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Caffeine, Sleep, and Quality of Life

Monicque M. Lorist and Jan Snel

Summary Caffeine is regarded as a mild stimulant acting on the central nervous system that is responsible for a significant
portion of the behavioural and physiological effects of coffee and tea. Motives why people take caffeine are reflected in
consumption patterns. Early in the morning caffeine might help to wake up, whereas during the day it is an aid to stay awake
or counteract fatigue. The intake of caffeine shortly before sleep might affect sleep characteristics, especially if high doses
of caffeine are used. Moreover, these disturbances of sleep might result in tiredness in the morning. Caffeine is frequently
used as a countermeasure for fatigue and sleepiness. During sub-optimal circumstances such as working night shifts and sleep
deprivation it maintains performance and wakefulness at satisfying levels. These effects of caffeine depend largely on its
antagonistic actions on the Ay adenosine receptor. Simple task performance seems in particular sensitive to caffeine. Part of
the caffeine effects might be due to withdrawal reversal, although caffeine is stimulating in non-withdrawn subjects, as well.

In addition, in habitual users, there is no complete tolerance to the effects of caffeine.

Keywords

Learning objectives:

e Caffeine increases physiological arousal by antago-
nizing the effect of adenosine.

e Caffeine is effective in maintaining performance and
wakefulness at satisfying levels during sub-optimal
circumstances, occurring during the normal sleep—
wake cycle, and in sub-optimal periods, occurring
after disturbances of the normal sleep—wake rhythm
(e.g., working night shifts and sleep deprivation).

e Simple task performance is more sensitive to caffeine
than complex task performance, involving higher
level cognitive control processes.

e A modest disturbance of sleep quality is found with
caffeine taken shortly before sleep.

e Stimulating caffeine effects have been found in both
non-withdrawal and caffeine-withdrawn subjects.

e Part of the caffeine effects might be ascribed to relief
of withdrawal.

e Habitual caffeine consumers do not
complete tolerance to the effects of caffeine.
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Introduction

Caffeine is a widely used alkaloid mainly derived from coffee
or tea. The popularity of caffeine may be related to its stim-
ulating effect on the central nervous system. There is indeed
a substantial amount of evidence illustrating that caffeine
increases subjective energy and alertness (1-6). Moreover,
caffeine is legally available and consumption is socially
accepted. It is, therefore, no surprise that caffeine is frequently
used as a countermeasure for fatigue and sleepiness related to
working night shifts and sleep deprivation.

The relation between caffeine, sleep, and performance was
and still is the topic of many studies (7-10). Do the results of
these studies justify the use of caffeine to postpone sleep and
improve wakefulness? Also, sleep is important for cognitive
performance. Therefore, if caffeine keeps people awake, what
about its effects on sleep?

Caffeine is responsible for a significant proportion of the
behavioural and physiological effects of coffee, tea, cocoa
and chocolate. After oral ingestion, caffeine is rapidly and
almost completely (99%) absorbed from the gastrointestinal
tract into the bloodstream (11, 12). It is widely distributed
throughout the body tissues, and passes through all biolog-
ical membranes, including the blood-brain barrier and the
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placental barrier. Peak plasma concentrations are reached in
about 30-60 min after ingestion. The half-life of caffeine is
approximately 3-5 h, although individual clearance rates vary
tremendously. For example, the clearance rate is speeded up
with 30-50% by nicotine, and doubled in woman taking oral
contraceptives. Caffeine has hardly any side-effects, and it has
a low profile as a drug of abuse (13).

Caffeine effects, at doses comparable with those of normal
human intake, are primarily related to its blocking of the
Ay and Ajs subtypes of the adenosine receptors (12, 14,
15). Adenosine is an inhibitory neuromodulator involved
in sleep—wake regulation (16, 17). Extra-cellular concentra-
tions of adenosine in the basal forebrain cholinergic region
were, for example, found to increase during spontaneous
wakefulness and during sustained, prolonged wakefulness,
whereas a slow decline in concentration was observed during
recovery sleep (17). Caffeine-induced wakefulness depends
in particular on its antagonistic actions at the Apa receptor
subtype (18).

Normal Sleep—Wake Cycle

During the day, natural fluctuations of arousal and sleepiness
exist. The desire to increase arousal at certain times of day
may be a factor influencing the amount of caffeine intake. In a
review by Biittig (19), this hypothesis was actually supported;
Bittig reported that 27% of 20- to 40-year old women drank
coffee at wake-up, 73% at breakfast, 60% at the morning
break, 23% late in the morning, 52% with the lunch, 48%
at the afternoon break, 32% in the late afternoon, 18% at
dinner, and 43% after dinner. To assess diurnal patterns in
caffeine consumption, Brice and Smith (20) used a caffeine
diary, a retrospective questionnaire, and a detailed personality
and psychosocial profile. They found that consumption levels
peaked between 8 a.m. and 12 noon and decreased there-
after. Corresponding consumption patterns were also found in
691 undergraduate students (409 women) (21). While average
caffeine consumption decreased from the morning through the
evening, the consumption of decaffeinated coffee increased
throughout the day from hardly 1% at breakfast to 13% after
dinner (19). These patterns might reflect the shift over the
day in motives why people take coffee. Early in the morning
caffeine is taken mainly to wake up. After a night of caffeine
abstinence with a low level of arousal, caffeine can help
to increase the activity of the sympathetic adrenal-medullar
system. The acceleration by coffee may help to reach sooner
the habitual level of functioning (22). During the day, caffeine
might be of help to counteract fatigue. Fatigue is a natural
consequence of many daily-life activities, which may underlie
sub-optimal functioning or even human error such as found
in traffic situations and professional activities. No surprise
that people look for ways to compensate fatigue and sleepi-
ness when necessary. A specific increase in sleepiness and
performance decline has been found in the mid-afternoon,
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the so-called ‘post-lunch dip of attention’, which has been
related to increased accident rates (23, 24). Smith (25) found
in a double-blind, placebo-controlled study that a dose of
1.5 mg/kg caffeine was indeed an effective countermeasure
against this post-lunch dip. Hayashi, Masuda and Hori (26)
compared the effects of 200 mg caffeine, bright light (2000
1x) and face washing in combination with a short daytime nap
on sleepiness. They found that the combination of caffeine and
napping was the most effective in alleviating mid-afternoon
sleepiness and related performance deteriorations.

Although caffeine might compensate sleepiness during
daytime, it might also cause sleep disturbances, especially
when taken shortly before sleep (27). Drapeau et al. (28), for
example, evaluated the effects of caffeine on sleep variables
in moderate caffeine users (1-3 cups a day), while they main-
tained their habitual caffeine consumption. Subjects received
100 mg caffeine 3 h before bedtime and another 100 mg
1 h before bedtime. Caffeine increased sleep latency, reduced
sleep efficiency, the duration and amount of stage 2, and
also spectral power in the delta frequencies, indicating that
moderate caffeine consumers remain sensitive to the effects
of caffeine despite their habitual daily intake. Alford and
co-workers (29) used a 4 and an 8 mg/kg dose of caffeine
to evaluate the effect on sleep quality. They found in six
young healthy volunteers (aged between 21 and 25 years),
who abstained from caffeine for 2 weeks, that a 4-mg/kg dose
given 20 min before bedtime doubled sleep onset latency.
Effects on sleep efficiency (17% decrease), the number of
awakenings (7% increase), slow wave sleep (4% decrease) and
non-REM sleep (8% decrease) were restricted to the higher
dose of 8 mg/kg.

In general, a relative high dose of 4 mg/kg caffeine, which
is comparable to normal use in everyday life, may cause only
a slight postponement of falling asleep, while the effects on
sleep structure remains fairly small. Akerstedt and Ficca (30)
argued that, even for doses up 6 to 7 cups a day, sleep distur-
bance due to caffeine ingestion in everyday situations seems
small.

Orbeta and colleagues (31) examined the relation between
caffeine consumption, sleep quality, and the frequency of
feeling tired in the morning in a large group of students
in grades 6 through 10. High caffeine intake was related to
an increase in sleeping difficulties and morning tiredness.
Disrupted sleep, causing morning tiredness and sleepiness
during daytime were ascribed to a disrupted sleep—wake cycle
due to the consumption of caffeine containing beverages till
late at night. Twenty to twenty-five percent of children and
adolescents report sleep disturbances, part of which might be
related to caffeine intake. In 13—17 years old US children
caffeine intake comes mainly from soft drinks (62%), among
them energy drinks. Only one-third comes from coffee and
3% from tea (32), whereas in adults these figures are 75 and
15%, respectively (33).

‘Energy’ drinks not only contain different levels of caffeine
but some also contain high sugar levels. Anderson and Horne
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(34) examined the effects of an energy drink with low caffeine
content (30 mg) and high sugar content (42 g) on afternoon
sleepiness induced by restricted sleep (5 h) the night before.
The performance on a vigilance task was worse after the
intake of this energy drink. They concluded that it is the
caffeine content of energy drinks that is effective in counter-
acting sleepiness.

In summary, the intake of caffeine, especially high doses,
shortly before sleep might disturb sleep, causing tiredness in
the morning. Moreover, habitual caffeine consumers remain
sensitive to these effects of caffeine.

Irregular Sleep—Wake Cycle
Shift Work

In our 24-h economy, flex- and irregular work schedules are
common. Adaptation of the circadian rhythm to night work,
however, occurs only partially over time, because adjustment
is severely opposed by compelling Zeitgebers such as the
natural light—dark cycle, family and social activities during the
day, and the forced reversal of wakefulness during daytime
and sleep at night on non-working days. As expected, persons
who work night shifts frequently report that sleep at daytime
is disrupted and non-refreshing. In both permanent night
workers and in rotating shift workers, total sleep time is
reduced to about 5-6 h per day. Moreover, about 10% of shift
workers suffer from ‘shift-work sleep disorder’ defined as a
primary complaint of insomnia or excessive sleepiness when
temporally coupled with a work period that occurs during the
habitual sleep phase, and which is associated with increased
risks for several diseases (35).

Torsvall and colleagues (36) found that 20% of shift
workers fell spontaneously asleep during night shift. Such
naps did not occur during afternoon or evening shifts. Espe-
cially between 3 and 6.30 a.m., people are least alert and
most likely to fall asleep. Parallel to the circadian arousal
rhythm, human performance shows a trough for most cogni-
tive skills during the early morning hours. The magnitude of
these performance deteriorations during night versus daytime
in the laboratory ranges from 10 to 35% of the 24-h mean level
of performance (37). Additionally, accidents and injuries are
1.3 times more likely to occur on a night shift than on a day
shift (38). Connor and colleagues (39) showed that the risk of
serious and fatal traffic accidents may even increase 5.6 times
between 2 and 5 a.m., particularly when travelling between
the workplace and home (40). Prevention of sleepiness related
to night work is therefore of direct relevance for road safety.

Two main sources of reduced alertness and performance
during nightly work hours are the disturbed circadian rhythm
of sleepiness and alertness, and increasing homeostatic sleep
pressure related to the period of wakefulness preceding work
time. There are indications that caffeine affects the circa-
dian rhythm of humans (41-43). Shilo and colleagues (44)
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examined the effects of caffeine in six volunteers who regu-
larly consumed coffee during the afternoon and evening hours.
Although subjects were unable to determine whether they
had consumed regular or decaffeinated coffee during the
study periods and did not report significant differences in
sleep quality estimations or bedtime, caffeine increased sleep
latency and affected all other sleep variables. In addition,
caffeine consumption decreased secretion of melatonin. In
a simulated shift work situation, the influence of 200 mg
caffeine was studied in none to moderate caffeine users
(<2 cups a day; aged between 19 and 36 years) (45). Work
started at 5:30 p.m. and went on until 10 a.m. the next
morning. During the 1-h rest period from 1:30 to 2:30 a.m.,
the participants performed performance tests lasting 90-95
min. Caffeine was found to be beneficial for performance
during the night, which was ascribed to its lowering effect on
melatonin, an endogenous regulator of the sleep—wake cycle
secreted nocturnally by the pineal gland (46).

In addition to the effect of caffeine on the circadian
rhythm, it has been argued that caffeine primarily promotes
wakefulness by its effect on adenosine. In other words,
consumption of caffeine might be responsible for the altered
expression of sleep homeostatic pressure (47-49). Wyatt and
colleagues (50) used a 29-day forced desynchrony protocol
in which the sleep—wake cycle was scheduled to be 42.85 h,
that is, far removed from the circadian range. The aim was to
examine the contributions of sleep-homeostatic and circadian-
timing systems in caffeine-related performance modulations.
Sixteen men (aged between 18 and 30 years) consumed
caffeine (0.3 mg/kg) or placebo hourly during 28.6-h wake
episodes. This high-frequency low-dose caffeine was effective
in countering the detrimental performance effects of extended
wakefulness, which was ascribed to attenuation of the
homeostatic sleep drive.

Workers nap frequently between 1.5 and 2.5 h per nap
before night-shift work (51). The aim of Bonnet and Arand
(52) was to compare the effect of either napping for 4 periods
of 1 h each or for one 1 nap period of 4 h in combination
with or without a dose of 200 mg slow-release caffeine (SRC)
on alertness and performance. Caffeine in the form of SRC is
valuable, because it may result in long and good-quality wake-
fulness not only in laboratory situations but especially in those
real-life situations in which opportunities to consume caffeine
may be limited. Addition and logical reasoning improved
during the night after the combination of SRC and a 4-h nap
before the shift. It should be noted that the use of SRC is not
advisable in situations in which unexpected sleep opportuni-
ties might arise, because of its long-lasting efficacy.

Philip and colleagues (53) examined the effects of a 30-
min nap taken before a drive in addition to coffee containing
200 mg caffeine or decaffeinated coffee in a real-life envi-
ronment. Twelve young men (aged between 20 and 25 years)
ingested caffeine 30 min before a 200-km (125 miles) driving
session between 2 and 3:30 a.m. In the caffeine condition, for
75% of the participants, nighttime driving performance was
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similar to daytime performance as compared with 66% after
the nap and only 13% in the placebo condition. Schweitzer
and colleagues (54) combined caffeine (4 mg/kg) with a 2.5-h
nap in both a laboratory and a field setting. They confirmed
that caffeine and napping improved alertness and vigilance;
however, the combination of caffeine and napping was supe-
rior to coffee or napping alone both in the laboratory and in
the real-life environment.

In sum, simulated and real-life studies of shift work indicate
that caffeine reduces sleepiness and is useful as countermea-
sure for performance deteriorations during nighttime work. In
combination with a nap, caffeine might be even more effective
in contributing to a safer environment by maintaining perfor-
mance and wakefulness at satisfying levels.

Sleep Deprivation
Sleep Characteristics

The ability to remain awake over a long period of time is
of vital importance under specific conditions, such as mili-
tary operations in times of crisis, medical care, and driving.
Caffeine is used to stay awake during these periods. However,
any intervention that significantly increases sleep loss affects
sleep quality and sleep structure of subsequent sleep periods.
The question is whether caffeine influences the relation
between sleep deprivation and the quality and quantity of
successive sleep.

Wesensten and colleagues (55) showed that a dose of
600 mg caffeine increased sleep onset latency after a sleep
deprivation period of 64 h. However, no effects were found
during a 12-h recovery sleep period commenced 20 h after
caffeine administration which fits to the half-life of caffeine
which is on average 3-5 h. Philip et al. (53) examined sleep
latencies during recovery sleep 2-3 h after the consump-
tion of 200 mg caffeine and after overnight sleep depri-
vation. They found that sleep latency was only delayed
marginally (<1 min) compared with the placebo condition.
Sleep efficiency was not influenced by caffeine in their
study.

The effects of 200 mg caffeine on sleep latency following
one night of sleep deprivation, in six volunteers without a
history of regular coffee consumption were examined by
Salin-Pascual and colleagues (56). They found no effects of
caffeine on daytime sleepiness; similar sleep latencies were
found in both the caffeine and the placebo conditions. Thus,
even in subjects not accustomed to coffee, effects of caffeine
were small or absent.

Another phenomenon challenging the circadian timing
system is jet lag, the transient period of impairment following
rapid travel to a different time zone. On arrival in the new
time zone, the sleep—wake cycle is not timed appropriately
relative to the time of day in the new situation. Jet lag is
characterized by sleep disturbances, daytime sleepiness, and
impaired performance (57). Beaumont and colleagues (58)
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studied the effects of caffeine on sleep and sleepiness after a
seven-time zone eastward transmeridian travel. This double-
blind, randomized, placebo-controlled study was performed
on 27 healthy volunteers (aged between 19 and 47 years). In
the caffeine condition, reduced levels of daytime sleepiness
were observed. However, a dose of 300 mg SRC a day affected
sleep quality on six subsequent recovery days (sleep latency
increased, with less rebound of slow-wave sleep).

In conclusion, caffeine in simulated and real-life work situ-
ations is effective in counteracting fatigue and sleepiness,
thereby improving performance, while the effects on sleep
quality are modest.

Performance

A shortage of 1.3—1.5 h sleep for 1 night might result in a one-
third reduction of daytime alertness. The hypothesis is that
caffeine may help to maintain alertness at satisfying levels in
situations where the sleep—wake cycle is disturbed, because
the stimulating effects of caffeine have found to be especially
salient under sub-optimal conditions, such as mental fatigue
(59,60).

Frontal brain regions are in particular sensitive to the effects
of sleep loss. Metabolic activity, for example, reduced signif-
icantly in these regions during sleep deprivation (61). Cogni-
tive processes mediated by the frontal cortex might therefore
be particularly vulnerable to the detrimental effects of sleep
loss. Especially, the prefrontal cortex is crucial in dynamically
controlling and co-ordinating the activities of other, often
widely separated, brain regions supporting more basic func-
tions. Bonnet and Arand (52) showed that individuals who
took a prophylactic nap and used caffeine during work shifts
significantly increased performance on complex tasks such
as logical reasoning and additions. A follow-up study (62),
comparing the effects of repeated versus single-dose admin-
istration of caffeine and naps of 0, 2, 4, and 8 h taken before
sleep loss confirmed the finding that alertness and perfor-
mance during sleep loss improved by a combination of short
naps and small repetitive doses of caffeine (150 mg caffeine)
administered every 6 h starting at 1:30 a.m. on the first night
of sleep loss. A repeated dose of 150 mg caffeine improved
alertness and performance better than larger doses (300 and
400 mg) of caffeine. However, neither naps nor caffeine alone
or combined could preserve functioning at baseline levels
beyond 24 h after which alertness and functioning approached
placebo levels.

Differential effects of moderate doses of caffeine (100, 200,
or 300 mg) or placebo given after 72 h sleep deprivation
formed the subject of Lieberman’s study (63). Sixty-eight US
Navy Sea—Air-Level trainees were tested after sleep depri-
vation on cognition and mood. Sleep deprivation and stress
elicited in the simulated combat situation adversely affected
performance and mood. However, 300 mg caffeine, but espe-
cially the 200-mg dose, improved visual vigilance, reaction
time, and alertness. More complex performance, requiring
fine motor control, was not affected by caffeine.
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Gottselig and colleagues (64) studied the effects of 200
mg caffeine on cognitive control functions in healthy young
men. In two periods, occurring 1 week apart, participants
received either caffeine or placebo, after either 11 or 23 h of
the 40-h sleep-deprivation period, according to a randomized,
double-blind crossover design. A random number generation
task was completed at 3-h intervals during the experimental
session. It appeared that caffeine preserved simple aspects
of cognitive performance during sleep deprivation, but did
not so on more complex cognitive functions. Kohler and co-
workers (65), on the other hand, did report an effect of 200 mg
caffeine administered at midnight before an overnight sleep-
deprivation period, on higher-level cognitive performance.
The 14 young adults (aged between 18 and 36 years) showed
faster reactions in a grammatical reasoning task after caffeine
as compared with placebo.

Effects of 600 mg caffeine on alertness and psychomotor
performance in 48 healthy men (aged between 19 and 38
years; 268 cups of coffee) were evaluated by Wesensten and
colleagues (55). Caffeine given after 64 h sleep deprivation
improved alertness and psychomotor performance. Caffeine
enhanced some aspects of higher order cognitive functions
(complex judgement and conceptual efficiency), as well. A
600-mg dose was also used by Killgore et al. (66) in 29 men
and 24 women on the ability to appreciate humour in visual
(cartoons) or verbal (headlines) stimuli. Appreciating humour
is generally regarded as one of the most complex forms of
high-level cognition in humans. As expected, sleep loss for
49.5 h adversely affected the capacity to appreciate humour.
However, there was no effect of caffeine on the appreciation
of visual or verbal humour, although caffeine did improve
simple psychomotor response speed and ratings of subjective
sleepiness.

The effect of 200 mg caffeine on driving performance
after partial sleep deprivation was examined in 16 students
(mean age 23 years) (67). They either slept 5 h or were sleep
deprived for the whole night until they had a 2-h drive (6-8
a.m.) on a dull, monotonous road. Caffeine clearly improved
driving performance with fewer incidents and less subjec-
tive sleepiness. In a flight simulation task, the effects of 200
mg caffeine were examined during sustained wakefulness in
24 male students (aged between 25 and 31 years) (68). The
observed positive effects of caffeine were in agreement with
the effect on cognitive performance reported by Reyner and
Horne (67).

Wesensten et al. (69, 70) studied the efficacy of 600 mg
caffeine in maintaining performance and alertness during the
early morning hours, when the combined effects of prolonged
sleep loss and the circadian morning trough of alertness are
most manifest. Ten healthy young adults were totally sleep
deprived for 54.5 h. After they were awake for 41.5 h, they
received double-blind 600-mg caffeine. Again, performance
and alertness were significantly improved by using caffeine.
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The former studies show that caffeine compensates for
performance deteriorations induced by sleep deprivation.
Simple task performance benefits most from caffeine.

Comments

Typically, caffeine studies use acute caffeine challenges
following a period of abstinence (usually overnight).
Some regular caffeine consumers experience a “withdrawal
syndrome,” starting on average after 12-24 h of abstinence
with a peak between 20 and 48 h, which manifests itself
in headaches, irritability, and occasionally nausea (71). This
withdrawal syndrome may already start after a relatively
short-term exposure from 6 to 15 days with doses above 600
mg caffeine a day. An important issue is whether the effects of
caffeine, and individual differences in these effects in partic-
ular, can be explained by the relief of withdrawal effects (e.g.,
72, 73), by the stimulating effects of caffeine itself or by both.

Rogers and colleagues (74) compared the effects of caffeine
(1.2 mg/kg) in sleep-restricted (5 h) participants, who were
either caffeine-withdrawn for 3 weeks to avoid acute with-
drawal symptoms or received regular coffee or tea followed
by overnight caffeine-withdrawal. The results supported the
withdrawal reversal hypothesis: cognitive performance was
affected negatively by overnight, acute caffeine withdrawal.
Even after partial sleep deprivation and without withdrawal
effects, cognitive performance was not improved by caffeine.
James and Gregg (75) examined the effects of caffeine in
healthy habitual coffee drinkers (aged between 17 and 52
years). The 1.75-mg/kg caffeine dose showed no significant
mood-enhancing effects when participants were well rested
and also did not produce restorative effects when mood was
worsened by lack of sleep. All participants in this study were
habitual caffeine consumers, although with strongly varying
intake (180-680 mg per day). Interpretation of these results
should be done with care because Attwood et al. (76) showed
that high consumers (>200 mg/day) were more likely to
report positive effects of caffeine than low consumers who in
general did not report an effect of caffeine. High consumers
may be more sensitive to the effects of caffeine, which may
in turn drive their regular self-administration of caffeine.
Expectancies on effects of caffeine could be involved, as
well (77). Johnson and co-workers found that nocturnal sleep
was associated with objectively measured daytime sleepiness
but not with subjective sleepiness. Apparently, the subject’s
expectancy on the efficacy of caffeine determines his percep-
tion of wakefulness and alertness and may explain discrepan-
cies in findings. It illustrates that baseline differences between
high and low caffeine consumers might hinder explaining
experimental results.

Hewlett and Smith (78) compared the effects of caffeine
(1 mg/kg) on mood and performance in overnight with-
drawn consumers and non-consumers (who by definition are
not withdrawn). It should be noted that overnight caffeine
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withdrawal is part of most people’s daily life. There was
no evidence of negative effects of caffeine withdrawal on
performance and mood. On the contrary, caffeine significantly
improved performance, although there were differences
between regular consumers and non-consumers. Caffeine
tended to reduce reaction time in regular consumers whereas
the opposite was true for non-consumers. Habitual users
and non-users of caffeine were also studied by Haskell
and colleagues (79), using a placebo-controlled, double-
blind, balanced crossover design. They found in both
groups, following overnight caffeine withdrawal, signifi-
cant improvements in performance after 75 and 150 mg
of caffeine. Concerning mood, caffeine tended to have
greater benefits for mood of habitual users than for the
non-consumers. The authors argued, in line with Attwood
et al. (76), that basic differences between habitual consumers
and non-consumers might explain why some individuals
become caffeine consumers and others do not and why some
people may profit more from caffeine than others.

Issues that need to be addressed by future research:

e Assess the influence of situational factors related to
caffeine intake in the effects of caffeine.

e Retain detailed information total habitual caffeine
intake from all sources.

e Measure the effects of caffeine as used everyday
practice in non-withdrawn subjects.

e Determine the metabolic rate of caffeine while
taking into account level and pattern of caffeine
consumption, and co-current use of other recre-
ational substances as nicotine and alcohol.

e Study over the day the changes in expectancy and
motives why caffeine is taken.

e Look for strategies people use in their caffeine
consumption to maintain wakefulness and alertness
in suboptimal conditions like in shift work and/or
during sleep deprivation.

o Unravel inter-individual differences
effects.

e Examine dose-dependent effects of caffeine on
performance and well-being both in optimal and
suboptimal states.

e Examine the different sensitivity to caffeine of
different underlying brain structures.

in caffeine
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