@ Pergamon

Pharmacology Biochemistry and Behavior, Vol. 51, No. 4, pp. 941-945, 1995
Copyright © 1995 Elsevier Science Ltd

Printed in the USA. All rights reserved

0091-3057/95 $9.50 + .00

0091-3057(94)00426-9

BRIEF COMMUNICATION

Caffeine Withdrawal Symptoms
and Self-Administration Following
Caffeine Deprivation

SUZANNE H. MITCHELL,*' HARRIET pE WIT* AND JAMES P. ZACNY*}

*Department of Psychiatry and 1 Department of Anesthesia and Critical Care,
University of Chicago, Chicago, IL

Received 17 March 1994

MITCHELL, S. H., H. pE WIT AND 1. P. ZACNY. Caffeine withdrawal symptoms and self-administration following
caffeine deprivation. PHARMACOL BIOCHEM BEHAV 51(4) 941-945, 1995. — This study examined the effects of com-
plete or partial caffeine deprivation on withdrawal symptomatology and self-administration of coffee in caffeine-dependent
coffee drinkers. Nine habitual coffee drinkers abstained from dietary sources of caffeine for 33.5 h. Caffeine deprivation was
manipulated by administering capsules containing 0%, 50%, or 100% of each subject’s daily caffeine intake (complete,
partial, and no deprivation conditions). Caffeine withdrawal symptomatology was measured using self-report questionnaires.
Caffeine self-administration was measured using: i) the amount of coffee subjects earned on a series of concurrent random-
ratio schedules that yielded coffee and money reinforcers; ii) the amount of earned coffee they consumed. Saliva samples
revealed that subjects complied with the caffeine abstinence instructions. Caffeine withdrawal symptoms occurred reliably
following complete caffeine deprivation, though not in the partial deprivation condition. Caffeine self-administration was not
related to deprivation condition. We conclude that caffeine withdrawal symptomatology is not necessarily associated with

increased caffeine consumption.
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MOST habitual caffeine users experience a specific pattern of
physiological withdrawal symptoms within 24 h of complete
caffeine deprivation [for review sece (8)], even after low daily
doses of caffeine. For example, Griffiths and colleagues re-
ported that subjects whose daily caffeine intake was 100 mg
(approximately one cup of coffee) experienced headache and
fatigue when caffeine was omitted from their diets (12). Other
withdrawal symptoms have been described, including de-
creased alertness and vigor, and increased irritability (7). Al-
though caffeine withdrawal symptomatology following com-
plete caffeine deprivation has been examined in a number of
studies, no studies have examined partial caffeine deprivation.

Complete caffeine deprivation increases the frequency with
which caffeinated coffee is chosen and is self-administered

relative to decaffeinated coffee [e.g., (11), but also see (9,13)].
In studies measuring withdrawal symptoms together with self-
administration, it has been noted that withdrawal symptoms
usually accompany this increased self-administration [e.g.,
(14,15)]. As in research examining only the symptomatology
of caffeine withdrawal, the effect of partial caffeine depriva-
tion on the amount of caffeine self-administered by subjects
has not been assessed.

The current study was designed to examine the effects of
complete and partial caffeine deprivation on withdrawal
symptomatology and on the amount of caffeine subjects self-
administered. We assessed responding for caffeinated coffee
in regular, habitual caffeine users (coffee drinkers) after 33.5 h
of either complete caffeine deprivation (0% daily caffeine in-
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take), partial deprivation (50%), or no deprivation (100%).
Each deprivation condition was examined twice. Caffeine
withdrawal symptomatology was measured using self-report
questionnaires. Self-administration behavior was measured by
i) the amount of caffeinated coffee earned by subjects re-
sponding on a computer task, and ii) the amount of earned
coffee they consumed. It was anticipated that the number and
severity of withdrawal symptoms, as well as the consumption
of coffee, would be positively related to the degree of caffeine
deprivation.

METHOD
Subjects

Five male and four female volunteers participated in the
study, which was approved by the local institutional review
board. Subjects were recruited from the local community via
newspaper and bulletin board advertisements. Eligible candi-
dates had to be between 21 and 35 years (actual mean age +
SE: 25.4 + 1.5 years), smoke less than five cigarettes/day
(actual mean smoking: 0.3 = 0.2 cigarettes/day), and drink
at least five 5-0z cups of caffeinated coffee daily (i.e., have a
mean daily caffeine intake of at least S00 mg caffeine/day)
(actual mean intake: 686.4 + 47.7 mg/day). Each subject’s
approximate daily caffeine intake was calculated from his/her
self-reported beverage consumption, using figures based on
those provided by (23) and (4). All subjects reported that they
usually consumed their daily amount of coffee before 1400 h,
but half of the subjects had either caffeinated soda or hot
chocolate after that time. Candidates fulfilling the selection
criteria were screened to exclude any volunteers with a current
medical problem, a history of any psychiatric disorder, or a
current substance use disorder [DSM-III-R criteria (1)]. Sub-
jects gave informed consent at the outset of the study and
were paid for participating during a debriefing session, held
after completion of the study.

Procedure

Orientation session. Before participating, each subject at-
tended an orientation session. During this orientation, the ex-
perimental procedures were explained and subjects practiced
the computer task to be used during the experimental sessions.
At this time subjects filled out a survey form that required
them to identify how they normally prepared their coffee (pre-
ferred brand, use of milk, etc.) and to describe the frequency
and amounts of their usual daily beverage consumption (cof-
fee, decaffeinated coffee, tea, soda, hot chocolate, water,
etc.).

Experimental sessions. Subjects participated in six experi-
mental sessions, spaced at least 48 h apart. During the course
of the six experimental sessions, each subject received three
doses of caffeine (0%, 50%, and 100% of his/her self-
reported daily intake) on two occasions. The order of the three
caffeine dose conditions was randomized within the first three
sessions and within the second three sessions.

Subjects were instructed in the consent form to abstain
from taking any drugs other than those provided by the exper-
imenter for the 24 h preceding each session (the “presession
day”) and the 9.5 h on the morning before the experimental
session. Thus, subjects were prohibited from ingesting any
drugs for a total of 33.5 h. They were explicitly instructed that
this prohibition extended to “everyday” drugs such as aspirin,
caffeine, and alcohol in addition to prescription drugs and
“recreational” drugs (e.g., marijuana, cocaine).
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On the presession day subjects came to the laboratory at
0900 h for 5 min to take a capsule and to collect two additional
capsules. They were instructed to take one of the additional
capsules at 1500 h on the presession day and the other at 0800
h the day of the session. Subjects were required to call the
laboratory each time they took a capsule. Capsules were indi-
vidually prepared so that each capsule contained sufficient
caffeine to provide a subject with either 0%, 25%, or 50% of
his/her daily caffeine intake. A dextrose filler was used to
ensure all capsules were filled equally, regardless of caffeine
content. In this way subjects received either 0% (2 x 0%),
50% (2 x 25%) or 100% (2 X 50%) of their approximate
daily caffeine intake on the presession day and 0%, 25%, or
50% on the morning of the session. Capsules were adminis-
tered double-blind. Subjects were informed that the capsules
could contain a placebo, stimulant, or tranquilizer and that
the purpose of the study was to examine whether the substance
contained in the capsule would affect the subjects’ desire to
consume coffee.

On the day of the session, subjects were instructed to eat
breakfast after taking the capsule at 0800 h. Then they came
to the laboratory at 0930 h, When they first arrived in the
laboratory a saliva sample was collected for later caffeine
analysis (2), by Labstat Incorporated, Canada, to verify that
subjects had taken the capsules and abstained from other,
dietary sources of caffeine. Subjects were told that the analysis
of their saliva would reveal both that the capsules had been
taken and that they had abstained from all other drug use, as
required by the study.

Subjects then completed two Visual Analog Scales (VAS)
to assess caffeine withdrawal symptomatology. One con-
cerned the subjects’ sensations over the preceding 24 h, and
the other with subjects’ current sensations. Both were paper
and pencil questionnaires on which there were ten 100-mm
lines. Each line was labeled with an adjective: “alert-
energetic,” “anxious,” “headachy,” “disorientated-inefficient,”
“irritable,” “relaxed-content-calm,” “restless-nervous-jittery,’
“sluggish,” “stimulated” and “tired-sleepy.” Subjects were in-
structed to draw a vertical mark on the line in the place that
corresponded to the extent of the sensation in question, from
“not at all” to “very much.”

Then subjects performed a computer task (described be-
low) that allowed them to earn points exchangeable for coffee
or for money. This task took approximately 15 min. After
completing the task, subjects prepared the amount of pre-
ferred brand coffee that they had earned using a drip coffee-
maker, under the supervision of the experimenter. They re-
ceived the prepared coffee and the money they had earned in
the task at the same time. Afterwards, subjects remained in
the laboratory for 2 h, during which time they could drink the
coffee that they had earned. Any coffee remaining after the
2-h period ended was measured. Subjects were allowed to
read, study, and/or watch TV during the 2 h. Water was
available throughout this period but subjects were not permit-
ted to eat.

Computer task. The computer task used during each ses-
sion was based on a software package known as Apple Picker
(21). The task involved five trials, each trial requiring 100
responses. On every trial, subjects were exposed to two con-
current RR schedules of reinforcement and could apportion
their responding between the two schedules, depending on
their preferences. One schedule was associated with coffee,
one with money. The probability of earning points from the
coffee schedule varied systematically across trials: probabili-
ties of 0.06, 0.13, 0.25, 0.50, and 0.75 (RR16, RR8, RR4,
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RR2, and RR1.3) were given in ascending or descending order.
The money schedule was always associated with a 0.25 proba-
bility of reinforcement (RR4). Each subject experienced either
the ascending or descending order on the first three sessions
and the other order on the second three sessions. Placards
listing the probabilities were on display throughout the task.
Each reinforcement schedule was associated with an array
of symbols on the computer screen: one schedule had 100 ‘X’s
and the other had 100 ‘O’s. Subjects could earn a point on the
RR schedule by pressing the mouse button when the cursor
was over a symbol. Each point earned was exchangeable for
0.036 cups of coffee or $0.024. If subjects responded exclu-
sively on the coffee schedule for all five trials (i.e., a total of
500 responses, earning approximately 169 points), the average
number of cups of coffee that could be earned was 6.00 (169
points X 0.036 cups). If they responded exclusively on the
money schedule for all trials (i.e., a total of 500 responses,
earning approximately 125 points), the average amount of
money that could be earned was $3.00 (125 points x $0.024).

Dependent Measures and Data Analysis

To verify that subjects had ingested their capsules and com-
plied with deprivation instructions, the caffeine content of
their saliva samples was examined using two-way within-
subjects analysis of variance (ANOVA) with repeated mea-
sures on caffeine dose (0%, 50%, 100% of normal daily in-
take) and occasion (first or second occasion a dose was
administered). Two-way within-subjects ANOVAs were also
conducted on subjects’ pretask caffeine withdrawal symptom-
atology measures to assess whether caffeine withdrawal symp-
toms differed across caffeine dose conditions.

Changes in caffeine self-administration were analyzed us-
ing two-way within-subjects ANOVAs on the number of cups
of coffee earned during the computer task and the amount of
coffee consumed during the 2 h after completing the task.
Variations in responding for coffee as a function of the differ-
ent probabilities of reinforcement on the coffee schedule
(0.06, 0.13, 0.25, 0.50, and 0.75) were examined using a three-
way ANOVA with repeated measures on caffeine dose, occa-
sion, and probability.

RESULTS

Analysis of the subjects’ saliva indicated that they took the
capsules in accordance with the experimental instructions: the
mean amount of caffeine in subjects’ saliva was a direct func-
tion of the caffeine dose [0%: 196.1 + 62.2 ng/ml; 50%:
2477.0 £ 325.4 ng/ml; 100%: 5926.1 + 667.8 ng/ml; F(2,
16) = 30.97, p < 0.001].

Subjects exhibited more caffeine withdrawal symptoms
when they were in the 0% caffeine condition than during the
50% and 100% caffeine conditions (Fig. 1). Subjects reported
more headaches, F(2, 16) = 7.05, p < 0.01, over the 24 h
before experimental sessions on which they were completely
abstinent from caffeine compared to sessions on which some
caffeine was received. There was also a significant effect of
caffeine dose on feeling sluggish, F(2, 16) = 4.93, p < 0.05,
and tired-sleepy, F(2, 16) = 3.74, p < 0.05, over the same
period.

In addition, subjects reported some caffeine withdrawal
symptoms immediately prior to performing the computer
task. Subjects reported feeling more headachy before sessions
of the 0% caffeine dose condition than before the 50% and
100% conditions, F(2, 16) = 6.40, p < 0.01. They also felt
more sluggish and more tired-sleepy during the first, but not
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FIG. 1. Mean ratings of “headachy,” “sluggish” and “tired-sleepy”
for the 24 h prior to the task under the three caffeine dose conditions
(in mm). Mean ratings were calculated from data obtained for all
subjects at each replication. SEs are also shown.

the second, occasion that the 0% condition was administered
than during the other conditions [caffeine dose X occasion:
F(2, 16) = 7.88, p < 0.01 and F(2, 16) = 7.46, p < 0.01,
respectively].

There was a strong relationship between the probability of
earning coffee and the amount of responding on the coffee
schedule. As shown in Fig. 2, the higher the probability of
earning coffee, the more responses were made, F(4, 32) =
62.42, p < 0.0001. However, this relationship between proba-
bility and responding was unaffected by the different caffeine
dose conditions [caffeine dose X probability: F(8, 64) =
0.81, NS]J. Further, total number of responses for coffee out
of 500 during the computer task was unaffected by caffeine
dose condition [0%: 179.1 + 14.2 responses; 50%: 167.8 +
14.1 responses; 100%: 183.6 + 15.6 responses; F(2, 16) =
1.14, NS]. In addition, there was no relationship between caf-
feine dose condition and the amount of coffee subjects earned
[0%: 3.7 + 0.2 cups; 50%: 3.5 + 0.2 cups; 100%: 3.9 + 0.2
cups; F(2, 16) = 2.40, NS]. Moreover, the amount of the
earned coffee subjects consumed during the 2-h posttask pe-
riod was stable across caffeine dose conditions [0%: 3.3 +
0.2 cups; 50%: 3.2 + 0.2 cups; 100%: 3.4 + 0.2 cups; F(2,
16) = 1.26, NS].

DISCUSSION

The current study was designed to examine the effects of
complete and partial caffeine deprivation on both subjective
withdrawal symptoms and self-administration of caffeinated
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FIG. 2. Mean amounts of responding for coffee on the computer
task as a function of the probability that responding would yield
points exchangeable for coffee (0.06, 0.13, 0.25, 0.50, 0.75) under
the three caffeine dose conditions. Means were calculated from data
obtained for all subjects at each replication.

coffee. Complete caffeine deprivation was associated with the
occurrence of a number of withdrawal symptoms. Subjects
reported increased VAS ratings of “headachy,” “sluggish,”
and “tired” 24 h and immediately before performing the com-
puter task. Such effects of caffeine deprivation have been
reported by other researchers [e.g., (14)]. Subjects experienced
the most pronounced withdrawal symptoms during the com-
plete deprivation conditions (0%), and far smaller effects dur-
ing the partial and no deprivation conditions (50% or 100%).
The occurrence of similar VAS scores for the partial and no
deprivation conditions is somewhat surprising and suggests
that doses of caffeine that are low relative to the amount
consumed daily can be sufficient to prevent caffeine with-
drawal symptoms. The fact that these VAS scores were greater
than zero presumably reflects the normal state of our subjects.
It is interesting to note that withdrawal symptoms were re-
ported more reliably when subjects considered the deprivation
period as a whole than when they considered only the mo-
ments immediately prior to the task. This result is compatible
with the notion that withdrawal symptoms can vary in inten-
sity during a period of deprivation, or that withdrawal symp-
toms can vary in intensity as a function of time of day. The
role played by subjects’ normal pattern of coffee intake on
the extent and occurrence of these withdrawal symptoms is
unclear.

Although several studies have shown that humans choose
caffeine over placebo more frequently following complete caf-
feine deprivation compared to no deprivation [e.g., (11}],
other studies have failed to observe this [e.g., (13)]. Hughes
and colleagues suggest that the presence of withdrawal symp-
toms may be vital for self-administration to increase above
baseline levels (15). In the current study, subjects did experi-
ence caffeine withdrawal symptoms after complete caffeine
deprivation, but this was not associated with an increase in the
amount of coffee self-administered. This suggests that coffee
drinking in these subjects was under the control of factors
other than the pharmacological effects of the caffeine con-
tained in the coffee. The fact that subjects drank an average
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of 3.4 cups of coffee within 2 h after consuming an average of
343 mg of caffeine (in the 100% condition) also suggests that
coffee drinking was independent of the caffeine content of the
coffee.

One difference between this and the previous studies that
may account for the different pattern of results that we ob-
served was that our subjects were blind to the deprivation
conditions and to the drug under investigation. It is possible
that they did not associate the occurrence of headaches, etc.,
with caffeine deprivation. Such knowledge may be crucial to
change caffeine consumption. In other caffeine self-adminis-
tration studies, while subjects were blind to which capsule or
which sachet of coffee contained caffeine, subjects were usu-
ally aware that the effects of caffeine were being investigated.
For example, Griffiths and colleagues informed subjects that
a variety of chemical compounds found in coffee, including
caffeine and other substances, were being studied [(11) p.
130]. In other studies, subjects have been told that the caffeine
content of the coffee that they are consuming may be varied
[e.g., (9,10)] or subjects have been given different packets of
coffee and told not to ingest caffeine from any other source
[e.g., (13-15,22)). Perhaps if our subjects had been informed
that the experimenters were varying the amount of caffeine
administered to them, and if they associated certain sensations
(e.g., headache) with caffeine deprivation, then they would
have self-administered more coffee whenever they experienced
such caffeine withdrawal symptoms.

Although it is possible that the absence of differences in
caffeine self-administration across the caffeine dose condi-
tions was due to insensitivity of the task, three types of evi-
dence argue against this. First, subjects responded differen-
tially to the different probabilities of earning coffee: they
responded less at low probabilities than at high probabilities.
Second, other researchers have successfully used this task to
measure changes in preference between different reinforcers,
for example, highly preferred foods and less-preferred foods
(25), and food or money and alcohol (31). Third, other work-
ers have used this task to show that complete deprivation from
another drug, nicotine, was associated with increased respond-
ing for that drug compared to no deprivation (5,24).

One important aspect of the experimental procedure used
in our study was that subjects did not earn coffee directly
while performing on the task, but rather they earned points
that were exchanged for coffee after they had completed the
task. This procedure makes the assumption that the value of
points is related to the value of the commodity for which they
are exchanged. This assumption is supported by the results of
several studies in which the number of points earned changed
as a function of a manipulation that altered the reinforcing
value of the reinforcer but should not have altered the rein-
forcing value of the points per se. For example, using a task
essentially the same as that used in our experiment, Epstein
and colleagues found that subjects earned a larger number of
points exchangeable for food while they were food deprived
than when not deprived, and they earned a larger number of
points exchangeable for cigarette puffs while they were smok-
ing deprived than when not deprived (4). In addition, chang-
ing the value of a reinforcer has been associated with changes
in the number of points earned in other studies in which points
were exchanged for alcohol and money (3,26,27), cigarettes
and money (19), coffee and money (20), money only (6,16),
and food only (17,18,25,27).

In conclusion, the current experiment demonstrates that
coffee drinking in habitual coffee drinkers is not increased by
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a 33.5-h period of caffeine deprivation. This result indicates
that, for caffeine, the presence of withdrawal symptoms is a
more sensitive indicator of drug deprivation than subsequent
drug consumption, and that withdrawal symptoms may occur
while self-administration remains unaffected.
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