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Low-Dose ALcoHolL Errects oN HUMAN BEHAVIOR AND PERFORMANCE:
A Review ofF Post-1984 RESEARCH

“The most striking feature to emerge from any review of the effects of alcobol on bebaviour is the
marked lack of agreement between authors, amounting, in many instances, to direct contradiction.

This is especially true for the effects of smaller doses.”

In an extensive 1959 study of 34 males and 5
females, Drew and colleagues (18) examined perfor-
mance in a driving simulator and found that tracking
errors increased linearly with dose and that the thresh-
old for this deficit was below the blood alcohol con-
centrations (BAC) tested (20-30 mg%). [Note: BAC
measurements are determined by dividing the mg%
by the milligrams in a liter (1000); therefore, 20 mg%
would yield a BAC measure of 0.02%.] This finding
frames one key issue for the present review, i.e., is
there really a dose threshold for alcohol impairing
effects, and if so, on which tasks or functions? The
focus of the present review is on low dose alcohol
effects on human behavior and performance, on the
shape of the alcohol dose-effect curve for each kind or
class of behaviors, and on potential mediator factors
that may influence individual sensitivity to alcohol.
Only empirical studies from 1985 to mid-1993 were
examined, principally because of a cluster of major
and minor reviews on the topic in the mid-1970s to
1990. The first section summarizes several of these
reviews. The second section summarizes the em-
pirical studies from 1985 to mid-1993, and the
final section examines possible factors that may
mediate oralter alcohol sensitivity at various doses.

Reviews: 1975 to 1990

While the general scope of this review covers the
period from 1985 to mid-1993, one 1970s review of
alcohol’s effects on human performance is worthy of
mention for its systematic approach in classifying
skills involved in various performance tasks. Levine,
Kramer and Levine (75) examined 179 Engli"s‘fi lan-
guage studies (sampling period and study references
notincluded). They presented their analysis on a final
set of 41 studies after applying an extensive set of
criteria, chief of which involved the availability of

G.C. Drew and colleagues (18)

analyzable performance dara and their ability to calcu-
late alcohol dosage in g/kg; no information on blood
alcohol concentration (BAC) was used. All the perfor-
mance tasks in this sample were classified into three
specific abilities and three corresponding major do-
mains of abilities required for performance: (a) selec-
tive attention (cognitive domain), (b} perceptual speed
(perceptual-sensory domain), and (c) control preci-
sion (psychomotor domain). Clearly, many of the
performance tasks required more than one ability.
Their other principal parameters were dose and time
since alcohol administration.

When the ability domains were analyzed, psychomo-
tor tasks were found to be the least impaired (8-10%
decrements at 0.4-0.5 g/kg) and perceptual-sensory
tasks the most impaired (15-20% decrements at 0.4-
0.5 gfkg), with cognitive tasks being intermediate
(10-15% decrements at 0.4-0.5 g’kg). However, when
specific abilities were analyzed as being the predomi-
nant ability, selective attention tasks were most im-
paired (35-40% decrements at 0.4-0.5 g/kg), with
perceptual speed and control precision tasks being
only mildly impaired (8-10% decrement at 0.4-0.5 g/
kg). All tasks were most impaired one hour after
alcohol administration. While the review provides an
interesting analysis, the study sample is relatively
small and the variance at each dose may call into
question the authors’ performance/dose curve-fitting
technique.

In one of the more extensive U.S. reviews of low-
dose ethanol effects, the database of Moskowitz
and Robinson’s 1988 review (123) contained 177
English language citations from the years 1940 to
1985. Their final sample of 158 studies were those
in which alcohol produced impairment on at least
one of nine behavioral categories and in which
blood ethanol concentration could be calculated.



Table 1 summarizes their key findings, presenting
three indices of alcohol effect derived from this review’s
(123) summary tables, i.c., (a) the lowest BAC pro-
ducing impairment, (b) the percent of studies show-
ing impairment at BACs of 50 mg% or lower, and (c)
the lowest BAC producing impairment for the me-
dian number of studies. Basically, divided attention
and tracking tasks (in that order) proved to be the
most sensitive to low doses, and tasks having primarily
vigilance and perception components were the least
sensitive. The lowest BAC producing impairment (for
the median number of studies) on divided attention or
tracking tasks was 50 and 55 mg% respectively. The
comparable metric for other categories of perfor-
mance was 70 mg% or higher. This relatively lower
sensitivity for such performance as reaction time is
highlighted by the fact that the highest BAC for the
median number of studies reporting no reaction-time
impairment was 55 mg%. A key problem, among
others, in interpreting the data presented in this
review, was the lack of information concerning the
actual doses tested. For example, many of the studies
only examined alimited ethanol dose range and some-
times, only one dose. Nevertheless, the authors sum-
marize their review with, “It is apparent that there is
no threshold BAC below which impairment effects
are absent.... On the basis of present results it can be
asserted that BACs of 0.03% or less are sufficient to
affect skills relevant to driving, and it is concluded
that there is ample scientific evidence to justify the
reduction of legal BAC limits to 0.05% or lower.”
(123, p. G5).

Two other reviews on alcohol’s effects on human
performance and driving-related skills (77, 114) span
the same sampling period as that of Moskowitz and
Robinson (123). Mitchell’s review was based on 49
alcohol-human performance studies, only 22 of which
were also included in Moskowitz & Robinson’s crite-
rion sample. Mitchell reached somewhat different
conclusions from those of Moskowitz & Robinson
(123). Specifically, Mitchell (114) concluded that
there is no consistent evidence for alcohol-related
impairment in the central nervous system function or
in any behavioral skill with BACs less than 50 mg%.
Heargued that the rare findings of low BAC effects are

based on limited dose ranges, reflect small effects
(<10%), and may simply reflect differential tolerance
effects across tasks. He basically concluded that the
studies reviewed support a threshold hypothesis for
alcohol-related impairment.

The Linnoila, et al., (77) review more explicitly
attempted to relate alcohol’s effect on specific func-
tions to driving-related skills, using as an anchor point
the increased risk of accidents at BACs between 50
and 80 mg%. These authors noted the increased risk
for accidents by younger men and for females at given
BAGs. They indicated that alcohol’s effects on per-
ceptual-motor functions suggest that the following
driving-related performance parameters may be dis-
turbed at moderate BACs: attention to events in
peripheral visual field, estimation of vehicular speed,
range of scanning of visual field, and ability to focus
on a target, They cited evidence that in simulated
driving tasks, impairment of tracking and driving-
stmulator performance occurred at BACs as low as 30
mg% and 50 mg%, respectively. Their examination of
skilled performance (compensatory and pursuit track-
ing, etc.) suggested that impairment at BACs below
50 mg% was most likely in multiple task studies
involving divided attention, high information load,
and/or high stimulus-response complexity, The au-
thors also discussed the speed-accuracy trade-off func-
tion, i.e., decreased speed and less errors or maintained
speed and increased errors. They concluded that etha-
nol-induced impairments in laboratory studies begin
at BACs of 25-30 mg%, well below the increased
accident risk range of 50-80 mg% seen in epidemio-
logical studies. They noted that several individual
difference factors may influence the latter discrep-
ancy, e.g., task-, experience-, and/or context-specific
tolerance, practice, time-of-day, age, and gender.

One of the limitations of the reviews discussed thus
far is the exclusion of non-English language citations.
The deficiency has been remedied in part by a massive
review of low-dose alcohol effects published by Pro-
fessor Hans-Peter Kriiger and his colleagues at the
University of Wiirzburg in Germany (full text: (68);
summaries: (65-66)). An English translation of the
full text to be published by the National Institute on
Alcohol Abuse and Alcoholism (NIAAA) is now in



press (67). This review, based on the application of
strict criteria to approximately 100,000 references, iden-
tified 1126 references citing BACs of less than 84 mg%.
.~ Professor Kriiger (66) noted that two of the limita-
“tions of earlier reviews are their narrow scope (i.c.,
performance only, and not mood and other behav-
iors) and their qualitative, rather than quantitative
evaluations; Applying more stringent criteria to the
‘original database, 206 papers were used in a second
canalysis; He proposed a schema that distinguishes
‘ between subjective and objective effects of alcohol.
© Subjective effects included main effects, relating to
the intention to drink, including positive mood (plea-
sure, arousal, etc.} and social feelings (aggressive,
sexual, etc.) and side effects relating to undesirable
consequences of drinking (intoxication, physical con-
sequences, etc.). The objective effects were catego-
rized as social behaviors (aggressive, sexual, erc.),
psychophysical functions (eye movement, binocular
vision, vigilance, memory, posture, etc.) and perfor-
mances. Based on cognitive theory, the performances
category was further divided into automatic behav-
iors (easy tracking, simple and choice reaction time,
mental arithmetic, cancellation and categorization
tests, concentrated attention, etc.), controlled behav-
iors (difficult tracking, divided attention tasks, infor-
mation processing/decoding, eye-hand coordination,
etc.), and driving behaviors (automobile, aircraft or
simulators),
Using this schema, a meta-analysis of the degree of

alcohol effects utilizing both regression and survival .

analysis techniques, was applied to the criterion sample.
In the domain of subjective effects and social behav-
iot, Kriiger (66) found a linear increase in negative
side-effects with increasing BACs, but curvilineay
BAC-effect functions for positive mood, (maximum
effect at 50-60 mg%), for social behaviors (maximum!\

effects at 40-50 mg%), and for social feelings (maximum

effect at 20-70 mg%). The abrupt reduction in the lacter
effects at higher BACs was interpreted as reflecting an
interaction with alcohol’s negative side effects.

The survival analyses of performance utilized both
survival (proportion of performance intact) and haz-
ard (portion of performance now at risk) function
curves (66). Hazard functions for all categories were
found to rise sharply at BACs of 50-60 mg%.

Psychophysical Functions. While physiological vi-
sual functions could be impaired below 30 mg%,
visual perception functions were generally found to be
preserved well above BACs of 50 mg% and memory
functions were generally intact at BACs below 80
mg%. Generalized sedative-related impairment of

« psychophysical functions began at about 100 mg%.

Automatic Performances wete first impaired at
40-50 mg%, depending on location on the ascending
{most impaired) and descending (less impaired) BAC
curve. Kriiger noted that most of these tasks were
highly and/or easily practiced and could be facilitated
by the attention-focusing (i.e., reduction of attention
to peripheral effects) effect of low alcohol doses.
Generally, clear-cut impairment of automatic behav-
iors were not seen below 50 mg%.

Controlled Performances. Decrements could be

‘detected as low as 30 mg%, especially on the ascend-

ing BAC limb and rose sharply, with all task compo-
nents impaired above 70-80 mg%. Kriiger (66) noted
that many of these tasks involved multiple loci of
processing and control, which must operate in parallel
and/or serially on common information. He further
suggested that the critical dimension of multiple rask
performance may be the “horizontal-cumulative” vet-
sus “vertical-hierarchical” (affected by BACs of 40-50
mg% and beyond) dimension, rather than “casy/
difficult” or “low/high demand.”

Driving Studies. Highly-practiced driving perfor-

/mance in eventful, closed-course studies was generally

not found to be impaired until BACs of 60-70 mg%.
Kriiger (66) suggested that the distinction between
automatic and controlled behaviors clearly applied to
driving in traffic. Alcohol effects on automatic behav-
iors (e.g., turning) were seen only above 50 mg% and
in non-demanding situations, only at 70-80 mg%,
while clear effects could be seen at 30-40 mg% in
wraffic situations requiring controlled processes (e.g.,
quickly-changing events) or having high social va-
lence (e.g., heavy traffic, passengers, etc.).

The only other comprehensive review found was
that of Finnigan and Hammersley (27), published in
1993. This review examined 138 papers, 90% of
which dated from 1980 to 1992. The review covered
four basic areas: methodological problems, models of
the psychopharmacology of alcohol, basic acute effects



(vask analysis), and mediators of alcohol performance
relationships. The authors argued that meta-analysis
{like that of Kriiger (65-68)) may be limited because
of study differences in dose, method, and task. Several
methodological recommendations were made, includ-
ing (1) adequate baseline and practice on tasks, (2) use
of between, and not within, subjects designs, (3)
adequate sample, and (4) use of placebo conditions.
They noted that only half of the studies reviewed used
between subjects designs and only 40% recorded
baseline measures. Like Levine, et al., (75), the au-
thors reviewed articles on acute alcohol effects on
various kinds of performance tasks, categorized as
motor skills, driving simulations, perception, memory,
and reaction-time/decision making. The authors con-
cluded that alcohol produces a general slowing of
mental functions, which likely affect the whole range
of mental functions. Finally, this review considered
several candidate mediators of alcoho effects, includ-
ing nutritional status (affecting BAC), time since
dosing (acute tolerance and hangover effects), judg-
ment of intoxication (how perceived intoxication af-
fected performance), expectancy effects (recruitment
of compensatory responses), and individual differ-
ences in metabolism or sensitivity (gender, age, etc.).
The latter mediators were thought to potentially af-
fect whether low doses produced significant effects or
not. The authors concluded that alcoho] clearly af-
fected performance on all tasks examined, except
perhaps those assessing basic perceprual processes.
Thus, in their view, the dose-related slowing of func-
tions would depend on what constellation of func-
tions are necessary in given tasks (see 75).

Summary of Comprehensive Reviews, With the
exception of one review (114), all the others con-
cluded that performance decrements and behavioral
effects could be produced by low alcohol doses or
blood levels. Four of the reviews suggested that the
kinds of performance or behaviors differentially sen-
sitive to low alcohol doses or levels depended on: {(a)
the analysis of skills or abilities (selective attention
being most sensitive (75)); (b} the kind of task (di-
vided attention tasks being most sensitive (123)); (c)
task characreristics (multiple tasks with high demand
and/or complexity (77)); and (d) categories of alcohol
effects (negative subjective cffects and controlled per-

formance bcing most sensitive {(66)). In a variant of
this differential sensitivity hypothesis, one review
(27) suggested that alcohol affected all behaviors
examined and that apparent differentially sensitivity
results from the cumulative effects of alcohol on
various aspects or components of different tasks (see
66).

In addition to the latter major reviews, several
other articles focused on low dose alcohol effects on
selected measures and on other factors which may
affect alcohol sensitivity and/or its consequences. These
reviews and commentaries are summarized in Table 2.
Many of the reviews of alcohol’s effects on perfor-
mance in driving or flight simulators are not compre-
hensive but rather, are generally based on positive
incidence studics, i.e., those in which impairment is
found.

In recent years, some alcohol investigators have
begun to conduct reliability studies on their assess-
ment measures (4, 88, 126-128, 191, 198). However,
a key set of articles by Parrotr (139-141) emphagised
the general lack of basic reliability and validity seudies
on human performance tests—péints also made in the
Finnigan and Hammersley review (27). Another,
troublesome methodological problem for human per-
formance is acute tolerance. For example, Radlow and
Hurst (151), examined the correspondence berween
BAC and subjective alcohol effect and found that the
subjective measure peaked 24 minutes earlier than the
peak BAC and also declined more rapidly. Few human
performance studies of this kind have been attempted
(see 59). The recent book by Vogel-Sprott (189) also
is an excellent source, compiling her two decades of
research on the role of practice, reinforced perfor-
mance feedback and expectancy on the sensitivity of
human performance to alcohol’s impairing effects.

Post-1984 Empirical Studies on Acute Alcohol
Effects

The second objective of this review was to examine
empirical scudies of “low dose” alcohol effects on human
performance from studies published becween 1985 and
mid-1993. Studies on other alcohol effects was included
as concomitant tests. The general literature collection
methodology used was a Medline search coupled with
extensive cross-referencing when appropriate articles




were found. Generally, non-English articles were not
included in the literature sample. In presenting the
data, attention was focused on the following pharma-
cological parameters: single versus multiple dose stud-
ies; sampling time and magnitude of BACs, time since
alcohol administration, and, where possible, informa-
tion on ascending-descending limbs of the BAC curve,
Remarkably, of the 155 empirical studies reviewed,

only seven failed to measure and/or report BACs (15, _

35,53,55,109, 118, 146); data from these studies are
not included in the present literature analysis. In
presenting the data from empirical studies on alcohol
effects, an attempt was made to utilize the general
alcohol effect schema of Kriiger (66), i.e., subjective
effects (intoxication and positive effects) and objec-
tive effects (functions, automatic behaviors, con-
trolled behaviors, and driving/flying/simulator
performance).

Subjective Effects. Tables 3A and 3B summarize
findings on alcohol’s dose related effects on subjective
reports for multiple dose (either between or within
subjects) and single-dose studies, respectively. While
alcohol’s effects are presented separately for singleand
multi-dose studies in these tables and the following
ones, no differences in alcohol sensitivity were noted
between single and multi-dose data. From this sum-
mary, studies using tests of “negative” effects of alco-
hol (e.g., “drunk,” judgments of impaired performance,
“dizzy,”) were placed in the category of “intoxica-
tion,” while those indicative of a pleasant or euphoric
state were categotized as “positive” mood. Figure 1
illustrates “dose-effect curves” for intoxication (top)
and positive mood (bottom) effects. This type of
graphic depiction is not a genuine dose-effect curve,
in that the actual magnitude of alcohol’s effect is not
used. In this and the remaining figures, “% Reporting
Significant Effects (or Impairment)” was based on
each separate study (or test, in the case of multiple
tests within a given study) showing a significant or
non-significant alcohol effect at the BAC range listed
on the ordinate. A total of 64 tests (38 studies)
examined subjective effects of alcohol; 31.2% of these
tests were at BACs at or below 40 mg%. Figure 1
clearly indicates that 75% of the tests for subjective
intoxication are significant at BACs as low as 21-40
mg%, with an “asymptote” (100% significant tests,

i.e., p<.05) in the 41-60 mg% range. The shape of the
curve also is suggestive of a threshold effect for these
negative subjective consequences of alcohol. On the
other hand, at the 21-40 mg% BAC range, only 40%
of the tests for positive mood were significant, with an
asymptote at the 61-80 mg% BAC range. Further-
more, positive mood effects diminished at higher
BAC:s (see Kriiger's discussion of this issue (66-67)).
Thus, it would appear that an individual’s detection
of the alcohol state is generally based more on “nega-
tive” subjective effects than positive ones, given the
apparent differential low-dose effects implied by Fig-
ure 1. Furthermore, the alcohol dose-incidence curve
for negative subjective effects displays a sharp linear
rise to asymptote, while positive subjective effects
appear to follow a curvilinear course. The lacter set of
dose-incidence curves for positive and negative effects
is similar to that reported by Kriiger (65-68)).
Psychophysical Functions. Tables 4A and 4B sum-
marize the findings of studies examining Kriiger’s

fer to basic physiological effects (e.g., oculomotor,

(psychophysical function category. Functions here re-

| heart rate, etc.), sensory-perceptual functions (e.g.,

\ visual critical flicker fusion or CFF or simple vigi-

| lance) and other psychological functions, including,

{for example, memory. A total of 92 tests (41 studies)
examined alcohol’s effects on psychophysical func-
tions with 29% of these tests sampling BACs at or
below 40 mg%. Figure 2 illustrates the impairment in
function found for one test of visual function (CFF)
and for all other tests of function (including eye
movements, memory, vigilance, body sway, psycho-
physiological responses, etc.). The selection of the
CFF task to individually illustrate the alcohol dose-
effect function was simply based on the large number
of such tests. Neither curve appears to asymptote
within the BAC range reported by these studies.
While quanticative comparisons are not possible,
psychophysical functions as defined by Kriiger (65-
68), would appear more resistant to alcohol’s effects,
than “subjective state.”

Automatic Behaviors/Performance. Kriiger divided
performance tasks as described earlier {(66), into auto-
matic and controlled performances. Automatic per-
formance tasks would include most types of reaction
time (both simple and choice) tasks, simple tracking



SUBJECTIVE EFFECTS

Intoxication

{22 Studies; 40 Tests]
100 -

07
)
om
Eﬁ 100 - [16 Studies: 24 ;}/sts]
. 0
doa
27
S 1 1]
L2077

Figure 1. Incidence of subjective effects as a
function of blood alcohol concentration:
intoxication (top) and positive mood (bottom).
Forthis and remaining figures, % tests reporting
significant effects (p <.05) at each mg% range
[significant tests/(significant + non-significant
tests)].
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tasks, and other tasks with straight-forward opera-
tions (e.g., mental arithmetic, symbol cancellation, or
other tasks with repetitive operations). Table 5A and
5B summarize the specific study data. A total of 104
tests (48 studies) examined alcohol’s effects on auto-
matic behaviors or performances; 31.7% of these tests
sampled BACs at or below 40 mg%. Figure 3 illus-
trates the incidence of significant tests for reaction
time tasks and all other “automatic” performance
tasks at each BAC range. Reaction time performance
appears to be somewhat more sensitive to alecohol than
performance on the other automatic tasks', both curves
suggest a dose sensitivity profile very similar to those
for Psychophysical Functions (Figure 2).

Controlled Behaviors/Performance. Recall that
Kriiger (66) described controlled performance tasks as
those requiring simultaneous attention to multiple
tasks or task-features (e.g., difficult tracking, divided
attention tasks, etc.}, or requiring mulri-levels of
information processing (e.g., Digit Symbol Substitu-
tion Tests or DSST). Tables 6A and 6B summarize the
relevant study characteristics and findings. A total of
77 tests (35 studies) examined alcohol’s effects on
controlled performances; 23% of these tests sampled
BACs at or below 40 mg%. Figure 4 illustrates the
relative incidence of significant effects for the Digit
Symbol Substitution Test (top) and for all other types
of controlled performance tasks (bottom). Both curves
appear to asymptote. Actually, the significance inci-
dence values for DSST are virtually the same as those
for Reaction Time (Figure 3). The bottom graph in
Figure 4 clearly shows that performance on the other
controlled behavior tasks appears to be more sensitive
to alcohol than that on the Digit Symbol Substitution
Task.

Summary of Alcohol Performance Effects. Kriiger’s
alcohol-effect classification scheme (65-68) may well
differently classify some of the tasks included in the
present review (e.g., DSST might have been classified
as an automatic performance task). Unlike the more
sophisticated analyses of Kriiger, the present review
did not attempt to examine effect magnitude, but
rather, the incidence of significant effects. Neverthe-
less, in an attempt to make some type of comparison
across the effects classes employed in this review, all of

the data used for each of Figures 1-4 were reanalyzed and
the linear regression functions were plotted as shown in
Figure 5. The Psychophysical Functions and Automatic
Performance curves indicate virtually identical incidence
of significant reports. However, the curve for Controlled
Performance is shifted upward, suggesting not necessar-
ily a greater sensitivity to alcohol but certainly suggesting
that across dose ranges, alcohol is uniformly more effica-
cious on this class of performances. Performance in
driving and flight simulators {discussed below) is also
depicted in Figure 5 for comparison purposes.

In traditional behavioral pharmacological analyses,
the ED50 metric (effective dose at which 50% of subjects
show some criterion effect) is used to characterize the
dose-effect of a given drug on behavior. While the
present data set does not represent subjects, but rather
studies, it would appear appropriate to determine the
similar values for each of the dependent measures. Table
7 presents such an analysis, based both on linear regres-
sion and probit techniques (185). Note that the values in
all but the last column of the Table represents the
estimated blood alcohol concentration (EC in mg%) at
which 5%, 25%, 50%, 75%, or 95% of the studies report
an alcohol effect significant at least at the .05 level of
confidence. The EC50 probit value most closely re-
sembles the ED50 in usual dose-effect analyses and
represents perhaps the best single index of the blood
alcohol-effect relationship. The EC50 probit values (and
95% confidence intervals) are: intoxication: 27.9 mg%
(19.5 - 39.8), psychological functions: 52.9 mg% (40.2-
69.6), automatic performance: 53.0 mg% (39.8 - 70.6),
and controlled performance: 22.9 mg% (15.1-34.7).
Again, these values for the various effects are quite
compatable to those found by Kriiger (66). It also should
be noted that sensitivity to alcohol’s intoxicating effects
and to its impairment of controlled performances are
quite similar, and that the sensitivity curves for psycho-
logical functions and automatic performance are virtu-
allyidentical. Finally, thelast column of Table 7 illustrates
the incidence of significant alcohol effects at 40 mg%
(corresponding to the FAA “0.04%” rule). Note that the
significance incidence for intoxication and controlled
performance is about 70-80% of the tests, while that for
psychological functions and automatic performance is
about 30-40%.

! Note at the 41-60 mg% range, the incidence of significant tests for reaction rime was 75% and for the other tests was 36%.




Simulator Studies: Driving and Flying. Table 8
ptesents the summary data for studies of alcohol
effects on performance in driving and flight simula-
tors. Unfortunately, there have been too few studies to
attempt the kind of linear regression and probit analy-
ses used for the previous performance/behavior cat-
egories. Further, only four flight simulator studies
actually examined low alcohol doses. However, it is
clear from these reports that various facets of simula-
tor performance were impaired at low BACs, e.g.: (a)
severe course errors at 40 mg% (119-120); (b) VHF
Omnidirectional Range (VOR) tracking and collision
avoidance errors at 38-40 mg% (163); and (c) depar-
ture, navigation, approach and landing errors at BACs
ranging from 24-39 mg% (165). The fourth study (8)
reported that the number of serious errors were greater
at 25 mg% than under control conditions; however,
there were fewer serious errors at 50 mg% and the
overall comparison of serious errors at 50 mg% with
the control condition was not significant. Perfor-
mance on the simulator used in the Morrow, et al.
studies (119-120) also has been found to be sensitive
to hangover effects of alcohol (203-204). Only two
driving simulator studies were found that examined
low BACs. Gengo, et al., (32) found the maximum
impairment around the peak BAC, but estimated that
the threshold for performance impairment was 40
mg%, noting the performance was most compro-
mised with unexpected events. Finally, QOei and
Kerschbaumer (137) found increases in speed but not
errors at 40 mg%. Yesavage, et al., (203-204) noted
that a significant increase in flight simulator perfor-
mance variability occurred at low to moderate BACs.
Such variability, particularly in experienced pilots,
may reflect different kinds or sources of alcohol com-
pensatory strategies. Perhaps, the latter phenomenon
could account for the lack of dose-dependent findings
in the Billings, et al. (8) study.

Potential Mediation Factors in Alcohol-Induced
Impairment

The Locus of Alcohol-Induced Impairment. One
approach to model alcohol’s effects on human perfor-
mance {see 27) has been to determine how the level of
baseline performance or performance components
(e.g., input, storage, output) interact with alcohol.
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Table 9 (92-104) summarizes Maylor and Rabbitt’s
work on this problem. In their studies on the role of
practice, no interactions with alcohol’s effects on
performance (using a variety of tasks) were found for
prior practice, practice while intoxicated, or state-
specific practice. In their analysis of performance
components, the picture that emerged is one where
alcohol rather non-specifically affects all components,
i.e.: stimulus detection, rate of information process-
ing, and response speed ate all decreased. However,
certain specific processes do not seem to be affected,
e.g., [esponse preparation, access to semantic memory,
and detection of response speed. Where alcohol ap-
peared to interact with task complexity (100), these
authors suggest that, as additional task demands were
added, alcohol has a cumulative compromising effect.

Mediator Factors as Predictors for Alcohol Sensi-
tivity. Table 10 summarizes studies that generally
examined how expectancy interacts with alcohol’s
subjective and performance effects. At equivalent
BACs subjects preferring alcohol reported positive
mood states, while non-preferring subjects reported
intoxication (negative) effects (16). Some investiga-
tors have found that when subjects expect to receive
alcohol, ratings of intoxication are higher than when
the expectancy is not present (9, 33, 70, 124, 176).
However, other studies reported no expectancy effect
(129, 186); interestingly, both of these studies exam-
ined performance and subjective effects. As is often
the case, expectancy is not a simple variable, but rather
one which may co-vary with other factors. For ex-
ample, intoxication expectancy itself is negatively
correlated with the quantity/frequency index of drink-
ing (173), i.e., heavy drinkers have lower intoxication
expectancy, possibly reflecting some tolerance phe-
nomenon {29). Also, high alcohol consumers report
fewer stress symptoms when intoxicated than low
alcohol consumers, even though the high consumers’
BACs were higher (130). Further, individuals who
typically underestimate their BACs (usually at higher
BACs) rate themselves as less intoxicated than indi-
viduals who typically overestimate (usually at lower
BACs) their actual BAC (145) Consonant with the
latter finding, subjects with a low alcohol consumption
history tend to over-estimate their sensitivity and those
with a high consumption history tend to under-estimate



their sensitivity (29). Also, expectancy effects with
moderate drinking have more influence on social
behaviors than on non-social behaviors, while the
opposite is true with high alcohol doses (33). One
study (21) also indicates that men may expect smaller
effects than women. Several personality factors may
influence expectancy effects, e.g, (a) subjects with

high external locus of control scores were impaired
when expecting alcohol but given placebo (no effect
for low scorers) (9) and (b) subjects with high sensa-
tion seeking scores engaged in riskier behaviors when
expecting alcohol, while those with low scores became
more cautious (108). But, care must be taken in
interpreting studies where the expectancy parameter
is experimentally-induced (see 63, 71, 87).

Table 11 summarizes how other various antecedent
or special task conditions may mediate or influence
the magnitude of alcohol-induced effects. Several
biologically-related conditions can affect intoxication
ratings, e.g.: (a) females tend to report higher intoxi-
cation ratings than males at the same BAC (89, 134);
(2) higher intoxication ratings are produced on the
ascending limb of the BAC curve than on the descend-
ing limb (89, 134, 149); and (c) intoxication readings
vary with phase of the menstrual cycle (134). Also,
stimulant effects arc anticipated on the ascending
limb of the blood alcohol curve and sedative effects on
the descending limb (21). Finally, alcohol-induced
reports of sedation or sleepiness are enhanced when
the alcohol is given at night when individuals are
normally sleepy (193), but virtually absent in fully
rested individuals (81).

Some of the same factors thatinteract with alcohol’s
subjective effects also influence alcohol-induced per-
formance deficits in a similar fashion (89, 184), e.g.,
gender and ascending/descending limb of the BAC
curve. In the few studies examining the expectancy
effect, this variable does not appear to have much of an
effect on alcohol-induced performance deficits (129,
176). Time of day is a potentially important, but
rarely studied, mediating factor, e.g., alcohol-induced
performance deficits are greater in A.M. tests than in
P.M. tests (74). In spite of the failure of Maylor and
Rabbite (see previous section) to find a role for “in-
toxicated practice” in alcohol’s performance effects, a
number of studies emphasize the potential impor-
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tance of individual differences in developing acute
tolerance (59, 200) and of the development of com-
pensatory behaviors while intoxicated (189). For ex-
ample, acute “learned” tolerance for alcohol’s impairing
effect on performance developed more quickly when
information feedback was combined with incentives
for “good” performance (85, 174). Indeed, in more
complex performance tasks like flying-simulators, the
performance decline produced by alcohol or drugs is
accompanied by an increase in performance variabil-
ity (204). The latter phenomenon, in the experienced
pilots tested, could well reflect different patterns of
compensatory behaviors. For example, performance
impairment on even simple tasks by BACs in the 50-
60 mg% range can be overcome by an “instructional
set” to “concentrate” {34). However, at least one
study (73) suggests that alcohol may not affect an
individual’s attentional capacity per se, but rather, the
ability to “allocate” attentional capacity to perfor-

mance demands

\/amily History of Alcoholism., Genetic factors are
thought to play an important role in governing indi-
vidual differences in alcohol sensitivity (29-30). One
variable frequently used in alcohol sensitivity studies
is family history of alcoholism (usually at least one
alcohohc parent or three alcoholic relatives, uncles,
aunts or grandparents). Table 12 summarizes results
from some of the recent studies on this issuc. The
family history positive (FH*) effects typically are found
in males who are not currently alcoholic. Unfortu-
nately, as can be seen in Table 12, the data appears
equivocal on this issue. For example, for intoxication
ratings, FH* males have been found to be less sensitive
than FH™ males (136, 148, 172), more sensitive than
FH™ males (105, 107), or not different from FH-
males (190, 199). Using physiologic responses or
performance measures, FH* males have been found to
be less sensitive than FH- males (148, 171, 172), more
sensitive than FH™ males (136, 148, 190), or not
different from FH males (133, 199). At least from the
studies reviewed here, a consensus regarding the fam-
ily history-alcohol sensitivity linkage is not apparent.
However, three studies may be worth further com-
ment. First, “hangover” effects appear to be more
severe in FH* males (131). Second, further classifica-
tion into high- versus low-frequency of alcoholism



among relatives may influence study outcomes (105-
106). Finally, both gender and age. appear to be
cofactors in the influence of the family history vari-
able on study outcome (199).

Age. In their review (27), Finnigan and Hammersley
cite only three studies examining age as a factor in
alcohol effects and suggest no conclusions could be
drawn from these reports. Only a limited set of studies
was found in the present literature survey. Collins and
Merzens (13) reported that pilots in the 60-69 years
old age range perform less well overall than pilots in
the 30-39 years old age range, particularly under
conditions of high workload. Further, the older group
was more negatively affected by alcohol. In their
initial study, Morrow, et al. (119-120) also found that
older pilots evidenced greater acute alcohol impair-
ment in their flight simulator performance than
younger pilots, and interestingly, were more accurate
in rating the degree to which alcohol affected their
performance. However, in a follow-up study, Mor-
row, et al. failed to replicate the latter results. The
authors cited increased performance variability with
both alcohol and age as possible explanations for the
failure to replicate. Older pilots in both studies were
found to perform the ATC (air traffic control) radio-
frequency task during the flight simulations less accu-
rately than younger pilots. Interestingly, the older
pilots appeared more accurate in their self-assessment
of performance. Finally, at least one other study
reports that age may be a cofactor in alcohol effects
(199).

Alcohol-Drug Interactions. The presence of other
medications also may influence alcohol’s effects on
human behavior and performance. Table 13 summa-
rizes the alcohol-drug interaction studies included in
this review. Among the antidepressive medications,
tricyclics (but not the serotonin-reuptake inhibitors)
appeared to exacerbate alcohol-induced performance
deficits and subjective effects. A similar pattern of
worsened alcohol effects was found with combina-
tions of alcohol and other sedative compounds (see
second tier of studies in Table 13). One methodologi-
cal problem apparent in the present sample of alcohol-
drug interaction studies is that only one alcohol dose
was tested. Specifically, when high alcohol doses are
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employed, the failure to find alcohol-drug interac-
tions may be due to alcohol’s masking of potential
interactions with the drug.

Educational and Policy Issues

Finally, two studies did not fit in the earlier sec-
tions of this review, being surveys of general and
selected populations of individuals. The first (26)
suggested that about a third of the individuals from
the general population could estimare a safe-limit for
alcohol consumption but did not attribute a harmful
consequence to drinking above that limit and, in fact,
frequently did drink and drive. Individuals in the
latter category were described as having “sliding lim-
its” for safe alcohol consumption, In the second study
(166), a questionnaire was sent to a sample of 2000
FAA-licensed U.S. pilots with a return rate of 53.4%.
These authors found that the majority of pilots re-
turning the questionnaire reported that they were
unaware of the FAA’s 40 mg% BAC rule and under-
estimated the amount of alcohol (independent of
type) needed to reach 40 mg% BAC (errors for beer
and wine were greater than for whiskey). Finally, one
commentary (10) concluded thatour knowledge about
the relationship between alcohol consumption and
associated problems (impairment) is insufficient to
define the limits of safety.

ummary and Conclusions
The intent of this review was to examine alcohol-
related effects using the effect categorization scheme
of Kriiger (66). Although the present review did not
attempt any of the meta-analytical procedures used by
Kriiger, the general conclusions which can be drawn
are similar. Two caveats apply to the following con-
clusions: (a) the number of tests examining BACsator
below 40 mg% (or 0.04%) represents 96 tests (28.6%)
of the 336 tests for alcohol’s effects on mood, func-
tion, and performance, and (b) the total number of
simulator studies examined in this review was quite
small, only ten.
(a) Sensitivity to alcohol’s subjective intoxicating
effects is generally greater than that for alcohol’s
impairing effects on functions or performances.



(b) The BAC-cffect curve suggests a “threshold” for

subjective intoxication, but a straight linear
relationship for functions and performances.

(c) Sensitivity to alcohol’s impairment of perfor-

mance on “controlled” process tasks appears
greater than is the sensitivity to alcohol impair-
ment of psychophysical functions or perfor-
mance on “automatic” types of rasks.

(d) With respect to low-dose alcohol effects, 70-

80% of the studies report significant effects for
intoxication ratings and for controlled labora-
tory performance at the 0.04% level or below -
the tasks range from finger tapping (alternating
buttons), to paper and pencil information- pro-
cessing tests (digit symbol substitution), to si-
multaneously performance on two or more tasks;
only one-third of the studies report significant
effects for psychophysical function or auto-
matic performance at that BAC level.

(e) Driving and flight simulator studies indicate

that performance failures can occur at BACs at
or below 0.04%, primarily on more complex
and multi-demand segments of the simulator
tasks, However, there is also little consistency of
significant outcome measures from one study to
the next. In addition, in one of these studies
(Billings, et al., 1991), where performance was
assessed across multiple BACs, the performance
decrements were not uniformly obtained from
lower to higher BACs.

Several task-characteristics may influence the
relative sensitivity of certain tasks to alcohol
effects, including: rask complexity, multiple
tasks, directed attention or concentration, per-
formance feed-back and contingent incentives.

(g) Several subject-characteristics may influence the

relative sensitivity to one or more alcohol ef-
fects, including: expectancy of alcohol, prefer-
ence for alcohol, tolerance to alcohol (both

physiological and functional), gender, age, and
possibly, family history of alcoholism.

(h) Several environmental or contextual param-

eters may influence the sensitivity of one or
more alcohol effects, including time-of-day,
phase of sleep-wake cycle, and social context.

In conclusion, this review found general trends for
alcohol’s effect on human behavior and performance
that were remarkably similar to those reported by
Kriiger (1993), who reviewed the available literature

through 1983 (see first section). Low BACs have been
i,fth::monstratv;:d to affect all of the classes of alcohol
 effect (i.e., both subjective and objective measures).
. There is evidence for differential increased sensitivity
: for subjective reports of intoxication and for more
- complex, multi-task performance. However, setting
1any arbitrary “cut-off” or criterion for a BAC,
‘below which may be considered “safe” (i.e., perfor-
-mance unaffected), at best, must be regarded as a

probability statement, which, in turn must be

;weighed against the consequences of such poten-

tially impaired performance. Furthermore, the
“main effect” of BACs at or below 40 mg% on

.performance may not be generally of sufficient
: magnitude to be evident across all tasks, studies, or

"

i
.

5populations.rfhc present review cleatlylindicates
that a variety o

T S o
actors may influence sénsitivity to

alcohol effects from time to time, person to person,
and/or situation to situation.EOr, as one commen-

Eify(l’ﬁ) noted:
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“The idea that there is a safe level of alcobol

consumption below which there are no adverse
effects remains simplistic when based on the
evidence we have accumulated to date. Whar is
safe for one individual may not be for another
— safety continues to be a relative matter in any
discussion of alcobol use.”
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