. Laboratory, self-report and field
assessments. J Stud Alcohol 1983; 44: 26–46.

49 Niaura RS, Nathan PE, Frankenstein W, Shapiro AP, Brick J.
Gender differences in acute psychomotor, cognitive, and
pharmacokinetic response to alcohol. Addict Behav 1987;
12: 345–56.

50 Schulte T, Muller-Oehring EM, Strasburger H, Warzel H,
Sabel BA. Acute effects of alcohol on divided and covert
attention in men. Psychopharmacology (Berl) 2001; 154:
61–9.

51 Sommer W, Leuthold H, Hermanutz M. Covert effects of
alcohol revealed by event-related potentials. Percept
Psychophys 1993; 54: 127–35.

52 Tiplady B, Drummond GB, Cameron E, Gray E, Hendry J,
Sinclair W, Wright P. Ethanol, errors, and the
speed-accuracy trade-off. Pharmacol Biochem Behav 2001;
69: 635–41.

53 Zwyghuizen-Doorenbos A, Roehrs T, Timms V, Roth T.
Individual differences in the sedating effects of ethanol.
Alcohol Clin Exp Res 1990; 14: 400–4.

R. W. M. Zoethout et al.

344 / 71:3 / Br J Clin Pharmacol



54 do Canto-Pereira LHM, David IDA, Machado-Pinheiro W,
Ranvaud RD. Effects of acute alcohol intoxication on
visuospatial attention. Hum Exp Toxicol 2007; 26: 31119.

55 Rupp TL, Acebo C, Seifer R, Carskadon MA. Effects of a
moderate evening alcohol dose. II: performance. Alcohol
Clin Exp Res 2007; 31: 1365–71.

56 Holdstock L, Penland SN, Morrow AL, de Wit H. Moderate
doses of ethanol fail to increase plasma levels of
neurosteroid 3alpha-hydroxy-5alpha-pregnan-20-one-like
immunoreactivity in healthy men and women.
Psychopharmacology (Berl) 2006; 186: 442–50.

57 de Wit H, Uhlenhuth EH, Pierri J, Johanson CE. Individual
differences in behavioral and subjective responses to
alcohol. Alcohol Clin Exp Res 1987; 11: 52–9.

58 DeWit H, Pierri J, Johanson CE. Assessing individual
differences in ethanol preference using a cumulative
dosing procedure. Psychopharmacology (Berl) 1989; 98:
113–9.

59 Farquhar K, Lambert K, Drummond GB, Tiplady B, Wright P.
Effect of ethanol on psychomotor performance and on risk
taking behaviour. J Psychopharmacol 2002; 16: 379–84.

60 Gengo FM, Gabos C, Straley C, Manning C. The
pharmacodynamics of ethanol: effects on performance and
judgment. J Clin Pharmacol 1990; 30: 748–54.

61 Holdstock L, de Wit H. Ethanol impairs saccadic and
smooth pursuit eye movements without producing
self-reports of sedation. Alcohol Clin Exp Res 1999; 23:
664–72.

62 Holdstock L, de Wit H. Individual differences in the biphasic
effects of ethanol. Alcohol Clin Exp Res 1998; 22: 1903–11.

63 Kennedy RS, Turnage JJ, Wilkes RL, Dunlap WP. Effects of
graded dosages of alcohol on nine computerized
repeated-measures tests. Ergonomics 1993; 36: 1195–222.

64 Kennedy RS, Turnage JJ, Dunlap WP. The use of dose
equivalency as a risk assessment index in behavioral
neurotoxicology. Neurotoxicol Teratol 1992; 14: 167–75.

65 Lukas SE, Lex BW, Slater JP, Greenwald NE, Mendelson JH. A
microanalysis of ethanol-induced disruption of body sway
and psychomotor performance in women.
Psychopharmacology (Berl) 1989; 98: 169–75.

66 Richards JB, Zhang L, Mitchell SH, de Wit H. Delay or
probability discounting in a model of impulsive behavior:
effect of alcohol. J Exp Anal Behav 1999; 71: 121–43.

67 Schweizer TA, Vogel-Sprott M, Danckert J, Roy EA,
Skakum A, Broderick CE. Neuropsychological profile of
acute alcohol intoxication during ascending and
descending blood alcohol concentrations.
Neuropsychopharmacology 2006; 31: 1301–9.

68 Schweizer TA, Vogel-Sprott M, Dixon MJ, Jolicoeur P. The
stage-specific effect of alcohol on human information
processing. Psychopharmacology (Berl) 2005; 178: 52–7.

69 Schweizer TA, Jolicoeur P, Vogel-Sprott M, Dixon MJ. Fast,
but error-prone, responses during acute alcohol
intoxication: effects of stimulus-response mapping
complexity. Alcohol Clin Exp Res 2004; 28: 643–9.

70 Tzambazis K, Stough C. Alcohol impairs speed of
information processing and simple and choice reaction
time and differentially impairs higher-order cognitive
abilities. Alcohol Alcohol 2000; 35: 197–201.

71 Baker SJ, Chrzan GJ, Park CN, Saunders JH. Validation of
human behavioral tests using ethanol as a CNS depressant
model. Neurobehav Toxicol Teratol 1985; 7: 257–61.

72 Jansen AA, de Gier JJ, Slangen JL. Alcohol effects on signal
detection performance. Neuropsychobiology 1985; 14:
83–7.

73 Jones MB, Chronister JL, Kennedy RS. Effects of alcohol on
perceptual speed. Percept Mot Skills 1998; 87: 1247–55.

74 Liguori A, D’Agostino RB Jr, Dworkin SI, Edwards D,
Robinson JH. Alcohol effects on mood, equilibrium, and
simulated driving. Alcohol Clin Exp Res 1999; 23: 815–21.

75 MacCarthy F, Tong JE. Alcohol and velocity perception: II.
Stimulus discrimination. Percept Mot Skills 1980; 51:
968–70.

76 Rammsayer T. Extraversion and alcohol: Eysenck’s drug
postulate revisited. Neuropsychobiology 1995; 32: 197–207.

77 Davidson D, Camara P, Swift R. Behavioral effects and
pharmacokinetics of low-dose intravenous alcohol in
humans. Alcohol Clin Exp Res 1997; 21: 1294–9.

78 Fillmore MT, Vogel-Sprott M. Resistance to cognitive
impairment under alcohol: the role of environmental
consequences. Exp Clin Psychopharmacol 1997; 5: 251–5.

79 Fogarty JN, Vogel-Sprott M. Cognitive processes and motor
skills differ in sensitivity to alcohol impairment. J Stud
Alcohol 2002; 63: 404–11.

80 Lex BW, Greenwald NE, Lukas SE, Slater JP, Mendelson JH.
Blood ethanol levels, self-rated ethanol effects and
cognitive-perceptual tasks. Pharmacol Biochem Behav
1988; 29: 509–15.

81 Linnoila M, Erwin CW, Ramm D, Cleveland WP. Effects of
age and alcohol on psychomotor performance of men. J
Stud Alcohol 1980; 41: 488–95.

82 Ortner CN, MacDonald TK, Olmstead MC. Alcohol
intoxication reduces impulsivity in the delay-discounting
paradigm. Alcohol Alcohol 2003; 38: 151–6.

83 Reynolds B, Richards JB, de Wit H. Acute-alcohol effects on
the Experiential Discounting Task (EDT) and a
question-based measure of delay discounting. Pharmacol
Biochem Behav 2006; 83: 194–202.

84 Watten RG, Magnussen S, Greenlee MW. Spatial-frequency
discrimination, brain lateralisation, and acute intake of
alcohol. Perception 1998; 27: 729–36.

85 Wegner AJ, Fahle M. Alcohol and visual performance. Prog
Neuropsychopharmacol Biol Psychiatry 1999; 23: 465–82.

86 Hoyer WJ, Semenec SC, Buchler NEG. Acute alcohol
intoxication impairs controlled search across the visual
field. J Stud Alcohol Drugs 2007; 68: 748–58.

87 Bartholow BD, Pearson M, Sher KJ, Wieman LC, Fabiani M,
Gratton G. Effects of alcohol consumption and alcohol

Functional biomarkers for the acute CNS effects of alcohol

Br J Clin Pharmacol / 71:3 / 345



susceptibility on cognition: a psychophysiological
examination. Biol Psychol 2003; 64: 167–90.

88 Beirness DJ, Vogel-Sprott MD. Does prior skill reduce
alcohol-induced impairment? J Stud Alcohol 1982; 43:
1149–56.

89 Colzato LS, Erasmus V, Hommel B. Moderate alcohol
consumption in humans impairs feature binding in visual
perception but not across perception and action. Neurosci
Lett 2004; 360: 103–5.

90 Dougherty DM, Marsh DM, Moeller FG, Chokshi RV,
Rosen VC. Effects of moderate and high doses of alcohol
on attention, impulsivity, discriminability, and response bias
in immediate and delayed memory task performance.
Alcohol Clin Exp Res 2000; 24: 1702–11.

91 Drake CL, Roehrs T, Turner L, Scofield HM, Roth T. Caffeine
reversal of ethanol effects on the multiple sleep latency
test, memory, and psychomotor performance.
Neuropsychopharmacology 2003; 28: 371–8.

92 Easdon C, Izenberg A, Armilio ML, Yu H, Alain C. Alcohol
consumption impairs stimulus- and error-related
processing during a Go/No-Go Task. Brain Res Cogn Brain
Res 2005; 25: 873–83.

93 Easdon CM, Vogel-Sprott M. Alcohol and behavioral
control: impaired response inhibition and flexibility in
social drinkers. Exp Clin Psychopharmacol 2000; 8: 387–94.

94 Feely J, Wood AJ. Effects of cimetidine on the elimination
and actions of ethanol. JAMA 1982; 247: 2819–21.

95 Fillmore MT, Marczinski CA, Bowman AM. Acute tolerance
to alcohol effects on inhibitory and activational
mechanisms of behavioral control. J Stud Alcohol 2005; 66:
663–72.

96 Fillmore MT. Environmental dependence of behavioral
control mechanisms: effects of alcohol and information
processing demands. Exp Clin Psychopharmacol 2004; 12:
216–23.

97 Fillmore MT, Blackburn J. Compensating for
alcohol-induced impairment: alcohol expectancies and
behavioral disinhibition. J Stud Alcohol 2002; 63: 237–46.

98 Fillmore MT, Vogel-Sprott M. Response inhibition under
alcohol: effects of cognitive and motivational conflict. J
Stud Alcohol 2000; 61: 239–46.

99 Galbraith NG. Alcohol: its effect on handwriting. J Forensic
Sci 1986; 31: 580–8.

100 Gustafson R, Kallmen H. Effects of alcohol on prolonged
cognitive performance measured with Stroop’s Color Word
Test. Psychol Rep 1990; 67: 643–50.

101 Gustafson R. Effect of small doses of alcohol and signal
intensity on simple auditory reaction time in a
monotonous test situation. Percept Mot Skills 1986; 63:
539–43.

102 Hernandez OH, Vogel-Sprott M, Huchin-Ramirez TC,
Ake-Estrada F. Acute dose of alcohol affects cognitive
components of reaction time to an omitted stimulus:
differences among sensory systems. Psychopharmacology
(Berl) 2006; 184: 75–81.

103 Landauer AA, Howat PA. Alcohol and the cognitive aspects
of choice reaction time. Psychopharmacology (Berl) 1982;
78: 296–7.

104 Marczinski CA, Abroms BD, Van Selst M, Fillmore MT.
Alcohol-induced impairment of behavioral control:
differential effects on engaging vs. disengaging responses.
Psychopharmacology (Berl) 2005; 182: 452–9.

105 Marczinski CA, Fillmore MT. Compensating for
alcohol-induced impairment of control: effects on
inhibition and activation of behavior. Psychopharmacology
(Berl) 2005; 181: 337–46.

106 Marczinski CA, Fillmore MT. Alcohol increases reliance on
cues that signal acts of control. Exp Clin Psychopharmacol
2005; 13: 15–24.

107 Marczinski CA, Fillmore MT. Preresponse cues reduce the
impairing effects of alcohol on the execution and
suppression of responses. Exp Clin Psychopharmacol 2003;
11: 110–7.

108 Mulvihill LE, Skilling TA, Vogel-Sprott M. Alcohol and the
ability to inhibit behavior in men and women. J Stud
Alcohol 1997; 58: 600–5.

109 Nicholson ME, Wang MQ, Airhihenbuwa CO, Mahoney BS,
Maney DW. Predicting alcohol impairment: perceived
intoxication versus BAC. Alcohol Clin Exp Res 1992; 16:
747–50.

110 Nicholson ME, Wang M, Airhihenbuwa CO, Mahoney BS,
Christina R, Maney DW. Variability in behavioral impairment
involved in the rising and falling BAC curve. J Stud Alcohol
1992; 53: 349–56.

111 Pishkin V, Lawrence BE, Bourne LE Jr. Cognitive and
electrophysiologic parameters during ascending and
descending limbs of the blood alcohol curve. Alcohol Clin
Exp Res 1983; 7: 76–82.

112 Post RB, Lott LA, Maddock RJ, Beede JI. An effect of alcohol
on the distribution of spatial attention. J Stud Alcohol
1996; 57: 260–6.

113 Roehrs T, Zwyghuizen-Doorenbos A, Knox M, Moskowitz H,
Roth T. Sedating effects of ethanol and time of drinking.
Alcohol Clin Exp Res 1992; 16: 553–7.

114 Rohrbaugh JW, Stapleton JM, Parasuraman R, Frowein HW,
Adinoff B, Varner JL, Zubovic EA, Lane EA, Eckardt MJ,
Linnoila M. Alcohol intoxication reduces visual sustained
attention. Psychopharmacology (Berl) 1988; 96: 442–6.

115 Ross DF, Pihl RO. Alcohol, self-focus and complex
reaction-time performance. J Stud Alcohol 1988; 49:
115–25.

116 Ryan C, Russo K, Greeley J. Testing the global-slowing
hypothesis: are alcohol’s effects on human performance
process-specific or task-general? Acta Psychol (Amst) 1996;
92: 59–78.

117 Versavel M, Zuhlsdorf M, Unger S, Wensing G, Kuhlmann J.
Concentration-effect relationships of alcohol in a
computerised psychometric test system.
Arzneimittelforschung 2005; 55: 289–95.

R. W. M. Zoethout et al.

346 / 71:3 / Br J Clin Pharmacol



118 Wang MQ, Taylor-Nicholson ME, Airhihenbuwa CO,
Mahoney BS, Fitzhugh EC, Christina R. Psychomotor and
visual performance under the time-course effect of
alcohol. Percept Mot Skills 1992; 75: 1095–106.

119 Weissenborn R, Duka T. Acute alcohol effects on cognitive
function in social drinkers: their relationship to drinking
habits. Psychopharmacology (Berl) 2003; 165: 306–12.

120 Young JA, Pihl RO. Alcohol consumption and response in
men social drinkers; the effects of causal attributions
concerning relative response control. J Stud Alcohol 1982;
43: 334–51.

121 Hernandez OH, Vogel-Sprott M, Ke-Aznar VI. Alcohol
impairs the cognitive component of reaction time to an
omitted stimulus: a replication and an extension. J Stud
Alcohol Drugs 2007; 68: 276–81.

122 Khan SA, Timney B. Alcohol slows interhemispheric
transmission, increases the flash-lag effect, and prolongs
masking: evidence for a slowing of neural processing and
transmission. Vision Res 2007; 47: 1821–32.

123 Duka T, Stephens DN, Russell C, Tasker R. Discriminative
stimulus properties of low doses of ethanol in humans.
Psychopharmacology (Berl) 1998; 136: 379–89.

124 Gustafson R. Effect of alcohol on quantity of creative
production using the Purdue tests. Psychol Rep 1991; 69:
83–90.

125 Dalrymple-Alford JC, Kerr PA, Jones RD. The effects of
alcohol on driving-related sensorimotor performance
across four times of day. J Stud Alcohol 2003; 64: 93–7.

126 Gawron VJ, Ranney TA. The effects of alcohol dosing on
driving performance on a closed course and in a driving
simulator. Ergonomics 1988; 31: 1219–44.

127 Balodis IM, MacDonald TK, Olmstead MC. Instructional cues
modify performance on the Iowa Gambling Task. Brain
Cogn 2006; 60: 109–17.

128 Birnbaum IM, Johnson MK, Hartley JT, Taylor TH. Alcohol
and elaborative schemas for sentences. J Exp Psychol [Hum
Learn] 1980; 6: 293–300.

129 Blekher T, Beard JD, O’Connor S, Orr WE, Ramchandani VA,
Miller K, Yee RD, Li TK. Response of saccadic eye
movements to alcohol in African American and
non-Hispanic White college students. Alcohol Clin Exp Res
2002; 26: 232–8.

130 Fillmore MT, Dixon MJ, Schweizer TA. Differential effects of
alcohol on responses to negatively and positively primed
stimuli. J Stud Alcohol 2000; 61: 872–80.

131 Fillmore MT, Dixon MJ, Schweizer TA. Alcohol affects
processing of ignored stimuli in a negative priming
paradigm. J Stud Alcohol 2000; 61: 571–8.

132 Finn PR, Justus A, Mazas C, Steinmetz JE. Working memory,
executive processes and the effects of alcohol on
Go/No-Go learning: testing a model of behavioral
regulation and impulsivity. Psychopharmacology (Berl)
1999; 146: 465–72.

133 Hutchison KE, Rohsenow D, Monti P, Palfai T, Swift R.
Prepulse inhibition of the startle reflex: preliminary study

of the effects of a low dose of alcohol in humans. Alcohol
Clin Exp Res 1997; 21: 1312–9.

134 Lane SD, Cherek DR, Pietras CJ, Tcheremissine OV. Alcohol
effects on human risk taking. Psychopharmacology (Berl)
2004; 172: 68–77.

135 Donohue KF, Curtin JJ, Patrick CJ, Lang AR. Intoxication
level and emotional response. Emotion 2007; 7: 103–12.

136 Phillips JG, Ogeil RP. Alcohol consumption and computer
blackjack. J Gen Psychol 2007; 134: 333–53.

137 De Cesarei A, Codispoti M, Schupp HT, Stegagno L.
Selectively attending to natural scenes after alcohol
consumption: an ERP analysis. Biol Psychol 2006; 72: 35–45.

138 Lyvers MF, Maltzman I. Selective effects of alcohol on
Wisconsin Card Sorting Test performance. Br J Addict 1991;
86: 399–407.

139 Kearney SA, Guppy A. The effects of alcohol on speed
perception in a closed-course driving situation. J Stud
Alcohol 1988; 49: 340–5.

140 Lapp WM, Collins RL, Zywiak WH, Izzo CV.
Psychopharmacological effects of alcohol on time
perception: the extended balanced placebo design. J Stud
Alcohol 1994; 55: 96–112.

141 McNamee JE, Tong JE, Piggins DJ. Effects of alcohol on
velocity perception: I. Stimulus velocity and change in
performance over time. Percept Mot Skills 1980; 51:
779–85.

142 Tiplady B, Baird R, Lutcke H, Drummond G, Wright P. Effects
of ethanol on kinaesthetic perception. J Psychopharmacol
2005; 19: 627–32.

143 Grattan-Miscio KE, Vogel-Sprott M. Effects of alcohol and
performance incentives on immediate working memory.
Psychopharmacology (Berl) 2005; 181: 188–96.

144 Krause CM, Aromaki A, Sillanmaki L, Astrom T, Alanko K,
Salonen E, Peltola O. Alcohol-induced alterations in
ERD/ERS during an auditory memory task. Alcohol 2002;
26: 145–53.

145 Marinkovic K, Halgren E, Maltzman I. Effects of alcohol on
verbal processing: an event-related potential study. Alcohol
Clin Exp Res 2004; 28: 415–23.

146 Maylor EA, Rabbitt PM. Effect of alcohol on rate of
forgetting. Psychopharmacology (Berl) 1987; 91: 230–5.

147 Saults JS, Cowan N, Sher KJ, Moreno MV. Differential effects
of alcohol on working memory: distinguishing multiple
processes. Exp Clin Psychopharmacol 2007; 15: 576–87.

148 Acheson SK, Stein RM, Swartzwelder HS. Impairment of
semantic and figural memory by acute ethanol:
age-dependent effects. Alcohol Clin Exp Res 1998; 22:
1437–42.

149 Bruce KR, Shestowsky JS, Mayerovitch JI, Pihl RO.
Motivational effects of alcohol on memory consolidation
and heart rate in social drinkers. Alcohol Clin Exp Res 1999;
23: 693–701.

150 Cowan JD. Testing the escape hypotheses. Alcohol helps
users to forget their feelings. J Nerv Ment Dis 1983; 171:
40–8.

Functional biomarkers for the acute CNS effects of alcohol

Br J Clin Pharmacol / 71:3 / 347



151 Erblich J, Earleywine M. Distraction does not impair
memory during intoxication: support for the
attention-allocation model. J Stud Alcohol 1995; 56: 444–8.

152 Mann RE, Cho-Young J, Vogel-Sprott M. Retrograde
enhancement by alcohol of delayed free recall
performance. Pharmacol Biochem Behav 1984; 20: 639–42.

153 Mueller CW, Lisman SA, Spear NE. Alcohol enhancement of
human memory: tests of consolidation and interference
hypotheses. Psychopharmacology (Berl) 1983; 80: 226–30.

154 Schandler SL, Cohen MJ, Naliboff BD. Alcohol-influenced
changes in activation peaking during paired-associate
verbal learning. J Stud Alcohol 1984; 45: 493–9.

155 Tyson PD, Schirmuly M. Memory enhancement after
drinking ethanol: consolidation, interference, or response
bias? Physiol Behav 1994; 56: 933–7.

156 Weissenborn R, Duka T. State-dependent effects of alcohol
on explicit memory: the role of semantic associations.
Psychopharmacology (Berl) 2000; 149: 98–106.

157 Bruce KR, Pihl RO. Forget ‘drinking to forget’: enhanced
consolidation of emotionally charged memory by alcohol.
Exp Clin Psychopharmacol 1997; 5: 242–50.

158 Duka T, Weissenborn R, Dienes Z. State-dependent effects
of alcohol on recollective experience, familiarity and
awareness of memories. Psychopharmacology (Berl) 2001;
153: 295–306.

159 Williams HL, Rundell OH. Effect of alcohol on recall and
recognition as functions of processing levels. J Stud
Alcohol 1984; 45: 10–5.

160 Jones MK, Jones BM. The relationship of age and drinking
habits to the effects of alcohol on memory in women. J
Stud Alcohol 1980; 41: 179–86.

161 Tracy JI, Bates ME. The selective effects of alcohol on
automatic and effortful memory processes.
Neuropsychology 1999; 13: 282–90.

162 Weintraub AL, Goldman MS. Alcohol and proactive
interference: a test of response eccentricity theory of
alcohol’s psychological effects. Addict Behav 1983; 8:
151–66.

163 Birnbaum IM, Taylor TH, Johnson MK, Raye CL. Is event
frequency encoded automatically? The case of alcohol
intoxication. J Exp Psychol Learn Mem Cogn 1987; 13:
251–8.

164 Fillmore MT, Vogel-Sprott M, Gavrilescu D. Alcohol effects
on intentional behavior: dissociating controlled and
automatic influences. Exp Clin Psychopharmacol 1999; 7:
372–8.

165 Grattan KE, Vogel-Sprott M. Maintaining intentional control
of behavior under alcohol. Alcohol Clin Exp Res 2001; 25:
192–7.

166 Kirchner TR, Sayette MA. Effects of alcohol on controlled
and automatic memory processes. Exp Clin
Psychopharmacol 2003; 11: 167–75.

167 Lowe G. Alcohol and state-dependent learning. Subst
Alcohol Actions Misuse 1983; 4: 273–82.

168 Mundt JC, Perrine MW, Searles JS. Individual differences in
alcohol responsivity: physiological, psychomotor and
subjective response domains. J Stud Alcohol 1997; 58:
130–40.

169 Vogel-Sprott M, Barrett P. Age, drinking habits and the
effects of alcohol. J Stud Alcohol 1984; 45: 517–21.

170 Jones AW, Neri A. Age-related differences in the effects of
ethanol on performance and behaviour in healthy men.
Alcohol Alcohol 1994; 29: 171–9.

171 Jones AW. Pharmacokinetics of ethanol in saliva:
comparison with blood and breath alcohol profiles,
subjective feelings of intoxication, and diminished
performance. Clin Chem 1993; 39: 1837–44.

172 Ledin T, Odkvist LM. Effect of alcohol measured by dynamic
posturography. Acta Otolaryngol Suppl 1991; 481: 576–81.

173 Martin NG, Oakeshott JG, Gibson JB, Wilks AV, Starmer GA,
Whitfield JB. Prodromus to a twin study of sensitivity to
intoxication and alcohol metabolism. Aust N Z J Med 1981;
11: 140–3.

174 Martinez TT, Martinez RR. Failure of standardized
psychophysical tests for DWI to distinguish between blood
alcohol levels of 0.000 and 0.080 to 0.125 g/dl. Proc West
Pharmacol Soc 2003; 46: 170–3.

175 O’Malley SS, Maisto SA. Factors affecting the perception of
intoxication: dose, tolerance, and setting. Addict Behav
1984; 9: 111–20.

176 Addicott MA, Marsh-Richard DM, Mathias CW,
Dougherty DM. The biphasic effects of alcohol:
comparisons of subjective and objective measures of
stimulation, sedation, and physical activity. Alcohol Clin Exp
Res 2007; 31: 1883–90.

177 Asicioglu F, Turan N. Handwriting changes under the effect
of alcohol. Forensic Sci Int 2003; 132: 201–10.

178 Beirness D, Vogel-Sprott M. The development of alcohol
tolerance: acute recovery as a predictor.
Psychopharmacology (Berl) 1984; 84: 398–401.

179 Fillmore MT. Reliability of a computerized assessment of
psychomotor performance and its sensitivity to
alcohol-induced impairment. Percept Mot Skills 2003; 97:
21–34.

180 Fillmore MT, Vogel-Sprott M. Behavioral impairment under
alcohol: cognitive and pharmacokinetic factors. Alcohol
Clin Exp Res 1998; 22: 1476–82.

181 Fillmore MT, Vogel-Sprott M. Evidence that expectancies
mediate behavioral impairment under alcohol. J Stud
Alcohol 1996; 57: 598–603.

182 Fillmore MT, Vogel-Sprott M. Social drinking history,
behavioral tolerance and the expectation of alcohol.
Psychopharmacology (Berl) 1996; 127: 359–64.

183 Fillmore MT, Vogel-Sprott M. Expectancies about
alcohol-induced motor impairment predict individual
differences in responses to alcohol and placebo. J Stud
Alcohol 1995; 56: 90–8.

184 George WH, Raynor JO, Nochajski TH. Resistance to alcohol
impairment of visual-motor performance. II: effects for

R. W. M. Zoethout et al.

348 / 71:3 / Br J Clin Pharmacol



attentional set and self-reported concentration. Pharmacol
Biochem Behav 1990; 36: 261–6.

185 Harrison EL, Fillmore MT. Social drinkers underestimate the
additive impairing effects of alcohol and visual
degradation on behavioral functioning.
Psychopharmacology (Berl) 2005; 177: 459–64.

186 Haubenreisser T, Vogel-Sprott M. Tolerance development in
humans with task practice on different limbs of the
blood-alcohol curve. Psychopharmacology (Berl) 1983; 81:
350–3.

187 Thomson JB, Newlin DB. Effects of alcohol conditioning
and expectancy on a visuo-motor integration task. Addict
Behav 1988; 13: 73–7.

188 Vogel-Sprott M, Fillmore MT. Impairment and recovery
under repeated doses of alcohol: effects of
response-outcomes. Pharmacol Biochem Behav 1993; 45:
59–63.

189 Vogel-Sprott M, Rawana E, Webster R. Mental rehearsal of a
task under ethanol facilitates tolerance. Pharmacol
Biochem Behav 1984; 21: 329–31.

190 Zack M, Vogel-Sprott M. Response outcomes affect the
retention of behavioral tolerance to alcohol: information
and incentive. Psychopharmacology (Berl) 1993; 113:
269–73.

191 Lukas SE, Mendelson JH. Electroencephalographic activity
and plasma ACTH during ethanol-induced euphoria. Biol
Psychiatry 1988; 23: 141–8.

192 Cohen HL, Porjesz B, Begleiter H. Ethanol-induced
alterations in electroencephalographic activity in adult
males. Neuropsychopharmacology 1993; 8: 365–70.

193 Ehlers CL, Garcia-Andrade C, Wall TL, Cloutier D, Phillips E.
Electroencephalographic responses to alcohol challenge in
Native American Mission Indians. Biol Psychiatry 1999; 45:
776–87.

194 Ehlers CL, Wall TL, Schuckit MA. EEG spectral characteristics
following ethanol administration in young men.
Electroencephalogr Clin Neurophysiol 1989; 73: 179–87.

195 Lukas SE, Mendelson JH, Benedikt RA, Jones B. EEG alpha
activity increases during transient episodes of
ethanol-induced euphoria. Pharmacol Biochem Behav
1986; 25: 889–95.

196 Nikulin VV, Nikulina AV, Yamashita H, Rossi EM, Kahkonen S.
Effects of alcohol on spontaneous neuronal oscillations: a
combined magnetoencephalography and
electroencephalography study. Prog
Neuropsychopharmacol Biol Psychiatry 2005; 29: 687–93.

197 Stenberg G, Sano M, Rosen I, Ingvar DH. EEG topography of
acute ethanol effects in resting and activated normals. J
Stud Alcohol 1994; 55: 645–56.

198 Bartholow BD, Pearson MA, Gratton G, Fabiani M. Effects of
alcohol on person perception: a social cognitive
neuroscience approach. J Pers Soc Psychol 2003; 85:
627–38.

199 Chiang HH, Young YH. Impact of alcohol on vestibular
function in relation to the legal limit of 0.25 mg/l breath
alcohol concentration. Audiol Neurootol 2007; 12: 183–8.

200 Erwin CW, Linnoila M. Effect of ethyl alcohol on visual
evoked potentials. Alcohol Clin Exp Res 1981; 5: 49–55.

201 Quintyn JC, Massy J, Quillard M, Brasseur G. Effects of low
alcohol consumption on visual evoked potential, visual
field and visual contrast sensitivity. Acta Ophthalmol Scand
1999; 77: 23–6.

202 Rohrbaugh JW, Stapleton JM, Parasuraman R, Zubovic EA,
Frowein HW, Varner JL, Adinoff B, Lane EA, Eckardt MJ,
Linnoila M. Dose-related effects of ethanol on visual
sustained attention and event-related potentials. Alcohol
1987; 4: 293–300.

203 Skalka HW, Helms H, Holman J. Effects of ethyl alcohol on
VECP. Doc Ophthalmol 1986; 62: 47–51.

204 Teo RK, Ferguson DA. The acute effects of ethanol on
auditory event-related potentials. Psychopharmacology
(Berl) 1986; 90: 179–84.

205 Zuzewicz W. Ethyl alcohol effect on the visual evoked
potential. Acta Physiol Pol 1981; 32: 93–8.

206 Franken IHA, Nijs IMT, Muris P, Van Strien JW. Alcohol
selectively reduces brain activity during the affective
processing of negative information. Alcohol Clin Exp Res
2007; 31: 919–27.

207 McNamee JE, Piggins D, Tong J. Confirmation of the
influence of alcohol on heterophoria using a vision
screener. Am J Optom Physiol Opt 1981; 58: 761–5.

208 Harder T, Reker U. Influence of low dose alcohol on fixation
suppression. Acta Otolaryngol Suppl 1995; 520: 33–6.

209 Nyberg S, Wahlstrom G, Backstrom T, Poromaa IS. No
difference in responsiveness to a low dose of alcohol
between healthy women and men. Pharmacol Biochem
Behav 2004; 78: 603–10.

210 Watten RG, Lie I. The effects of alcohol on eye movements
during reading. Alcohol Alcohol 1997; 32: 275–80.

211 Wegner AJ, Fahle M. Alcohol and visually guided saccades:
gap effect and predictability of target location.
Psychopharmacology (Berl) 1999; 146: 24–32.

212 Block AJ. Alcohol ingestion does not cause
sleep-disordered breathing in premenopausal women.
Alcohol Clin Exp Res 1984; 8: 397–8.

213 Walsh JK, Humm T, Muehlbach MJ, Sugerman JL,
Schweitzer PK. Sedative effects of ethanol at night. J Stud
Alcohol 1991; 52: 597–600.

214 Rupp TL, Acebo C, Van Reen E, Carskadon MA. Effects of a
moderate evening alcohol dose. I: sleepiness. Alcohol Clin
Exp Res 2007; 31: 1358–64.

215 Patel SJ, Bollhoefer AD, Doty RL. Influences of ethanol
ingestion on olfactory function in humans.
Psychopharmacology (Berl) 2004; 171: 429–34.

216 Watten RG, Lie I. Visual functions and acute ingestion of
alcohol. Ophthalmic Physiol Opt 1996; 16: 460–6.

217 Hafstrom A, Modig F, Karlberg M, Fransson PA. Increased
visual dependence and otolith dysfunction with alcohol
intoxication. Neuroreport 2007; 18: 391–4.

Functional biomarkers for the acute CNS effects of alcohol

Br J Clin Pharmacol / 71:3 / 349



218 Pierucci-Lagha A, Covault J, Feinn R, Khisti RT, Morrow AL,
Marx CE, Shampine LJ, Kranzler HR. Subjective effects and
changes in steroid hormone concentrations in humans
following acute consumption of alcohol.
Psychopharmacology (Berl) 2006; 186: 451–61.

219 Soderlund H, Parker ES, Schwartz BL, Tulving E. Memory
encoding and retrieval on the ascending and descending
limbs of the blood alcohol concentration curve.
Psychopharmacology (Berl) 2005; 182: 305–17.

220 Wilkie H, Stewart SH. Reinforcing mood effects of alcohol in
coping and enhancement motivated drinkers. Alcohol Clin
Exp Res 2005; 29: 829–36.

221 Zeichner A, Allen JD, Petrie CD, Rasmussen PR, Giancola P.
Attention allocation: effects of alcohol and information
salience on attentional processes in male social drinkers.
Alcohol Clin Exp Res 1993; 17: 727–32.

222 Lindman R. On the direct estimation of mood change.
Percept Psychophys 1985; 37: 170–4.

223 Fillmore MT. Cognitive preoccupation with alcohol and
binge drinking in college students: alcohol-induced
priming of the motivation to drink. Psychol Addict Behav
2001; 15: 325–32.

224 Field M, Duka T. Cues paired with a low dose of alcohol
acquire conditioned incentive properties in social drinkers.
Psychopharmacology (Berl) 2002; 159: 325–34.

225 Lukas SE, Mendelson JH, Benedikt RA. Instrumental analysis
of ethanol-induced intoxication in human males.
Psychopharmacology (Berl) 1986; 89: 8–13.

226 Lyvers MF, Maltzman I. The balanced placebo design:
effects of alcohol and beverage instructions cannot be
independently assessed. Int J Addict 1991; 26: 963–72.

227 MacDonald TK, Zanna MP, Fong GT. Decision making in
altered states: effects of alcohol on attitudes towards
drinking and driving. J Pers Soc Psychol 1995; 68: 973–85.

228 O’Boyle DJ, Binns AS, Sumner JJ. On the efficacy of alcohol
placebos in inducing feelings of intoxication.
Psychopharmacology (Berl) 1994; 115: 229–36.

229 Sher KJ. Subjective effects of alcohol: the influence of
setting and individual differences in alcohol expectancies. J
Stud Alcohol 1985; 46: 137–46.

230 Gustafson R, Kallmen H. Alcohol effects on cognitive and
personality style in women with special reference to
primary and secondary process. Alcohol Clin Exp Res 1989;
13: 644–8.

231 Harrison EL, Fillmore MT. Transfer of learning to
compensate for impairment by alcohol and visual
degradation. Psychopharmacology (Berl) 2005; 182: 461–7.

232 Borg S, Kvande H, Mossberg D, Valverius P, Sedvall G.
Central nervous system noradrenaline metabolism and
alcohol consumption in man. Pharmacol Biochem Behav
1983; 18 (Suppl. 1): 375–8.

233 Inder WJ, Joyce PR, Wells JE, Evans MJ, Ellis MJ, Mattioli L,
Donald RA. The acute effects of oral ethanol on the
hypothalamic-pituitary-adrenal axis in normal human
subjects. Clin Endocrinol (Oxf ) 1995; 42: 65–71.

234 Sarkola T, Makisalo H, Fukunaga T, Eriksson CJ. Acute effect
of alcohol on estradiol, estrone, progesterone, prolactin,
cortisol, and luteinizing hormone in premenopausal
women. Alcohol Clin Exp Res 1999; 23: 976–82.

235 Boyer JC, Bancel E, Perray PF, Pouderoux P, Balmes JL,
Bali JP. Effect of champagne compared to still white wine
on peripheral neurotransmitter concentrations. Int J Vitam
Nutr Res 2004; 74: 321–8.

236 Rupp TL, Acebo C, Carskadon MA. Evening alcohol
suppresses salivary melatonin in young adults. Chronobiol
Int 2007; 24: 463–70.

R. W. M. Zoethout et al.

350 / 71:3 / Br J Clin Pharmacol


