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(4) 1039–1045, 1998.—It has often been
pointed out that caffeine is the most widely “used” psychoactive substance in the world, and accordingly, there is a very large
amount of research available on the effects of caffeine on body and mind. In particular, a psychostimulant action of caffeine is
generally accepted as well established; for example, caffeine has been found to quicken reaction time and enhance vigilance
performance, and to increase self-rated alertness and improve mood. There is, however, a real difficulty in determining the
net effects of caffeine. In a typical experiment the subjects have a history of regular caffeine consumption, and they are tested
on caffeine and a placebo after a period of caffeine deprivation (often overnight). The problem with relying solely on this ap-
proach is that it leaves open the question as to whether the results obtained are due to beneficial effects of caffeine or to del-
eterious effects of caffeine deprivation. The present article briefly reviews this evidence on the psychostimulant effects of caf-
feine, and presents some new data testing the hypothesis that caffeine may enhance cognitive performance to a greater extent
in older adults than in young adults. No age-related differences in the effects of caffeine on psychomotor performance were
found. We conclude that overall there is little unequivocal evidence to show that regular caffeine use is likely to substantially
benefit mood or performance. Indeed, one of the significant factors motivating caffeine consumption appears to be “with-
drawal relief.” © 1998 Elsevier Science Inc.
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BECAUSE it is so widely and regularly consumed (2,14) there
is considerable interest in the effects of caffeine on human
mental and physical functioning. However, while the scientific
literature on this subject is vast, it is far from clear how the
benefits and costs (in terms of possible adverse effects) of caf-
feine consumption balance out. In part, the answer will de-
pend on whether this is viewed at an individual or population
level. Acute or chronic caffeine intoxication, sometimes referred
to as “caffeinism,” is harmful for the individual, but is proba-
bly not a very common disorder (23). A full discussion of the
health effects of caffeine and the vehicles in which it is con-
sumed (tea, coffee, etc.) is well beyond the scope of the
present article, and in any case, comprehensive reviews are
available elsewhere [e.g., (13,18,25)]. Instead, our purpose is
to examine the evidence concerning the psychostimulant ef-
fects of caffeine, because these are usually presumed to be the

main benefits of caffeine use. Even within this narrower field
we have been able to discuss only a small proportion of the
published literature. Finally, we present new data from a
study designed primarily to determine whether caffeine might
have a greater beneficial effect on the performance of older
individuals.

 

EVIDENCE CONCERNING THE NET BENEFIT OF CAFFEINE USE 
FOR MOOD AND PSYCHOMOTOR PERFORMANCE

 

Psychostimulant Effects of Caffeine—Acute Studies

 

Numerous placebo-controlled studies on the acute effects
of caffeine on human behavior have been published. Al-
though the results are varied, with many of studies showing
that a majority of the dependent variables were unaffected by
the drug [cf. (25)], taken together they confirm a psychostimu-
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lant action of caffeine. Specifically, caffeine vs. placebo has
been found to increase self-ratings of alertness, to improve
mood, and to enhance psychomotor and cognitive perfor-
mance (e.g., effects on tasks measuring tapping speed, simple
reaction time, sustained attention, memory, and logical rea-
soning, and on simulated driving) [e.g., (1,3,5,8,10,11,15,20,
28–30,32,34,35,40,43,45,48,51,52).

Some of the procedures used in these studies can be sum-
marized as follows. First, the subjects were often young
adults, that is, aged between 18 and 30 years. Second, they
were, or can assumed to have been, at least low to moderate
habitual consumers of caffeine. Third, there was invariably
some restriction placed on the subjects’ consumption of caf-
feine-containing drinks and other products prior to testing.
Most often this involved overnight caffeine deprivation.
Fourth, the amount of caffeine administered (up to 600 mg)
was often considerably greater than that which is consumed in
a single cup of tea or coffee (40 to 125 mg), although Lieber-
man et al. (29), for example, found significant effects of 32 mg
of caffeine.

While all of these procedures to some extent limit the rele-
vance of the research to understanding the effects of caffeine
as consumed in everyday life, the second and third points are
probably the most critical. In the typical study the subjects
had a history of regular caffeine consumption and they were
tested on caffeine and a placebo after a period of caffeine
deprivation. The problem here is that if caffeine deprivation
has adverse effects, for example it leads to fatigue, then it is
uncertain whether the results obtained were due to beneficial
effects of caffeine or to deleterious effects of caffeine depriva-
tion. In other words, this research says little about the “net”
psychostimulant effects of regular caffeine use [cf. (24)].

Accordingly, in the next two sections we outline the evi-
dence concerning the subjective and performance effects of
caffeine withdrawal.

 

Adverse Efects of Withdrawal of Caffeine—Fatigue
and Headache

 

For many regular users, cessation of caffeine consumption
is followed temporarily by adverse changes such as increased
incidence of headache, and increased drowsiness, and fatigue
[e.g., (7,16,19,21,22,36,42,49).

For example, in a study of the acute and chronic effects of
caffeine withdrawal we compared morning mood in caffeine
users and nonusers (36). The group of regular users, with a
mean caffeine intake of 250 mg/day, was divided into three
matched subgroups who avoided all significant sources of caf-
feine for either 1.5 h (given 70 mg caffeine after overnight ab-
stinence from caffeine), 13 h, or at least 7 days, before begin-
ning an intensive morning test session. Two patterns were
apparent in the results. First, the 13-h deprived group showed
markedly greater levels of tiredness and drowsiness, and were
more angry and dejected compared with all of the other
groups, including the nonusers, who did not differ signifi-
cantly on these moods. The second pattern was less definite,
but tended to be characterized by poorer mood (e.g., lower
clearheadedness and cheerfulness) and more headache in
both the 13-h and 7-day groups. Other data collected during
the 7-day period, when subjects were given regular or decaf-
feinated tea and coffee to use ad lib, confirmed the different
time courses of these adverse effects of caffeine withdrawal.
That is, increased headache and depressed mood appeared to
persist for at least 7 days during withdrawal, whereas the ef-
fects on alertness were relatively short-lived. These various

adverse subjective symptoms resulting from caffeine absti-
nence cannot be explained as merely “expectancy” effects, be-
cause participants were blind to the administration of caffeine
or placebo both during chronic withdrawal and after over-
night withdrawal.

Over 25 years before this Goldstein et al. (16) carried out a
similar experiment in which coffee drinkers and noncoffee
drinkers (essentially caffeine users and nonusers) were chal-
lenged with caffeine or placebo after overnight caffeine absti-
nence. Again, when not given caffeine in the morning the us-
ers were less alert, less content, more sleepy, more irritable,
and had more headache than the nonusers. Blind administra-
tion of caffeine (150 or 300 mg) removed these differences by
increasing alertness and reducing headache, etc., in the users,
but there were almost no positive effects of these fairly large
doses of caffeine in the nonusers. Indeed, the main significant
effects of caffeine in the nonusers were increases in a cluster
of ratings labeled “jittery” (jittery, nervous, shaky) and rat-
ings of “upset stomach.”

It is possible that preexisting differences in personality or
other factors unaffected by caffeine use could explain differ-
ences in mood between users and nonusers [e.g., (38,47).
Thus, individuals who are relatively sleepy in the morning
may have learned to use caffeine to increase their alertness
and performance efficiency at this time of day, while nonusers
may avoid caffeine because they have come to recognize that
for them it is “overstimulating” or that it has adverse somatic
effects. Our study (36), however, also found that increased
tiredness, drowsiness, anger, and dejection were present in
caffeine users after overnight (13 h) caffeine deprivation but
not after prolonged deprivation. Therefore, the only factor
that can reasonably account for the presence or absence of
these particular symptoms is the subjects’ recent history of
caffeine consumption. Similar findings from a smaller study
were reported by Bruce et al. (4), who found increased tired-
ness in 24-h compared with 7-day caffeine-deprived subjects.
Although nonusers were not tested, a further result was that
high doses of caffeine (250 and 500 mg) reduced tiredness,
and also headache, only in the 24-h group.

Taken together, these results very convincingly show that
caffeine withdrawal can have significant adverse effects, in-
cluding tiredness, headache, and depressed mood. Moreover,
this occurs after no longer than overnight caffeine deprivation
and in individuals with rather moderate intakes of caffeine
(equivalent to an average of 3 cups of instant coffee per day,
and possibly less). In other words, adverse effects of caffeine
withdrawal are a feature of the everyday life of the caffeine
consumer. Or as a subject (a regular, moderate caffeine user)
commented on one of our prestudy recruitment question-
naires, “I don’t drink decaffeinated coffee because it always
gives me a headache.”

 

Net Effects of Caffeine Use on Psychomotor Performance

 

What then are the effects of caffeine withdrawal on psy-
chomotor performance? The finding that caffeine withdrawal
is associated with fatigue suggests that performance should
also be adversely affected; however, there is less direct evi-
dence to support this contention (38), in part because few rel-
evant experiments have been published.

Bruce et al. (4) reported that 24-h caffeine-deprived sub-
jects “tired” more quickly on a tapping task than did 7-day
caffeine-deprived subjects. Nevertheless, although high doses
of caffeine (250 and 500 mg) reduced self-ratings of tiredness
and headache only in the 24-h caffeine-deprived subjects (see
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above), for tapping performance there was not a significant
difference between the two groups in their response to caf-
feine. Similarly, we (36) found no differences in responses to
caffeine administration among caffeine nonusers and users
deprived of caffeine for 1.5 h, 13 h, and 7 days. A low dose of
caffeine (70 mg) significantly speeded up the subjects’ simple
reaction time on a short duration task, although 250 mg of caf-
feine did not. On the other hand, both doses significantly im-
paired hand steadiness. In a study (17) of heavy coffee
drinkers, an abrupt change to decaffeinated coffee gave rise
to a number of adverse effects, including increased headache
and decreased self-rated alertness, which peaked during the
first and second days of caffeine deprivation and remitted
thereafter. Performance on a short-duration psychomotor test
was also somewhat impaired on these days, but not reliably
so. A critical factor here and in our study (36) may be the du-
ration of the task, because the beneficial effects of caffeine
administration, and therefore, possibly the adverse effects of
caffeine withdrawal, tend to be greater as performance deteri-
orates with extended testing (e.g., see Fig. 1).

Some of the strongest evidence for an effect on psychomo-
tor performance related to caffeine deprivation comes from a
study that compared the performance of heavy caffeine users
and nonusers on a choice reaction time task (37). There was
no difference in performance on the first occasion that the
subjects were tested (caffeine users 4 h caffeine deprived), but
the users were markedly slower than the nonusers when they
were retested later, this time after 2 full days of caffeine depri-
vation. This is consistent with the data on the subjective ef-
fects of caffeine withdrawal (above) and the time course of
elimination of caffeine from the body (25), which predict that
any deleterious effects on psychological functioning will be
much greater 48 h after the onset of caffeine deprivation than
4 h after. In another study (11), 200 mg of caffeine given after
overnight caffeine deprivation was found to improve perfor-
mance on a 3-h long visual vigilance task. Again, in support of

 

a withdrawal-reversal effect, this was due mainly to poorer
performance of “high” habitual consumers of caffeine (

 

.

 

100
mg/day), with these subjects making significantly slower reac-
tion times and detecting significantly fewer targets after pla-
cebo than low habitual caffeine consumers (

 

,

 

100 mg/day).
Using a similar experimental design, Mitchell and Redman
(33) found less clearly interpretable results, possibly because
they used only short duration tasks (see above).

From a different standpoint, it has been suggested that the
demonstration that caffeine administration can improve psy-
chomotor performance in noncaffeine-deprived individuals
(i.e., caffeine given after only a few hours of caffeine depriva-
tion) would provide evidence for net beneficial effects of caf-
feine (44,50). The argument is that if subjects are not re-
stricted in their consumption of caffeine prior to testing, then
improvement of performance after caffeine vs. placebo ad-
ministration cannot be due to alleviation of deficits induced
by caffeine abstinence. Some studies have, indeed, reported
significant performance-enhancing effects of caffeine under
such conditions [e.g., (12,46,50)].

In Frewer and Lader’s study (12), subjects were tested in
the morning after being allowed to consume their caffeine-
containing drinks as usual before 0900 h (L. J. Frewer, per-
sonal communication), but the doses of caffeine subsequently
administered in the experiment were rather high (250 and 500
mg), as was that given by Smith et al. (46) (

 

,

 

200 mg). War-
burton (50) pretreated subjects with 75 mg of caffeine 1 h be-
fore giving them a further dose of either 0, 75, or 150 mg of
caffeine. This is similar to our group of 1.5-h–deprived caf-
feine users (36). Although no data (e.g., mean 

 

6

 

 SE perfor-
mance scores) are presented, Warburton (50) reports that caf-
feine vs. placebo significantly improved performance on
attentional, logical reasoning, and delayed recall tasks, and ar-
gues that these “effects cannot be seen as representing the al-
leviation of deficits induced by caffeine abstinence” (p. 66).
As James (25) points out, however, it remains possible that

FIG. 1. Effects of caffeine (0, 1, and 2 mg/kg) on simple reaction time performance of young and older adults as a function time on
task (block). The subjects, who were habitually moderate to high caffeine consumers, were deprived of caffeine overnight before
being tested on the task in the morning. The vertical bar is the least significant difference (lsd) at the 5% level of significance.
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the pretreatment only partially eliminated caffeine with-
drawal effects.

A related issue concerns findings that suggest that caffeine
is possibly most beneficial when baseline performance is de-
graded (by factors other than caffeine deprivation). An exam-
ple is provided by a study (10) of the interaction between the
performance effects of the benzodiazepine, lorazepam, and
caffeine (125 and 500 mg). Lorazepam significantly impaired
performance on several tasks, and caffeine tended to improve
performance compared with placebo. For a symbol copying
task, however, caffeine alleviated the lorazepam-induced im-
pairment, but had no effect alone (i.e., without lorazepam,
there was no difference between the level of performance af-
ter caffeine compared with placebo). Similarly, cyclizine, an
antiemetic agent, was found to significantly impair perfor-
mance on an arithmetical test, and this was counteracted by
100 mg of caffeine, which had only a relatively small effect on
baseline performance (5). Interactive effects such as these
suggest a net benefit of caffeine irrespective of possible super-
imposed effects of caffeine withdrawal (38).

Such results are, however, relatively rare. Thus, the effects
of alcohol plus caffeine on performance can generally be pre-
dicted by the sum of their effects when given alone (1,20,40), as
can the combined effects of caffeine and sleep deprivation
[(45), but see (30)]. Nevertheless, another example of an inter-
active effect, which is perhaps particulary revealing, is provided
by the results of an epidemiological (i.e., correlational) study
showing a highly significant positive dose–response relation-
ship between habitual caffeine intake and psychomotor perfor-
mance (26). This association remained even “after controlling
extensively for potential confounding variables” (p. 45), and
was present even though tea and coffee consumption tended to
have opposite relationships with other predictors of perfor-
mance such as socio-economic class. Furthermore, the effect
was much stronger in older subjects (aged 35–54 and 55

 

1

 

years) whose overall level of performance was poorer than that
of subjects in the youngest age group (aged 16–34 years).

Unfortunately, despite Jarvis’s (26) careful analysis and in-
terpretation of this large data set (a survey of 9003 British
adults), certain aspects of the results remain ambiguous. For
example, because time of testing was apparently uncontrolled
(6), estimated caffeine intake may simply have been a proxy
measure for the duration of caffeine withdrawal. This, in par-
ticular, would be consistent with the findings for one of the
four tasks, a choice reaction time task, on which caffeine non-
users performed markedly better than low to moderate users,
only being slower than individuals consuming six or more
cups-of-coffee equivalent of caffeine per day [Fig. 3 in (26)].

The main purpose of the study described below was to in-
vestigate further the performance effects of caffeine as a func-
tion of age. It, therefore, addresses the issue of whether caf-
feine use provides a net benefit when performance is
relatively impaired (in this case, poorer performance is ex-
pected in the older participants). A second purpose was to ex-
amine the dose–response relationship for caffeine at levels of
acute administration that are relevant to the amounts of caf-
feine consumed when tea or coffee is drunk. As noted above,
surprisingly few previously published studies provide this in-
formation.

 

EFFECTS OF CAFFEINE ON THE COGNITIVE PERFORMANCE OF 
YOUNG AND OLDER ADULTS

 

Following up this correlational evidence on age-related ef-
fects of caffeine, we designed a placebo-controlled study to in-

vestigate further the impact of caffeine on cognitive perfor-
mance in adults aged between 20 and 84 years. These subjects
were moderate to high caffeine consumers. They were tested
in the morning, after overnight caffeine deprivation, on a long
duration simple reaction time task, a memory task, and a tap-
ping task. Caffeine (0, 1, and 2 mg/kg) was administered 45
min before the start of testing.

 

Method 

Subjects.  

 

Volunteers were recruited through an advertise-
ment placed in a local newspaper. A total of 36 subjects was
selected for the study. Eighteen (12 women and 6 men) were
aged between 20 and 35 years (mean 

 

6

 

 SE, 26.7 

 

6

 

 0.7 years),
and 18 (11 women and 7 men) were aged between 55 and 84
years (62.6 

 

6

 

 1.1 years). Body weights of these two groups
were, 64.4 

 

6

 

 2.0 and 68.9 

 

6

 

 2.1 kg, respectively. All subjects
were moderate to high caffeine consumers (see below), but
none were smokers. The study was described to the subjects
as research investigating the effects of constituents of nonal-
coholic drinks on mood and performance, and they were told
that it had been approved by the Institute of Food Research
Human Research Ethics Committee. After completing the
three test sessions they were paid £12, reimbursed their trav-
elling expenses, and fully debriefed as to the purpose of the
study.

 

Habitual caffeine intakes.  

 

For 3 days preceding the start of
the study proper and on the day preceding each test session
the subjects completed drink intake diaries from which their
habitual caffeine intake was assessed [see (36) for details of
this method].

 

Caffeine administration.  

 

Caffeine BP (Courtin and Warner,
Sussex) at 1 and 2 mg/kg and placebo were administered in
white gelatine capsules according to a within subjects design.
The placebo was cornflour (2 mg/kg, and 1 mg/kg cornflour
was mixed with the 1 mg/kg dose of caffeine). The order of
administration of these treatments was, as far as possible,
counterbalanced across gender and age.

 

Cognitive performance tasks.  

 

These were completed under
uniform conditions, with the subjects sitting 0.5 m from a
VDU monitor. The tasks were presented to participants via a
100 MHz Pentium PC, running MEL 1.0 (Psychology Soft-
ware Tools, Pittsburgh, PA) in the following order.

Simple reaction time (SRT) task: in this task the subjects
were presented with 150 trials in which a star appeared in the
center of the screen. They were instructed to press the space
bar as quickly as possible upon detection of the star. There
was a variable stimulus onset of 1, 3, 5, or 7 s.

Memory task: lists of 20 words were presented on the VDU,
one at the rate of one word per second and another at the rate
of one word per 2 s. The subjects were instructed to memorize
the lists. After the presentation of each list they were given 4
min to write down as many of the words as possible.

Two-finger tapping task: the subjects were instructed to al-
ternately tap, as quickly as possible, the one and two keys on
the numeric keyboard using the first and second fingers of
their preferred hand. The task lasted 1 min.

 

Procedure.  

 

The subjects were told that they should not
consume any foods and drinks containing caffeine or artificial
sweeteners (the latter was to help conceal the true nature of
the study), or any alcoholic drinks from 2100 h on the night
before each testing session until after they had completed the
session the next day (about 1130 h). They were asked to eat
their normal breakfast but to drink only water on the morning
of each test session. When they arrived at the Institute for
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testing at 0930 h the subjects provided a saliva sample, which
they had previously been told could be used to check for com-
pliance with these dietary restrictions. Caffeine or placebo
was then administered with 50 ml warm water, and 45 min
later subjects began the SRT task.

 

Results

Habitual caffeine intakes.  

 

None of the young subjects con-
sumed 

 

,

 

 4.5 mg/kg/day of caffeine, and none of the older sub-
jects consumed 

 

,

 

5.8 mg/kg/day of caffeine. Average daily caf-
feine intakes (mean 

 

6

 

 SE) of these two groups of subjects
were respectively 6.4 

 

6

 

 0.5 and 8.9 

 

6

 

 0.6 mg/kg/d, 

 

t

 

(34) 

 

5

 

2.40, 

 

p

 

 

 

, 

 

0.05.

 

Cognitive performance.  

 

Analysis of variance was used to
analyze for the main and interactive effects of caffeine (0, 1,
and 2 mg/kg) and age (young and older subjects) on perfor-
mance. Block was included as an additional factor in the anal-
yses of the SRT (three blocks of 50 trials) and tapping task
data (six blocks of 10 s).

There were no between-session practice effects for any of
the tasks (

 

p

 

 

 

.

 

 0.1).
The young subjects performed better on the memory task

than the older subjects; with 7.8 vs. 5.9 words recalled for the
one word per second lists, 

 

F

 

(1, 34) 

 

5

 

 23.40, 

 

p

 

 

 

,

 

 0.001; and 10.0
vs. 7.7 words recalled for the one word per 2 s lists, 

 

F

 

(1, 34) 

 

5

 

19.95, 

 

p

 

 

 

,

 

 0.001. There were no significant effects involving caf-
feine for this task (

 

p

 

 

 

.

 

 0.1).
There were significant age, 

 

F

 

(1, 32) 

 

5

 

 12.81, 

 

p

 

 

 

,

 

 0.005, and
age 

 

3

 

 block, 

 

F

 

(5, 160) 

 

5

 

 7.83, 

 

p

 

 

 

,

 

 0.001, effects for the tap-
ping task. The young subjects displayed a substantially faster
tapping rate throughout the task than the older subjects, al-
though this difference decreased as the task progressed due to
a steady slowing of tapping by the young subjects. There were
no significant effects involving caffeine for the tapping task
(

 

p

 

 

 

.

 

 0.1).
In contrast, there were no significant age-related effects

for the SRT task (

 

p

 

 

 

.

 

 0.1), but caffeine significantly improved
SRT performance. There were significant main effects of caf-
feine, 

 

F

 

(2, 68) 

 

5

 

 19.09, 

 

p

 

 

 

,

 

 0.001, and block, 

 

F

 

(2, 68) 

 

5

 

 33.90,

 

p

 

 

 

,

 

 0.001, and a significant caffeine 

 

3

 

 block interaction ef-
fect, 

 

F

 

(4, 136) 

 

5

 

 4.25, 

 

p

 

 

 

,

 

 0.005. From Fig. 1 it can be seen
that these results were due mainly to a relative quickening of
reaction time by caffeine during the second and third blocks
of the task. Both caffeine doses had similar effects. Indeed, if
anything, the higher dose had a smaller beneficial effect on re-
action times of the older subjects than did the lower dose.

 

Discussion

 

This study found significant effects of caffeine on a long-
duration SRT task, but no effects on an immediate memory
task or a short-duration tapping task. These results, however,
do not confirm the existence of a greater beneficial effect of
caffeine in older vs. young subjects as reported by Jarvis (26).
The older adults displayed much poorer immediate memory
and tapping performance than the young adults, but neither
group’s performance on these tasks was improved by caffeine.
In contrast, Jarvis (26) found a significant correlation between
incidental memory performance and caffeine consumption in
older (55

 

1

 

 years) but not younger subjects.
In the present study there were also no age-related effects

of caffeine on SRT performance. This is unlikely to be due to
the somewhat higher habitual caffeine intakes of the older
subjects, because the higher dose of caffeine administered be-
fore testing to these subjects quickened reaction time to no

greater extent than did the lower dose given to the young sub-
jects (Fig. 1). Notably, though, the finding that the two doses
of caffeine did not differ significantly in their performance-
enhancing effects, either for the young or older adults, is con-
sistent with other results showing a relatively flat dose–
response relationship for caffeine [e.g., (29)]. These two doses
are about equivalent to the amount of caffeine obtained from
1 and 2 cups of instant coffee (2).

In fact, for the SRT task a more appropriate comparison
with the results described by Jarvis (26) is to consider only the
first block of trials, because the data in that study were based
on a mean reaction time for 20 trials, which followed eight
practice trials (6). During the first block of trials in the present
study caffeine did indeed speed up the (slightly slower) reac-
tion time of the older subjects more than that of the young
subjects (Fig. 1), but these differences were not significant
(

 

p 

 

.

 

 0.1). This perhaps suggests that the study lacked suffi-
cient power to test our hypothesis, although, as discussed
above, it did detect significant effects of age on memory and
tapping performance. In any case, by far the most substantial
effect of caffeine occurred during the second and third blocks
of the SRT task. Therefore, age appears to be a much less im-
portant factor than task duration in determining sensitivity to
caffeine administration.

Arguably, this latter finding itself supports the suggestion
that caffeine is particularly effective in improving degraded
performance. Thus, absolute reaction time was not improved
by caffeine. Instead, caffeine very clearly offset the slowing of
reaction time across blocks, which presumably was due to fa-
tigue and/or boredom induced by the task. Although it is cog-
nitively undemanding, optimal performance on this “vigi-
lance” task requires a high level of sustained attention.

In other words, the present study appears to provide a fur-
ther example of an interactive effect of caffeine on psychomo-
tor performance [(38), see above]. Unfortunately, even this
does not show unequivocally that there are net benefits to be
gained from caffeine use. This is because it remains possible
that the degraded performance is, in fact, due to an interactive
effect of the caffeine withdrawal and, for the present example,
task-related fatigue. The existence of psychostimulant effects
of caffeine in the absence of caffeine withdrawal can only be
proved by demonstrating that caffeine can improve mood
and/or cognitive performance in caffeine nonusers or fully
withdrawn caffeine users [cf. (36)]. As far as we are aware,
very little of such evidence has been published.

 

CONCLUSIONS

 

Although many studies have found that caffeine compared
with placebo can increase alertness and improve mood and
cognitive performance, the evidence reviewed here also dem-
onstrates adverse consequences of caffeine withdrawal. These
include lowered alertness and decreased clearheadedness,
which are clearly detectable after overnight caffeine with-
drawal, and are, therefore, a feature of everyday life for regu-
lar caffeine users. Because this has not been widely recog-
nized, the research carried out to date has generally failed to
ascertain the extent to which the measured psychostimulant
effects of caffeine are, in fact, due to “withdrawal relief.” The
critical importance of withdrawal relief is supported by evidence
of relatively strong negative reinforcing effects of caffeine [e.g.,
(39,41), and perhaps also the flat dose–response relationship for
the psychostimulant action of caffeine. For example, the data in
Fig. 1 and those of Lieberman et al. (29) might be best ex-
plained in terms of reversal of withdrawal-related deficits in
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performance by a low dose of caffeine and a failure of higher
doses to produce absolute improvements in performance. The
latter might be due to the development of tolerance to larger
doses or cumulative doses of caffeine in regular caffeine users.
In turn, these higher intakes might be motivated primarily by
a negatively reinforced liking (39) for the vehicles (coffee, tea,
etc.) in which caffeine is consumed, rather than their per-
ceived beneficial psychostimulant effects. The tolerance
would also play a role in reducing any aversive effects, which
might otherwise limit the higher intakes.

In addition to the negative effects of overnight caffeine
withdrawal and perhaps the lack of any substantial net benefit
for cognitive or psychomotor performance, longer periods of
caffeine withdrawal, such as may occur at weekends, are likely
to be associated with more severe symptoms of fatigue and
headache (19). Related to this, caffeine withdrawal has also
been recognized as a significant factor contributing to postop-
erative pain [e.g., (9)]. Taken together with aversive effects of
caffeine consumption, such as the exacerbation of anxiety and
panic attacks, decreased hand steadiness, reduced quality of
sleep, and increased blood pressure [e.g., (23,25,27,36)], it

might be concluded that the overall net benefit of caffeine use
is negative. The qualification to this conclusion is that this will
very much depend on the individual’s pattern of consumption
of caffeine. Moderate caffeine intake may perhaps improve
performance, especially under conditions leading to fatigue;
however, even this has yet to be demonstrated definitively.

Despite occasional arguments to the contrary (31), there is
indeed a strong case for more research on the behavioral ef-
fects of caffeine. Even if its use is associated with only a small
net benefit or harm, because caffeine is the “most popular drug
in the world,” its total impact on the mental and physical well-
being of the human population will be relatively very large. In
particular, as well as assessing the immediate consequences of
caffeine consumption and withdrawal, future studies should at-
tempt to improve current understanding of the factors that mo-
tivate the patterns of the everyday use of caffeine.
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