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Abstract Rationale: Although reports of caffeine withdrawal in the medical literature date back more than
170 years, the most rigorous experimental investigations
of the phenomenon have been conducted only recently.
Objectives: The purpose of this paper is to provide a
comprehensive review and analysis of the literature
regarding human caffeine withdrawal to empirically
validate specific symptoms and signs, and to appraise
important features of the syndrome. Methods: A literature search identified 57 experimental and 9 survey studies
on caffeine withdrawal that met inclusion criteria. The
methodological features of each study were examined to
assess the validity of the effects. Results: Of 49 symptom categories identified, the following 10 fulfilled
validity criteria: headache, fatigue, decreased energy/
activeness, decreased alertness, drowsiness, decreased
contentedness, depressed mood, difficulty concentrating,
irritability, and foggy/not clearheaded. In addition, flu-like
symptoms, nausea/vomiting, and muscle pain/stiffness
were judged likely to represent valid symptom categories.
In experimental studies, the incidence of headache was
50% and the incidence of clinically significant distress or
functional impairment was 13%. Typically, onset of
symptoms occurred 12–24 h after abstinence, with peak
intensity at 20–51 h, and for a duration of 2–9 days. In
general, the incidence or severity of symptoms increased
with increases in daily dose; abstinence from doses as low
as 100 mg/day produced symptoms. Research is reviewed
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indicating that expectancies are not a prime determinant of
caffeine withdrawal and that avoidance of withdrawal
symptoms plays a central role in habitual caffeine
consumption. Conclusions: The caffeine-withdrawal
syndrome has been well characterized and there is
sufficient empirical evidence to warrant inclusion of
caffeine withdrawal as a disorder in the DSM and revision
of diagnostic criteria in the ICD.
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Introduction
Caffeine is the most widely used behaviorally active drug
in the world (Gilbert 1984). In North America, 80–90% of
adults report regular use of caffeine (Gilbert 1984; Hughes
and Oliveto 1997). Mean daily intake of caffeine among
caffeine consumers in the United States is about 280 mg,
with higher intakes estimated in some European countries
(Gilbert 1984; Barone and Roberts 1996). In the United
States, coffee and soft drinks are the most common
sources of caffeine, with almost half of caffeine consumers
ingesting caffeine from multiple sources, including tea
(Hughes and Oliveto 1997).
After oral ingestion, caffeine is rapidly and completely
absorbed, with peak blood levels generally reached in 30–
45 min (Denaro and Benowitz 1991; Mumford et al. 1996;
Liguori et al. 1997a), and is quickly eliminated, with a
typical half-life of 4–6 h (Denaro and Benowitz 1991).
The primary mechanism of action of caffeine is competitive antagonism at A1 and A2A adenosine receptors
(Fredholm et al. 1999). Caffeine produces a variety of
physiological effects, including effects on the cerebral
vascular system, blood pressure, respiratory functioning,
gastric and colonic activity, urine volume, and exercise
performance (James 1997). Low to moderate doses of
caffeine (20–200 mg) produce reports of increased wellbeing, happiness, energy, alertness, and sociability,

2

whereas higher doses are more likely to produce reports of
anxiety, jitteriness, and upset stomach (Griffiths et al.
2003). Chronic administration of caffeine results in
tolerance to a number of its physiological, subjective,
and behavioral effects (Griffiths and Mumford 1996).
Caffeine has been shown to function as a reinforcer in
humans (e.g. Hughes et al. 1991; Evans et al. 1994), and
some individuals become clinically dependent on caffeine
as indicated by being unable to quit and continuing use
despite having medical problems made worse by caffeine
(Strain et al. 1994; Hughes et al. 1998).
Regular use of caffeine also produces physical dependence, evidenced as time-limited withdrawal symptoms
upon the termination or reduction of one’s usual caffeine
dose. Physical dependence on caffeine has been documented in both pre-clinical and clinical research, and the
biological basis has been hypothesized to be increased
functional sensitivity to endogenous adenosine (Griffiths
and Mumford 1996). Symptoms of caffeine withdrawal
have been described in the medical literature for more than
170 years. In 1988, the first comprehensive review of
clinical reports and experimental studies on caffeine
withdrawal was published (Griffiths and Woodson
1988), which provided evidence for caffeine withdrawal
as a discrete clinical syndrome. Since that time, the
research literature on caffeine withdrawal has increased
substantially. For example, of 48 blind caffeine-withdrawal studies identified for this review, only five were
published before 1988.
The present review was inspired by this emergent
research literature, which has not been comprehensively
reviewed, as well as by the practical need to develop
empirically based diagnostic criteria for caffeine withdrawal. In 1994, a tentative research diagnosis of caffeine
withdrawal was proposed in the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV) to encourage
research on diagnostic criteria and the utility of the
diagnosis (American Psychiatric Association 1994). Only
one-quarter of the blind studies identified for this review
were available to the DSM-IV Work Group (Hughes
1994). The review also addresses the previous suggestions
(Rubin and Smith 1999; Dews et al. 2002) that caffeine
withdrawal is not clinically significant and is primarily
determined by expectancies.

Methods for searching and categorizing the literature
Search strategy and inclusion criteria
The following strategies were used to identify possible
studies for this review: (1) PubMed (1950–2004) and
PsycInfo (1872–2004) searches were conducted with the
keywords “caffeine” in conjunction with “withdrawal,”
“dependence,” “deprivation,” or “abstinence”; (2) the
authors searched their personal journal article collections
on caffeine withdrawal; and (3) relevant references cited in
papers obtained through the first two strategies and major
reviews of caffeine and caffeine withdrawal (Griffiths and

Woodson 1988; Fredholm et al. 1999; Nehlig 1999;
Griffiths et al. 2003) were examined to identify additional
relevant papers. To be included, experimental studies had
to require a caffeine abstinence period of 12 h or greater
because withdrawal onset generally occurs after 12 h of
abstinence (Griffiths and Woodson 1988).
Excluded studies
Although possibly relevant to caffeine withdrawal, several
types of studies were excluded from detailed summarization and analysis (Tables 1, 2, 3, 4): (1) several studies
were excluded because they were not clearly interpretable
(Horst et al. 1934; Mackenzie et al. 1981; Ammon et al.
1983; Smith 1996; Reeves et al. 1999; Watson et al. 2000);
(2) a series of carefully conducted studies comparing
placebo and caffeine conditions after overnight abstinence
were not presented in a way that was clearly interpretable
as caffeine-withdrawal effects (Yeomans et al. 2000a,b,
2001); (3) several studies that purported to demonstrate
caffeine effects after a period of abstinence (e.g., Lieberman et al. 1987; Brice and Smith 2002) were excluded,
although some of these studies acknowledged that the
effects may represent a reversal of caffeine withdrawal
(e.g., Bruce et al. 1986; Hindmarch et al. 1998; Kenemans
et al. 1999; Smit and Rogers 2000); (4) studies exploring
caffeine-withdrawal headache following surgical anesthesia were excluded because of the possible confounding
effects of anesthesia (Galletly et al. 1989; Fennelly et al.
1991; Weber et al. 1993; Nikolajsen et al. 1994; Hampl et
al. 1995); (5) case studies of neonatal caffeine withdrawal
were excluded (McGowan et al. 1988; Thomas 1988); and
(6) a survey study purporting to assess the prevalence of
caffeine-withdrawal headache was excluded because the
methods were ambiguous and it was not clear whether the
subjects ever experienced periods of caffeine abstinence
(Sjaastad and Bakketeig 2004).
Categorization of withdrawal studies
The inclusion strategy resulted in the identification of 42
double-blind experiments (Table 1), 15 non-blind and
single-blind experiments (Table 2), and 9 survey studies
(Table 3). Table 4 provides a summary of the individual
withdrawal symptoms that are documented in Tables 1, 2,
and 3 (for completeness, Appendix A shows which of the
experimental studies in Tables 1 and 2 failed to document
each of the evaluated symptoms and signs). In constructing Table 4, all symptoms documented in Tables 1, 2, and
3 were first catalogued, and then phenomenologically
similar descriptors were combined (e.g., drowsiness,
sleepy, drowsy/sleepy/tired, sedated, feel half awake, and
decreased wakefulness were combined in a single category
called “drowsiness/sleepiness”). Categories and descriptors for each category are presented below. It is recognized
that the resulting 49 symptom categories may not represent
fully independent constructs. In the absence of empirical

10. Evans and Griffiths (1992)

9. Silverman et al. (1992)

8. Bruce et al. (1991)

7. van Dusseldorp and Katan (1990)

6. Griffiths et al. (1990) [Phase 2]

5. Griffiths et al. (1990) [Phase 1]

4. Griffiths et al. (1986)

3. Robertson et al. (1981)

In heavy coffee drinkers morning headache occurred significantly more frequently after placebo (25% of trials) than after
caffeine (3% of trials); in moderate drinkers the frequency of headache was non-significantly higher after placebo (12% of
trials) than after caffeine (7% of trials); in light drinkers the frequency of headache was <1% after both caffeine and placebo

Withdrawal signs and symptomsb,c

Compared with coffee abstainers, coffee users were less alert, active/energetic, and content, and more sleepy, irritable, and
nervous after caffeine abstinence; among coffee users placebo produced increased ratings of headache, lazy/sluggish, irritable,
sleepy, and decreased ratings of talkative, contentedness, and energy/active compared with caffeine; caffeine generally
produced a dose-related suppression of withdrawal symptoms in the coffee users
N=18 adults who were not habitual caffeine consumers were caffeine abstinent for 3 weeks preceding the study; within subjects Substitution of placebo did not result in detectable effects on blood pressure, urinary norepinephrine, or urinary epinephrine
and across group design; approximately half the subjects received 750 mg caffeine/day in flavored drinks for 7 days, followed
by substitution of placebo flavored drinks for 4 days; abstinence was biologically verified
N=7 males who were heavy coffee drinkers (mean 12 cups/day); within-subjects design; after approximately 10 consecutive Compared with caffeinated coffee consumption, decaffeinated coffee substitution resulted in increased subject ratings of
days of ad libitum coffee consumption (mean 1.25-g/day caffeine for the last 5 days), subjects were switched to decaffeinated headache, sleepy, lazy, fatigue (POMS) and decreased alert, active, vigor (POMS), and friendliness (POMS); observation of
coffee for at least 10 days; abstinence not biologically verified but study was conducted in a residential laboratory
subjects’ behavior also showed significant withdrawal based on a composite withdrawal score; cigarette smoking decreased
during decaffeinated coffee consumption; 100% of subjects reported withdrawal headache
N=7 investigator-subjects with histories of regular caffeine consumption; within-subjects design; subjects given capsules
Compared with caffeine maintenance, placebo substitution resulted in increased headache, cerebral fullness, irritable/cross/
containing 100 mg caffeine/day for 9–14 days, then placebo capsules for 12 days, and then capsules containing 100 mg
grumpy, depression, muscle pain/stiffness, lethargy/fatigue/tired/sluggish, craving, and flu-like feelings, and decreased alert/
caffeine/day for 7–12 days; abstinence was biologically verified
attentive/observant, well-being, social disposition, motivation for work, concentration, energy/active, urge to do tasks/work,
content/satisfied, and self-confidence; these withdrawal symptoms peaked on days 1 or 2 and progressively decreased toward
pre-withdrawal levels over about a week
N=7 investigator-subjects with histories of regular caffeine consumption; within-subjects design; subjects given capsules
Compared with caffeine days, intermittent placebo resulted in increased fatigue (POMS)d, confusion–bewilderment (POMS),
containing 100 mg caffeine/day for 6 weeks; on five occasions placebo capsules were substituted for caffeine for 1 day
and total mood disturbance (POMS), and decreased vigor (POMS) and friendliness (POMS); in addition, compared with
(separated by an average of 9 days); abstinence was biologically verified
caffeine days, intermittent placebo resulted in all of the withdrawal symptoms observed in phase 1 (see above) as well as
increased muzzy, drowsy/sleepy, yawning, blurred vision, lightheaded/dizzy, impaired work/thought related activities and
impaired verbal ability; all of these withdrawal symptoms plus decreased anxious/nervous were also significant when
intermittent placebo was compared with a chronic placebo period (days 8–12 of placebo from phase 1) [exceptions:
lightheaded/dizzy, impaired verbal ability, urge to do tasks/work and motivation for work were not significant]; withinsubjects analysis of both intermittent placebo versus caffeine and of intermittent placebo versus chronic placebo demonstrated
that more than 57% of subjects showed increased headache, muzzy, drowsy/sleepy, impaired work/thought related activities,
and decreased social disposition, concentration, and self-confidence.
N=45 daily coffee drinkers (4–6 cups/day); within-subjects design; subjects received 5-cups/day caffeinated coffee (435 mg Headache was significantly more likely to occur during the first week of the decaffeinated coffee period; 42% of subjects
caffeine/day) or decaffeinated coffee, each for 6 weeks; abstinence not biologically verified
reported headache; headaches started on the 1st or 2nd day of abstinence and lasted 1–6 days (mean 2.3 days)
N=21 habitual caffeine users (mean 389 mg/day); within subjects and across group design; subjects in one group abstained After placebo, subjects in the 24-h abstinence group reported increased headache and tiredness and showed more psychomotor
from caffeine for 24-h prior to three sessions conducted at weekly intervals; subjects in another group abstained from caffeine performance tiring than the 7-day abstinence group; in the 24-h abstinence group, compared with either dose of caffeine,
for 7 days before as well as between three sessions conducted at 48-h intervals; subjects in both groups received capsules placebo increased headache and tiredness on unipolar scales, and increased lethargy and drowsiness on bipolar scales
containing placebo, 250-mg or 500-mg caffeine in random order; abstinence was biologically verified
(lethargic–energetic; drowsy–alert)
N=62 daily caffeine consumers (mean 235 mg/day); within-subjects design; subjects were assessed while consuming their Compared with both baseline and caffeine, placebo increased irritable/cross/grumpy, blurred vision, drowsy/sleepy, yawning,
normal caffeine intake (baseline) and after two 2-day periods during which they consumed caffeine-free diets and were
lethargy/fatigued/tired/sluggish, muzzy/foggy/not clearheaded, headache, flu-like feelings, heavy feeling in arms and legs, hot
administered capsules containing caffeine (matched to their usual intake) or placebo; abstinence was biologically verified
and cold spells, Beck Depression Inventory scores, somatization (SCL-90-R), state and trait scales of State-Trait Anxiety
Inventory, fatigue (POMS), confusion–bewilderment (POMS), total mood disturbance (POMS), and decreased well-being,
desire to socialize, talkativeness, urge to do tasks/work-related activities, energy/active, content/satisfied, self-confidence,
vigor (POMS), friendliness (POMS), psychomotor performance (tapping speed); compared with baseline and caffeine, during
the placebo period more subjects reported moderate or severe headache (52%), used analgesics despite discouragement
(13%), and showed abnormal scores on trait-anxiety (8%), vigor (11%), and fatigue (8%), and the Beck Depression Inventory
(11%)
Compared with subjects in the chronic placebo condition, subjects in the chronic caffeine condition reported higher ratings of
N=32 daily caffeine consumers (mean 343 mg/day); within subjects and across group design; subjects received capsules
throughout the study; subjects in the chronic placebo condition (N=16) received placebo for 18 days, followed by a 3-day headache and lower ratings of talkativeness in the final withdrawal period; within the caffeine group, no effects occurred
caffeine versus placebo choice phase, followed by another 7 days of placebo; subjects in the chronic caffeine condition
between the placebo and caffeine challenge days which was interpreted as indicating that 24 h of abstinence was insufficient
(N=16) received caffeine for 18 days (the dose progressed from 100-mg t.i.d. to 300-mg t.i.d.); followed by a 3-day caffeine to produce withdrawal symptoms upon termination of very high caffeine doses (i.e., 900 mg/day)
versus placebo choice phase; followed by 2 days of progressively lower doses of caffeine (approximately 183-mg t.i.d. on the
2nd day), followed by 5 days of placebo; abstinence was biologically verified

N = approximately 16 heavy coffee drinkers (5 or more cups/day), 25 moderate drinkers (2–4 cups/day), and 37 light drinkers
(0–1 cups/day); within-subjects design; subjects abstained from coffee after lunch and received 150-mg caffeine or placebo in
decaffeinated coffee at bedtime over four consecutive nights, with both treatments given twice; abstinence not biologically
verified
N=38 female daily coffee drinkers (5 or more cups/day) and 18 female coffee abstainers; within subjects and across group
design; subjects abstained from caffeine after dinner and received placebo, 150-mg or 300-mg caffeine in decaffeinated coffee
the following morning (about 0900 hours); treatments were repeated three times; abstinence not biologically verified

1. Goldstein (1964) [experiments c and d]

2. Goldstein et al. (1969)

Design

Reference

Table 1 Summary of double-blind experimental studies of caffeine withdrawala
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Design

22. Liguori et al. (1997b) [Exp 1]

21. Comer et al. (1997)

20. Lader et al. (1996)h

19. Streufert et al. (1995)

18. Rogers et al. (1995)

17. Richardson et al. (1995)

16. Mitchell et al. (1995)

15. Hughes et al. (1995)

14. Hale et al. (1995)

13. Brauer et al. (1994)e

Within-subjects statistical analyses showed that 30%, 24%, 24%, and 49% of subjects, respectively, reported significant
increases in headache, drowsiness, fatigue, or one or more of these symptoms on decaffeinated days compared with
caffeinated days

Withdrawal signs and symptomsb,c

Overall, 82% showed evidence of caffeine withdrawal during placebo; 64% reported maximal ratings of headache; compared
with standardized norms, 27% showed extreme increases in fatigue (POMS), 45% showed extreme decreases in vigor
(POMS), and 36% showed elevations in depression (Beck Depression Inventory); compared with caffeine, after placebo 55%
of subjects showed significant decreases in psychomotor performance (tapping speed); 45% reported analgesic use despite
discouragement; 73% reported functional impairment in normal daily activities
N=11 daily coffee consumers (mean 480 mg/day); within-subjects design; over a 33-h period subjects consumed a caffeine-free Compared with caffeine maintenance, 33-h abstinence increased headache
diet and were administered either capsules containing placebo or 300-mg caffeine; abstinence was biologically verified
N=18 adolescents (ages 11–15), daily cola drinkers (mean 2.3, 12-oz caffeinated colas/day); within-subjects design; six trials at Compared with the caffeine, placebo increased depressed, drowsy–sleepy, and fatigue–tired, and decreased irregular heartbeat
weekly intervals; on one day subjects consumed caffeine-free colas ad libitum and on another day consumed caffeinated colas and more talkative; within-subjects analyses revealed that 33% of subjects showed significant effects on one or more
ad libitum (33 mg/8 oz); assessment occurred after about 24-h abstinence; abstinence not biologically verified
symptom ratings
N=11 daily coffee drinkers (mean 5.6 cups/day) selected for showing caffeine abstinence symptoms or caffeine preference in a Compared with the caffeine, placebo increased drowsy–sleepy–tired, headaches, fatigue–tired, lazy–sluggish, and depressed
screening test; within-subjects design; six trials at weekly intervals; on one day subjects consumed decaffeinated coffee ad and decreased stimulated–active–energetic–excited, alert–attentive–able to concentrate, and vigor; within-subjects analyses
libitum and on another day consumed caffeinated coffee ad libitum (either 25 mg or 50 mg/serving); assessment occurred after revealed that 73% of subjects showed significant effects on one or more symptom ratings, with 45% reporting increases in
drowsy–sleepy–tired; 27% reporting decreases in stimulated–active–energetic–excited, alert–attentive–able to concentrate,
about 24-h abstinence; abstinence not biologically verifiedf
and vigor; 18% reporting increased fatigued–tired, depressed, and decreased content–relaxed–satisfied, and 9% reporting
increased headache, irritable–frustrated–angry–cross, lazy–sluggish, and decreased talkative
N=9 daily coffee consumers (mean 686 mg/day); within-subjects design; subjects consumed a caffeine-free diet and were Compared with the 50% and 100% caffeine conditions, placebo (33.5-h abstinence) increased headachy, sluggish, and tired–
administered capsules containing placebo or caffeine (50% or 100% of their usual amounts) on the day before and the day of sleepy; abstinence did not affect amount of responding on an operant task reinforced by coffee delivery
assessment; abstinence was biologically verified
N=49 regular caffeine consumers (mean 252 mg/day) and N=18 non-consumers; four groups: non-consumers and three
Overnight abstinence (13–15 h) compared with 90-min abstinence produced increased ratings of angry, tired, drowsy, dejected
consumer groups who abstained from caffeine for either 90 min, overnight, or 7 days; subjects in each group received
and decreased ratings of clearheaded, friendly, and cheerful; overnight abstinence compared with 7 days of abstinence
capsules containing placebo, 70 mg or 250 mg in counterbalanced order; abstinence not biologically verifiedf
produced increased ratings of angry, tired, drowsy and dejected; overnight abstinence compared with non-consumers
produced increased headache, angry, tired, drowsy, dejected and decreased clearheaded
N=24 low caffeine users (mean 47 mg/day) and N=25 moderate caffeine users (mean 205 mg/day); ten experimental sessions; In moderate caffeine users, compared with subjects receiving caffeine, subjects receiving placebo reported increases in tired
after overnight abstinence half the subjects consumed a drink containing 70-mg caffeine and half consumed a non-caffeinated and decreases in cheerful, clearheaded, energetic, and lively; in contrast, no significant differences were found between
drink; assessment occurred 1 h later; abstinence not biologically verified
caffeine and placebo in low caffeine users
N=25 caffeine users who held managerial positions (mean 565 mg/day); within-subjects design; subjects were instructed to Compared with caffeine, placebo was associated with increased drowsy/sleepy, yawning, lethargy/fatigue/tired/sluggish,
abstain from caffeine for 36-h prior to each of 2 assessment days; the day prior to the assessment day and morning of the irritable/cross/grumpy and decreased alert/attentive/observant, well-being, ability to concentrate, energy/active, need to pass
assessment day subjects were given either capsules containing caffeine (matched to their usual intake) or placebo; abstinence water frequentlyg; compared with caffeine placebo decreased systolic blood pressure and decreased performance on complex
was biologically verified
simulated tasks (i.e., number of decisions, speed of response to information, diversity of action, number of backward
integrations, and applied initiative)
N=40 habitual caffeine consumers (mean 360 mg/day); within and across groups staggered cohort design; after baseline
Compared with baseline, placebo increased tiredness, lethargy, sedation, and muzziness, and decreased alertness and
assessment during usual caffeine consumption, subjects received capsules containing either placebo or caffeine (matched to concentration; these effects were reversed upon caffeine re-administration; compared with baseline, placebo increased EEG
their usual intake); subjects received placebo capsules for 2 consecutive days followed by caffeine capsules for 2 days or 3 alpha peak magnitude and ratings of sleep quality, and decreased skin conductance, systolic blood pressure, and ratings of
days; abstinence was biologically verified
onset to sleep; 68% of subjects reported increased tired and lethargy; 45% reported diffuse throbbing headache, with 28% of
these also reporting nausea and sickness
N=12 daily caffeine users; within-subjects design; 17-day inpatient study; subjects given capsules containing 300-mg caffeine On placebo days subjects reported increased ratings of headache, miserable, sedated, sleepy, tired, unmotivated, and yawning,
daily except for two 2-day placebo substitutions on days 5–6 and 12–13; abstinence not biologically verified but study was and decreased ratings of alert, anxious, energetic, and self-confident
conducted in a residential laboratory
N=8 daily caffeinated cola consumers (mean 157 mg/day); within-subjects design; six trials at weekly intervals; on one day Compared with the 33-mg condition, placebo decreased active/energy/excited, more talkative, motivated to work, and wellsubjects consumed caffeine-free colas ad libitum and on another day consumed caffeinated colas ad libitum (either 33 mg or being; compared with the 17-mg condition, placebo increased anxious/tense/nervous, anxiety (POMS), confusion (POMS),
17 mg/8 oz); assessment occurred after about 24-h abstinence; abstinence not biologically verifiedf
irritable/frustrated/angry/cross, and stomachache/upset stomach, and decreased well-being, friendliness (POMS), and vigor
(POMS); within-subject analysis revealed that 50% of the subjects in the 33-mg condition and 25% of the subjects in the 17mg condition showed headache, drowsiness, or fatigue (63% showed drowsiness and/or fatigue in one or both of the
conditions)

11. Hughes et al. (1993) [summarizes results N=37 daily coffee drinkers (mean 552 mg/day) who reported using coffee for caffeine effects or showed withdrawal or
from Hughes et al. (1991, 1992); Oliveto et preference for caffeine in a screening test; within-subjects design; six trials at weekly intervals; on one day subjects consumed
al. (1992a,b)]
decaffeinated coffee and on another day consumed caffeinated coffee (100 mg/serving); assessment occurred after about 24-h
abstinence; abstinence not biologically verified in all subjects
12. Strain et al. (1994)
N=11 daily caffeine users (median 357 mg/day) who met DSM-IV diagnostic criteria for substance dependence on caffeine;
within-subjects design; subjects were assessed after two 2-day periods during which they consumed caffeine-free diets and
were administered capsules containing caffeine (matched to their usual intake) or placebo; abstinence was biologically
verified

Reference

Table 1 (continued)
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34. Evans and Griffiths (1999) [Exp 2]

33. Evans and Griffiths (1999) [Exp 1]

32. Dews et al. (1999)

31. Yeomans et al. (1998)e

30. Van Soeren and Graham (1998)

29. Robelin and Rogers (1998)

28. Phillips-Bute and Lane (1998)

27. James (1998)

26. Garrett and Griffiths (1998)

25. Schuh and Griffiths (1997)

24. Liguori and Hughes (1997)

N=16 daily coffee and cola consumers (mean 579 mg/day); within-subjects design; six trials at weekly intervals; on one day Compared with the caffeine, placebo increased drowsy/sleepy, fatigue/tired, headache, lazy/sluggish/slow-moving, and
subjects consumed caffeine-free colas ad libitum and another day consumed caffeinated colas ad libitum (33 mg/8 oz);
stomachache/upset stomach, and decreased active/energetic/excited, confident, motivated to work, well-being, and
assessment occurred after about 24-h abstinence; abstinence not biologically verifiedf
performance on a psychomotor/cognitive task; drowsiness and headache or drowsiness and fatigue reliably occurred in 2 of
16 participants
N=11 daily coffee and cola consumers (mean 632 mg/day); within-subjects design; subjects were tested in four caffeine versus Compared with the caffeine, placebo increased drowsy/sleepy, fatigue/tired, lazy/sluggish/slow-moving, and nausea/vomiting,
no caffeine conditions using procedures similar to Liguori et al. (1997b); the four caffeine conditions were cola 33 mg/
and decreased active/energetic/excited, alert/attentive/able to concentrate, confident, frequent urinationg, impatience,
serving, coffee 33 mg/serving, cola 100 mg/serving, coffee 100 mg/serving; assessment occurred after about 24-h abstinence; motivated to work, stronger/more vigorous/more energy, well-being, and performance on a psychomotor/cognitive task
abstinence was biologically verified
N=20 regular caffeine consumers (mean 379 mg/day); within-subjects design; subjects were assessed after two 19-h periods Compared with caffeine, placebo increased headache, worn-out, and flu-like feelings, and decreased alert, well-being, helpful,
during which they consumed caffeine-free diets and were administered capsules containing caffeine (matched to their usual and upset stomach; on a drug versus money choice procedure, subjects chose to forfeit money to avoid receiving placebo—
intake) or placebo; abstinence was biologically verified
this was significantly different from the caffeine condition
N=28 adults; within-subjects design; each subject was exposed to four conditions each of which involved a 9–12 day exposure Placebo challenge after caffeine (acute abstinence) resulted in increased confusion–bewilderment (POMS), fatigue (POMS),
(capsules containing 300 mg/70 kg caffeine or placebo) followed by a 2-day challenge (caffeine or placebo): (1) acute
total mood disturbance (POMS) and decreased vigor (POMS) compared with each of the other three conditions; acute
abstinence (caffeine followed by placebo), (2) chronic abstinence (placebo followed by placebo), (3) acute caffeine (placebo abstinence resulted in decreased alert/attentive/observant, well-being, ability to concentrate, and energy/active compared with
followed by caffeine), (4) chronic caffeine (caffeine followed by caffeine); abstinence was biologically verified
the caffeine challenge after chronic abstinence and chronic caffeine, and increased irritable/cross/grumpy, depressed, and
drowsy/sleepy relative to placebo challenge after chronic abstinence; subjects were willing to forfeit more money to avoid
receiving placebo when maintained on caffeine (acute abstinence) compared with chronic caffeine and chronic placebo
Subjects in the acute abstinence condition reported more frequent headaches (47%) than subjects in the habitual use condition
N=36 habitual caffeine consumers (about 370 mg/day); within-subjects design; subjects received capsules throughout the
study; four conditions: 6 days of caffeine followed by 1 day of placebo (acute abstinence), 6 days of caffeine followed by 1 (14%) and in the chronic abstinence condition (31%); subjects in acute abstinence condition also experienced more severe and
day of caffeine (habitual use), 6 days of placebo followed by 1 day of caffeine, 6 days of placebo followed by 1 day of
longer headaches, less alertness, better sleep quality and duration, and worsened performance on a character recognition task
than the average of the three other conditions
placebo (chronic abstinence); abstinence was biologically verified
N=31 daily coffee consumers (mean 603 mg/day); within-subjects design; subjects abstained from caffeine overnight and then Compared with 4-h abstinence, overnight abstinence increased fatigue (POMS), sleepy, and yawning, and decreased vigor
consumed either capsules containing 250-mg caffeine or placebo 4-h prior to assessment; thus 4-h abstinence was compared (POMS) and systolic and diastolic blood pressure
with an estimated 12–28 h abstinence; abstinence not biologically verified
N=64 daily caffeine consumers (mean 453 mg/day); between groups design; after overnight abstinence, four groups of subjects Compared with subjects who received 1, 2, or 3 drinks of caffeine, subjects who received placebo showed decreased energetic
consumed three fruit-flavored drinks spaced at 75–90 min intervals; conditions were three placebo drinks or 1, 2, or 3 drinks mood and slower reaction time performance
containing caffeine (1.2-mg/kg or about 86-mg caffeine); final assessment occurred after ≥17 h of abstinence; abstinence not
biologically verifiedf
N=6 male athletes who were daily caffeine consumers (mean 761 mg/day); within-subjects design; subjects were tested after Although not statistically analyzed, the authors reported that all subjects reported withdrawal symptoms lasting from 2 days to
receiving capsules containing caffeine or placebo after 0, 2, or 4 days of abstinence from dietary caffeine; six trials were
4 days including severe headaches, fatigue, lethargy, and flu-like symptoms; time to exhaustion on a cycling task was not
separated by ≥10 days; abstinence was biologically verified
affected by the duration of dietary caffeine abstinence in either the placebo or caffeine conditions
N=36 caffeine consumers (mean 329 mg/day); within subject and across group design; on 4 days subjects abstained from Mood data were collapsed across the 4 days; compared with subjects who received caffeine, subjects who received placebo
caffeine overnight and were given beverages (herbal tea and fruit-flavored drinks, respectively) containing either caffeine
with breakfast had lower ratings of lively and energetic 2 h later; compared with subjects who received placebo at breakfast
(100 mg) or placebo at breakfast and midmorning (2 h later); there were four experimental groups: (1) breakfast caffeine/ and caffeine midmorning, subjects who received placebo at both breakfast and midmorning had lower ratings of energy
midmorning caffeine, (2) breakfast caffeine/midmorning placebo, (3) breakfast placebo/midmorning caffeine, (4) breakfast 30 min after the midmorning beverage; the authors interpreted the differences between caffeine and placebo as reflecting
placebo/midmorning placebo; abstinence not biologically verifiedf
caffeine-withdrawal reversal effects
N=57 daily coffee drinkers (mean 200–300 mg/day caffeine immediately before abstinence); three groups of subjects given No statistical analyses were reported; the authors concluded that 39% of subjects showed withdrawal in the first 2 days of
instant coffee for 14 days; the chronic caffeine group received instant caffeinated coffee throughout the study, the abrupt
abstinence in the abrupt abstinence group based on a composite withdrawal measure derived from a mood and attitude
abstinence group received instant decaffeinated coffee for 7 consecutive days, the gradual abstinence group received gradual questionnaire and spontaneously reported withdrawal symptoms (e.g., headache and tiredness); 22% showed substantial
reductions in caffeine over 5 days; abstinence was biologically verified
decreases (≥1.5 points on a 4 point scale) in their ratings of daily functioning; on the first 2 days of abstinence 28% of the
abrupt abstinence group reported headache, while 17% of the chronic caffeine group reported headache
N=15 daily caffeine consumers (mean 241 mg/day) within-subjects design; subjects were maintained on capsules containing Compared with caffeine days, on placebo days subjects reported increased headache, headache/poor mood, tiredness, flu-like
300 mg caffeine/day; 2-day placebo period was repeated six times with 5–9 days of caffeine between periods; abstinence was symptoms, fatigue (POMS), and decreased vigor (POMS), friendliness (POMS), and activity/alertness
biologically verified
N=17 daily caffeine consumers (mean 277 mg/day); within-subjects design; 2-day placebo period after subjects were
Compared with caffeine days, on placebo days after each maintenance dose subjects reported increased headache, fatigue
maintained on capsules containing 100, 300, or 600 mg of caffeine/day; each subject was exposed to two 2-day placebo
(POMS), confusion–bewilderment (POMS), and tiredness; the range and magnitude of withdrawal symptoms increased with
periods at each caffeine dose; abstinence was biologically verified
maintenance dose, with subjects reporting the following additional symptoms after the highest dose: increased headache/poor
mood, total mood disturbance (POMS), and flu-like symptoms, and decreased friendliness (POMS), vigor (POMS), and
activity–alertness; specificity of withdrawal effects can be concluded because higher doses of caffeine produced greater
response to placebo with no change in baseline response to caffeine

23. Liguori et al. (1997b) [Exp 2]

Withdrawal signs and symptomsb,c

Design

Reference

Table 1 (continued)
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b

All studies had a caffeine-abstinence period of 12 h or greater
All effects are statistically significant at P≤0.05 unless otherwise noted
c
For consistency, when placebo and caffeine conditions are compared, the effects are described as the effects of placebo relative to caffeine
d
POMS indicates Profile of mood states questionnaire
e
Only those design elements that are relevant to the analysis of caffeine abstinence effects are described
f
Although abstinence was not biologically verified, saliva samples were taken and subjects were led to believe that samples would be analyzed for compliance
g
Likely a direct effect of caffeine rather than an effect of caffeine withdrawal
h
Some of the results are based on authors’ conclusions because not all significant comparisons were presented (Lader, personal communication, August 2002)

a

42. Tinley et al. (2003)e

41. Rogers et al. (2003)e [Exp 2]

40. Rogers et al. (2003)e [Exp 1]

39. Yeomans et al. (2002b)

38. Swerdlow et al. (2000)

37. Jones et al. (2000)

36. Evans and Griffiths (1999) [Exp 4]

N=19 daily caffeine consumers (mean 294 mg/day); within-subjects design; subjects were maintained on capsules containing Compared with the caffeine maintenance dose of 300 mg, placebo substitution produced increased headache, headache/poor
300 mg caffeine/day; approximately every 7 days a lower dose of caffeine (200, 100, 50, 25 mg) or placebo was substituted mood, tiredness, fatigue (POMS), and total mood disturbance (POMS) and decreased vigor (POMS) and activity/alertness; the
for 2 days; abstinence was biologically verified
range and magnitude of withdrawal symptoms increased as a function of decreasing doses of caffeine, with no withdrawal
reported at 200 mg and fatigue (POMS) and tiredness reported at 100 mg
N=25 daily caffeine consumers (263 mg/day); within-subjects design; subjects maintained on capsules containing 300 mg/day No withdrawal symptoms were shown in response to placebo after 1 day of caffeine; placebo after 3 days of caffeine resulted in
for either 1, 3, 7, or 14 consecutive days; each duration of caffeine exposure was followed by 7 days of placebo; abstinence increase headache/poor mood, fatigue (POMS), tiredness, flu-like symptoms, and total mood disturbance (POMS) and
was biologically verified
decrease activity/alertness; placebo after 7 days or 14 days of caffeine produced headache in addition to most of the symptoms
that occurred in the 3-day condition; specificity of withdrawal effects can be concluded because longer durations of caffeine
exposure produced greater response to placebo
N=10 daily caffeine consumers (mean 333 mg/day); within-subjects design; before two sessions subjects abstained from
Compared with caffeine, placebo decreased alert/attentive/observant, ability to concentrate, energy/active, vigor (POMS), and
caffeine for 21 h and then received capsules containing caffeine (matched to their usual intake) or placebo; subjects were also friendliness (POMS) and increased heavy feelings in arms and legs; placebo also increased velocities in middle and anterior
evaluated while consuming their normal caffeine intake (baseline); abstinence was biologically verified
cerebral arteries and increased EEG theta power; caffeine and baseline conditions were not significantly different on any
measure
N=12 males (mean 173 mg/day) in the caffeine abstinence study and 18 males (mean 147 mg/day caffeine) in the nonCompared with caffeine administration, placebo administration to high caffeine consumers (as determined by median split)
abstinence study; in the abstinence study subjects abstained for >14 h prior to testing; in both studies subjects received either a produced significant elevations in a composite somatic symptom scale (feel sick, queasy, dizzy, and perspiring). Similar
pill containing 200 mg caffeine or placebo; abstinence not biologically verified
effects were shown for the individual symptoms
N=30 caffeine consumers (mean 330 mg/day); within subjects and across group design; after overnight abstinence three groups Compared with subjects given caffeine, subjects given placebo at breakfast had slower reaction times and lower alertness
of subjects received placebo, 1-mg/kg, or 2-mg/kg caffeine in a flavored drink at breakfast on 2 test days; 60 min after the first 45 min later; relative to placebo, caffeine given 60 min after breakfast decreased reaction time and increased alertness in
dose subjects received a drink containing either placebo or 1-mg/kg caffeine in counterbalanced order across the 2 test days; subjects who received placebo at breakfast, but not in subjects who received caffeine at breakfast; the authors interpreted these
abstinence not biologically verified
results as suggesting that reversal of caffeine withdrawal is a major component of the effects of caffeine on mood and
performance
N=10 caffeine consumers (mean 355 mg/day) and 10 non-consumers; between groups design; before four sessions subjects After abstinence, caffeine consumers were less alert and more tense than non-consumers
f
abstained from caffeine for approximately 15 h; abstinence not biologically verified
N=22 caffeine consumers (mean 372 mg/day) and 20 non-consumers; between groups design; after overnight abstinence
After abstinence, caffeine consumers were less alert than non-consumers
subjects received either 100 mg caffeine or placebo in a flavored drink; abstinence not biologically verifiedf
N=45 caffeine consumers (mean 324 mg/day); within subjects and across groups design; for 2-weeks subjects abstained from Compared with the group that was chronically maintained on caffeine-free beverages, the group that was maintained on
their normal sources of caffeine and consumed tea and coffee provided by the experimenters; in one group the tea and coffee caffeine reported higher levels of headache after overnight abstinence; headache was alleviated after caffeine administration
were caffeinated and in the other group they were caffeine free; subjects abstained from tea and coffee overnight before each
of four test sessions conducted over the 2-week period; subjects reported mood before and after receiving a single serving of
either a caffeine beverage (caffeine maintained group) or caffeine-free beverage (caffeine-free group); abstinence was
biologically verified

35. Evans and Griffiths (1999) [Exp 3]

Withdrawal signs and symptomsb,c

Design

Reference
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Design

Withdrawal signs and symptomsb,c

Single-blind
43. Driesbach and Pfeiffer N=22 adults; within-subjects design; caffeine administered in capsules in increasing doses over 6–7 days to 650–780 mg/day; on the 7th Placebo substitution after caffeine resulted in lethargy in morning, cerebral fullness at noon, and headache in early afternoon, reaching
(1943)
or 8th day placebo was substituted for caffeine capsules; abstinence not biologically verified
peak intensity 3–6 h later; 82% of subjects reported definite to severe headache; in 33% of these subjects headache was accompanied
by nausea and sometimes vomiting and serious rhinorrhea; in 55% of trials headache was reported to be as severe as the subject had
ever experienced; headache was alleviated by re-administration of caffeine; other withdrawal symptoms were noted but not statistically
analyzed (i.e., mental depression, drowsiness, yawning, and disinclination to work); serum protein, serum calcium, and hematocrit
were significantly lower during headache and serum inorganic phosphorus was slightly higher
44. Höfer and Bättig
N=120 habitual coffee users (mean 5.7 cups/day); between groups design; after a 3-day baseline period, subjects received either 9 days In the intermittent group, compared with caffeine days, decaffeinated days produced increased nausea and indisposition; in the
(1994a)
of caffeinated instant coffee, 9 days of decaffeinated instant coffee or 9 days of intermittent caffeinated and decaffeinated instant
decaffeinated group, decaffeinated days compared with baseline produced increased headache, use of analgesics, indisposition, heart
coffee; abstinence was biologically verified
rate, and decreased wakefulness, well-being, day positive, motor activity, and problems falling asleep; in the decaffeinated group these
effects (except for heart rate) peaked on days 1 or 2 and progressively decreased toward pre-withdrawal levels; subjects in the
intermittent group showed most of these effects; 40–50% of subjects reported moderate headache in decaffeinated group and 20–30%
reported more severe headache
45. Höfer and Bättig
N=42 female habitual coffee drinkers (mean 6 cups/day); between groups design; after a 3-day phase of usual coffee consumption Caffeine withdrawal was defined as a statistical interaction between group and phase, with the decaffeinated coffee group showing
(1994b)
(baseline), subjects entered a second phase consisting of either 3 days of decaffeinated instant coffee or 3 days of caffeine tablets; increased headache, muscle/joint ache, sleep duration and decreased well-being, ratings of day positive, wakefulness, and motor
abstinence was biologically verified
activity; stomach/belly ache was increased in the caffeine tablet group and decreased in the decaffeinated coffee groupd; desire for
coffee was increased in the caffeine tablet group but not changed in the decaffeinated coffee group
46. Lane (1994)
N=14 habitual coffee drinkers (3.4 cups/day); within-subjects design; after overnight abstinence subjects were given water containing Compared with caffeine, placebo produced increased drowsy/sleepy, lethargy/fatigue/tired/sleepy, headache, self-confidence, and heavy
300 mg caffeine or placebo; abstinence not biologically verified
feelings in arms and legs, and decreased desire to socialize/talkativeness; 9 of 14 subjects reported more headache after placebo and no
subjects reported more headache after caffeine; placebo was associated with decreased levels of urinary epinephrine which were
interpreted by the author as an effect of caffeine rather than of caffeine withdrawal
47. Rubin and Smith
N=43 regular coffee or tea consumers (mean 175 mg/day); within-subjects design; after a 2-day baseline period of normal caffeine A significantly greater number of subjects reported headache during the decaffeinated period (40%) than during the baseline (14%) and
(1999)
consumption, subjects consumed caffeinated coffee (or tea) for 2 days and decaffeinated coffee (or tea) for 2 days in counterbalanced caffeinated period (19%); these differences were greater in individuals who correctly identified the presence or absence of caffeine
order; abstinence not biologically verified
(49% in decaffeinated period, 7% in baseline, 9% in caffeinated condition)
48. Field et al. (2003)
N=10 low caffeine consumers (mean 41 mg/day) and 10 high caffeine consumers (mean 648 mg/day); within subjects and across groups Compared with caffeine, placebo produced greater cerebral blood flow velocities in white matter, anterior gray matter, and posterior
design; before two sessions, subjects abstained from caffeine for 30 h; cerebral blood flow was assessed with perfusion magnetic
gray matter regions; high caffeine users showed a greater caffeine–placebo difference in the anterior gray matter than low users; across
resonance imaging 60–90 min after receiving capsules containing caffeine (250 mg) or placebo; abstinence not biologically verified all subjects, cerebral blood flow in the placebo condition increased linearly with daily caffeine intake
Non-blind
49. Naismith et al. (1970) N=20 caffeine consumers (560 mg/day); within-subjects design; after a 10-day baseline period, subjects switched to decaffeinated No statistical analyses were reported; all subjects reported lassitude and severe headache which resolved by 48 h
coffee and abstained from all other sources of caffeine for 14 days; abstinence not biologically verified
50. Roller (1981)
N=1 male habitual coffee user (900–1,100 mg/day); within-subjects design; abstained from caffeine for 72-h period; 24 h into this 72-h No statistical analyses were reported; headache started after about 6 h; shortly thereafter the subject reported tiredness or lassitude, then
period theophylline was administered; at the end of 72 h either caffeinated coffee (approx. 150 mg caffeine) or decaffeinated coffee rhinorrhea and leg muscle pains, followed by diaphoresis; after 16 h the subject reported general muscle pains; these symptoms
was ingested in a blinded fashion
gradually increased to a maximum intensity at a later time and were suppressed by caffeinated coffee consumption but not placebo
51. Edelstein et al. (1983) N=18 psychiatric patients who consumed three or more caffeinated beverages per day; within-subjects design; decaffeinated beverages No statistical analyses were reported; headache increased during the first 1–2 weeks after decaffeinated beverages were substituted for
were substituted for caffeinated beverages; abstinence not biologically verified
caffeinated beverages
52. Mathew and Wilson N=8 heavy (mean 986 mg/day) and 8 light (mean 126 mg/day) caffeine users; within-subjects design; after baseline assessment subjects Compared with cerebral blood flow measurements assessed after 2-h abstinence, 24-h abstinence produced increased cerebral blood
(1985)
abstained from caffeine for 24 h; abstinence not biologically verified
flow in several frontal regions bilaterally in heavy users but not light users
53. Rizzo et al. (1988)
N=20 daily caffeine users (mean 606 mg/day) and N=20 caffeine non-users; within-subjects design; two experimental sessions
Caffeine users had slower reaction times and smaller heart rate decelerations than non-users during caffeine abstinence (session 2) but
separated by 7 days; users abstained from caffeine for 2 days prior to the second session; abstinence not biologically verified
not at baseline (session 1)
54. Couturier et al. (1997) N=20 adults presumed to be daily caffeine users; within-subjects design; subjects were assessed at baseline, 24 h later after complete Subjects reported headache after abstinence with complete recovery after caffeine administration; compared with baseline cerebral
caffeine abstinence, and 30 min and 120 min after receiving capsules containing 150 mg caffeine; abstinence was biologically verified blood flow velocities (left middle cerebral, basilar, and both posterior cerebral arteries) increased after abstinence; compared with
abstinence cerebral blood flow velocities decreased after caffeine administration; 50% of subjects reported moderate to severe
headache; 10% reported nausea and vomiting
55. Lane (1997)
N=16 daily caffeine consumers (mean 612 mg/day); within-subjects design; subjects were assessed on two occasions: after usual
Compared with ad libitum caffeine consumption, caffeine abstinence increased headache, drowsy/sleepy, fatigue (POMS)e, lethargy/
caffeine consumption and after overnight abstinence (estimated 12–28 h abstinence); abstinence not biologically verified
fatigue/tired/sluggish, muzzy/foggy/not clearheaded, yawning, flu-like feelings, lightheaded/dizzy, heavy feeling in arms and legs, and
decreased vigor (POMS), well-being, desire to socialize/talkativeness, ability to concentrate, energy/active, content/satisfied, mean
arterial blood pressure; after abstinence 63% of subjects reported headache, 25% reported maximum ratings of headache, and 31%
reported flu-like symptoms

Reference

Table 2 Summary of single-blind and non-blind experimental studies of caffeine withdrawala
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Design

Withdrawal signs and symptomsb,c

N=183 female coffee consumers surveyed about the effects they would experience if morning coffee was omitted

N=135 mostly adult inpatients on psychiatric ward; survey of occurrence of caffeine-withdrawal symptoms
N=83 psychiatric inpatients; surveyed about the occurrence of headache on omission of morning coffee

58. Goldstein and
Kaizer (1969)

59. Winstead (1976)
60. Greden et al.
(1978)
61. Greden et al.
(1980)
62. Victor et al. (1981)
63. Hughes et al.
(1998)

Endorsement of symptoms increased as the number of cups of coffee consumed increased; among heavy coffee users (5–10 cups/day) the
percentages reporting specific symptoms were 58% feel half awake, 24% lethargic, 21% irritable, 18% sleepy, 16% unable to work
effectively, 15% restless, 8% headache
26% of heavy caffeine users (>500 mg/day) reported experiencing “anxiety withdrawal symptoms”
11% endorsed experiencing headache

Withdrawal signs and symptoms

N=205 medical inpatients; questioned about the occurrence of headache upon stopping caffeine

20% of total sample (or 28% of the sample of 152 after those who answered “don’t know” were excluded) reported caffeine-withdrawal
headache; those reporting headache had higher mean caffeine intake (616 mg/day) than those not reporting headache (395 mg/day)
N=124 general medical inpatients; survey of the occurrence of caffeine-withdrawal headache
24% of subjects endorsed having experienced caffeine-withdrawal headache
N=162 caffeine consumers; surveyed via telephone about caffeine abstinence and withdrawal symptoms
44% of caffeine consumers reported having abstained from caffeine for ≥24 h in the past year; of those, 24% reported headache, 27%
drowsiness, 21% fatigue, 10% anxiety, 4% depression, 3% nausea or vomiting, 28% strong desire to use, 20% irritability, 21% yawning,
11% difficulty concentrating, 18% less motivated to work
64. Dews et al. (1999) N=6,815 adults who reported daily caffeine use were asked if they had “problems or symptoms on stopping caffeine in the past”
11% reported withdrawal symptoms upon stopping caffeine; of those, 25% reported symptoms severe enough to interfere with normal
daily activities (e.g., lost time from work); headache was the most common symptom reported; it is unknown what percentage of daily
users had actually abstained from caffeine
65. Kendler and Pre- N=1,642 women in a population-based twin registry interviewed about their caffeine use; individuals who reported stopping or cutting 24% of subjects who reported stopping or cutting down their caffeine consumption reported having experienced headache plus one or
scott (1999)
down their caffeine consumption were asked about caffeine-withdrawal symptoms
more of the following: marked fatigue or drowsiness, marked anxiety or depression, and nausea or vomiting
66. Bernstein et al.
N=36 adolescent daily caffeine consumers (mean 244 mg/day) who endorsed two or more DSM-IV caffeine dependence criteria during Based on both interviews, 81% met the withdrawal criterion; 100% of subjects who met criteria for DSM-IV caffeine dependence reported
(2002); Oberstar et
telephone prescreening; interviewed and assessed for caffeine dependence based on DSM-IV substance dependence criteria; 21 of these withdrawal symptoms; the percentage of subjects reporting specific symptoms were 59% drowsy/tired, 56% fatigued, 56% sluggish/
al. (2002)
subjects were reassessed 1 year later
slowed down, 56% headache, 32% restless/cannot sit still, 29% nervous/anxious, 21% sick/nauseated/vomiting, 21% drink caffeine so
you do not feel bad, and 9% sad/depressed

Design

Reference

Table 3 Summary of survey studies of caffeine withdrawal

c

b

All studies had a caffeine abstinence period of 12 h or greater
All effects are statistically significant at P≤0.05 unless otherwise noted
For consistency, when placebo and caffeine conditions are compared, the effects are described as the effects of placebo relative to caffeine
d
Likely a direct effect of caffeine rather than an effect of caffeine withdrawal
e
POMS indicates Profile of mood states questionnaire

a

N=30 daily coffee consumers (mean 569 mg/day caffeine); within-subjects design; subjects were assessed on two occasions: after usual Compared with ad libitum caffeine consumption, caffeine abstinence increased headache, drowsy/sleepy, irritable/cross/grumpy; fatigue
caffeine consumption and after overnight abstinence (estimated 12–28 h abstinence); abstinence not biologically verified
(POMS), lethargy/fatigue/tired/sluggish, muzzy/foggy/not clearheaded, yawning, anger–hostility (POMS), confusion–bewilderment
(POMS), depression-dejection (POMS), and decreased vigor (POMS), well-being, desire to socialize/talkativeness, ability to
concentrate, energy/active, alert/attentive/observant; urge to do task/work-related activities; hot or cold spells, need to pass waterd; on a
visual vigilance task abstinence decreased hit-rate and increased response time, and abstinence increased subjects ratings of perceived
difficulty and decreased perceived importance of doing well and perceived success; after abstinence 47% reported any headache and
27% reported moderate or severe headache
57. Reeves et al. (1995, N=13 or 14 daily caffeine users (>300 mg/day); within-subjects design; subjects evaluated while consuming their normal caffeine diet Compared with baseline, significant quantitative EEG changes were: increase in theta absolute power, increase in delta absolute power
1997, 2002); Patrick et al. (baseline) and again after 1, 2, and 4 days of abstinence; evaluations included topographic quantitative EEG, physician ratings of
over the frontal cortical areas, decrease in the mean frequency of both alpha and beta rhythm, increase in theta relative power, decrease
(1996)
caffeine withdrawal severity as assessed during a structured interview, and a musculoskeletal examination of the spine; abstinence was in beta relative power, and change in interhemispheric coherence; resumption of caffeine following abstinence returned altered EEG
biologically verified
values to baseline levels; all subjects reported caffeine-withdrawal symptoms and 77% had moderate or severe withdrawal severity as
rated by a physician; compared with baseline, the number of somatic dysfunctions from the musculoskeletal examination was
significantly greater on days 1, 2, and 4 of caffeine abstinence; the greatest number of somatic dysfunctions was reported on day 2; six
subjects who had baseline EEGs containing diffuse paroxysmal slowing (DPS, a minor EEG dysrhythmia) showed significant
increases in DPS firing during withdrawal and a return to baseline firing levels following caffeine resumption

56. Lane and PhillipsBute (1998)

Reference
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Table 4 Summary of withdrawal symptoms reported in experimental and survey studies described in Tables 1, 2, 3a
Symptom

Acute abstinence
versus baselineb

Acute abstinence
versus caffeineb

Acute
abstinence
in caffeine
consumers
versus nonconsumersb

Headache

4, 9, 20, 44, 45, 47, 1, 2, 5, 6, 7, 8, 9, 10, 17
49, 50, 51, 54
11, 12,
13, 15, 16, 21, 23,
25, 27, 30,
33, 34, 35, 36, 43,
46, 47, 55, 56

Acute abstinence versus
chronic abstinenceb

Time-limited
Percentage of subjects showing effect in
abstinence effectsb experimental studiesc

Percentage of subjects reporting
symptom in survey studiesd

6, 8, 27, 42

4, 5, 7, 44, 49, 51 1: 25% of trials (heavy users) [control 3%]
4: 100% headache (control 14%)
6: 79% headachee*
7: 42% headache (control 10%)
9: 52% moderate or severe headache (control
2%)
11: 30% headache*

58: 8% headache
60: 11% headache
61: 20% headache
62: 24% headache
63: 24% headache

12: 64% maximum headache (control 0%)
15: 9% headache*

65: 24% headache plus additional
symptom
66: 56% headache

20: 45% diffuse throbbing headache
27: 47% headache (control 14%)
32: 28% headache (control 17%)
43: 82% definite to severe headache, 55% of
trials severe as ever experienced
44: 40–50% moderate headache, 20–30% more
severe headache
46: 64% headache (control 0%)
47: 40% headache (control 14%)
49: 100% headache
54: 50% moderate or severe headache

Tiredness/fatigue

4, 9, 20, 49, 50

2, 5, 6, 8, 9, 11, 12, 17
14, 15,
16, 17, 18, 19, 21,
23, 24,
25, 26, 28, 30,
33, 34, 35, 36, 43,
46, 55, 56

6, 8, 17, 26

2, 5, 6, 8, 9, 12, 15, 2
18, 19,
21, 22, 23, 24, 26,
28, 29, 31, 33, 34,
35, 37, 55, 56
2, 5, 6, 8, 15, 19, 21, 2, 40, 41
24, 25,
26, 27, 33,
34, 35, 36, 37, 39,
56
2, 6, 8, 9, 11, 14, 15, 2, 17
17, 19,
21, 23, 24, 28, 46,
55, 56

6, 26

4, 5, 17, 20, 49

55: 63% headache (control 6%), 25% maximum
headache (control 0%)
56: 47% headache, 27% moderate or severe
headache
6: 57% lethargy/fatiguee*
58: 24% lethargic
9: 8% abnormal high fatigue (control 0%)
63: 21% fatigue
11: 24% fatigue*
66: 56% fatigued
12: 27% extreme fatigue (control 9%)
15: 18% fatigued/tired*
20: 68% tired and lethargy
49: 100% lassitude

Decreased energy/ac- 4, 9
tiveness

Decreased alertness/
attentiveness

4, 20

Drowsiness/sleepiness

4, 9, 20, 44, 45

4, 5

6: 64% ↓ energy/activee*
9: 11% abnormal scores (control 0%)
12: 45% extreme ↓ in vigor (control 0%)
15: 27% ↓ stimulated/active/energy/excited*

6, 26

4, 5

6: 50% ↓ alert/attentivee*
15: 27% ↓ alert/attentive/able to concentrate*

6, 17, 26

4, 44

6: 64% drowsy–sleepye*
11: 24% drowsiness*
15: 45% drowsy/sleepy/tired*
22: 63% drowsiness/fatigue*

6, 26

5, 44

6: 64% ↓ well-beinge*, 50% ↓ content/
satisfiede*
15: 18% ↓ content/relaxed/satisfied*

6

5

6: 79% ↓ social dispositione*

58: 18% sleepy, 58% feel-half awake
63: 27% drowsiness
66: 59% drowsy/tired

23: 13% drowsiness*
Decreased contented- 9, 44, 45
ness/well-being

Decreased desire to
socialize

4, 9

“Flu-like” symptoms 9
Depressed mood

9

2, 5, 6, 9, 17, 18, 19, 2
21, 22,
23, 24, 25, 26, 55,
56
2, 5, 6, 9, 10, 14, 17,
22, 33,
34, 37, 46, 55, 56
5, 6, 9, 25, 30, 33,
34, 36, 55
5, 6, 9, 12, 14, 15, 17
17, 56

15: 9% ↓ talkative*
6

5

55: 31% flu-like symptoms (control 0%)

6, 17, 26

5

6: 14% depressede
9: 11% abnormal scores BDI (control 2%)
12: 36% elevations on BDI (control 0%)
15: 18% depressed*

63: 4% depression
66: 9% sad/depressed

10
Table 4 (continued)
Symptom

Acute abstinence
versus baselineb

Acute abstinence
versus caffeineb

Acute
abstinence
in caffeine
consumers
versus nonconsumersb

Acute abstinence versus
chronic abstinenceb

Time-limited
Percentage of subjects showing effect in
abstinence effectsb experimental studiesc

6, 26

5

6: 79% ↓ able to concentratee*

63: 11% difficulty concentrating

6, 26

5

6: 29% irritable/cross/grumpye*
15: 9% irritable/frustrated/angry/cross*
6: 57% ↓ motivation for worke*

58: 21% irritable
63: 20% irritability
58: 16% unable to work effectively

6: 64% ↓ urge to do worke*

63: 18% ↓ motivated to work

Difficulty concentrat- 20
ing
Irritability
9

5, 6, 19, 26, 37, 55,
56
2, 5, 6, 9, 19, 22, 56 2

Unmotivated for
work

9

5, 6, 9, 21, 22, 23,
24, 56

Muzzy/foggy/not
clearheaded
Yawning

9, 20

6, 9, 17, 18, 55, 56

9

6, 9, 19, 21, 28, 55,
56
5, 6, 9, 21, 23, 24, 46

6

6, 9, 22, 26, 34, 56

26

6, 9, 26, 34, 35, 36

26

Decreased self-confi- 9
dence
Confusion–bewilder- 9
ment
Total mood distur9
bance
Nausea/vomiting/
upset stomach

5
17

6

6: 71% muzzye*

6

6: 43% yawninge*
5

22, 23, 24, 38, 43, 44

Percentage of subjects reporting
symptom in survey studiesd

63: 21% yawning

6: 64% ↓ self-confidencee*

6: 29% upset stomache*

63: 3% nausea or vomiting

20: 13% nausea and sickness with headache

66: 21% sick/nauseated/vomiting

43: 33% nausea (sometimes vomiting) along
with headache
54: 10% nausea and vomiting
Muscle pain/stiffness 45, 50

5, 6

Anxiety/nervousness 9

9, 22

Heavy feelings in
9
arms and legs
Increased sleep dura- 20, 44, 45
tion/quality
Analgesics use
44

9, 37, 46, 55

9, 12

Craving

5, 6

Lightheaded/dizzy

6, 38, 55

6

5

2, 40

6: 43% muscle paine*
9: 8% abnormal scores anxiety (control 0%)

59: 26% anxiety withdrawal
symptoms
63: 10% anxiety
66: 29% nervous/anxious

27
44

9: 13% analgesics use (control 2%)

5

6: 43% craving for caffeine*

12: 45% analgesics use

Blurred vision

9

6, 9

9

9, 56

Anger/hostility
Hot and cold spells

17, 56

6
6
17

63: 28% strong desire to use

6: 14% blurred visione*

17

a

Numbers in table refer to the entry number in Tables 1, 2, 3
The strengths and weaknesses of each of the types of comparisons presented in columns 2–6 are described in the text. Studies in columns
4–6 are more rigorous because the effects are not confounded by the direct effects of caffeine
c
This column (column 7) shows the percentage of subjects reporting the symptom in experimental studies (as summarized in columns 2–6).
For comparison, when available, the percentage of subjects reporting the symptom in the control condition (i.e., baseline or caffeine
condition) is shown in brackets. For studies that conducted within-subject analyses of differences between the abstinence and control
conditions, an asterisk (*) indicates the percentage of subjects who showed a statistically significant difference at P<0.05
d
Percentage of subjects reporting symptom in survey studies: this column shows the percentage of individuals reporting the occurrence of a
symptom presumably based on their previous experience in the natural environment
e
Incidence data for this study were collapsed across two conditions: acute abstinence versus caffeine and acute abstinence versus chronic
abstinence
b

data on the independence of specific caffeine-withdrawal
symptoms (e.g., factor analysis), the listing provides a
useful framework for characterizing the results of caffeinewithdrawal studies. In Table 4, symptoms are sequenced
from those documented (i.e., shown in columns 2–6) in the
greatest number of experimental studies to those documented in the fewest. Table 4 also differentiates experiments according to five of the most frequently used

experimental methodologies that have been used to draw
inferences about caffeine-withdrawal symptoms and signs.
Finally, Table 4 shows the percentages of individuals
reporting withdrawal symptoms in both experimental and
survey studies.
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Experimental methodologies
Several different experimental methodologies have been
used to draw inferences about the occurrence of caffeine
withdrawal. As understanding the strengths and weaknesses of each of these methodologies is critical to
drawing meaningful conclusions about the validity of the
findings, this section will briefly list and critique the most
commonly used experimental methodologies. The first
five experimental methodologies (corresponding to columns 2–6 in Table 4) involve different comparisons with
acute caffeine abstinence.
Acute abstinence versus preceding caffeine baseline
(not counterbalanced)
In this within-subjects comparison, symptoms or signs
during acute caffeine abstinence are compared with those
during a preceding baseline of ad libitum caffeine
consumption. This comparison may have good ecological
validity because it can involve a naturally occurring
pattern of caffeine consumption followed by abrupt
abstinence. A limitation of this comparison is that baseline
versus abstinence differences may be due to the simple
absence of the direct effects of caffeine during abstinence
(i.e., a caffeine offset effect rather than a time-limited
withdrawal effect). Another limitation is that observed
differences could be confounded by order effects (i.e.,
conditions are not counterbalanced).

non-consumers cannot be ruled out because of the selfselected nature of these groups.
Acute abstinence versus chronic abstinence
In this comparison, which could be within subjects or
across groups, symptoms or signs during acute abstinence
are compared with those during chronic abstinence (e.g.,
1 week or more of caffeine abstinence). As both conditions
involve caffeine abstinence, it can be concluded that any
difference observed is not confounded by the direct effects
of caffeine. Although this comparison provides more
conclusive evidence of withdrawal effects than the
preceding comparisons, the approach is conservative
because it may underestimate the incidence or magnitude
of withdrawal effects if symptoms or signs persist in the
chronic abstinence condition.
Time-limited abstinence effects
By definition, a drug withdrawal symptom or sign should
increase upon acute abstinence and then decrease over
time with continued drug abstinence. A demonstration of
such time-limited effects is not confounded by the direct
effects of caffeine and is important for confirming that the
effects observed are withdrawal related rather than
reflecting caffeine offset effects (i.e., a return to the
normal drug-free state).

Acute abstinence versus caffeine

Other methodologies

In this comparison, which could involve within subjects or
across groups designs, symptoms or signs during acute
abstinence are compared with those during caffeine
consumption, with conditions counterbalanced or randomized across subjects. As with the comparison with a
preceding baseline caffeine condition, this comparison
may have good ecological validity in modeling naturally
occurring effects of caffeine abstinence. Although not
confounded by order effects, this comparison has the
limitation that caffeine versus abstinence differences may
be due to the simple absence of the direct effects of
caffeine during abstinence.

In addition to the five approaches described above, several
other types of experimental methodologies can help to
inform the interpretation of caffeine-withdrawal effects.
Although not included in Table 4, studies using these other
methodologies are discussed in the following section on
symptoms and signs of caffeine withdrawal.

Acute abstinence in caffeine consumers versus nonconsumers
In this between-groups comparison, symptoms or signs
during acute abstinence in caffeine consumers are
compared with those in non-consumers. As both groups
are caffeine abstinent, it can be concluded that any
difference observed is not confounded by the direct effects
of caffeine. However, the possible confounding effects of
population differences between caffeine consumers and

Variation in caffeine maintenance dose Demonstration that
the severity or incidence of a symptom or sign increases
with increases in the daily caffeine maintenance dose
before abstinence helps to confirm that the withdrawal
effect reflects a pharmacological process.
Acute decreases in caffeine maintenance dose When lower
caffeine doses are substituted for the usual caffeine
maintenance dose, the demonstration that the severity or
incidence of a symptom or sign increases as the substituted
dose decreases helps to confirm that the withdrawal effect
reflects a pharmacological process.
Manipulation of duration of caffeine maintenance Demonstration that the severity or incidence of a symptom or
sign increases with increases in the duration of daily
caffeine maintenance dose before abstinence helps to
confirm that the withdrawal effect reflects a pharmacolo-
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gical process.
Re-administration of caffeine reverses abstinence effects
After a period of abstinence during which the severity or
incidence of a symptom or sign develops, the demonstration that re-administration of caffeine rapidly and dose
dependently reverses the abstinence effects helps to
confirm that the withdrawal effect reflects a pharmacological process.

Symptoms and signs of caffeine withdrawal
Symptoms of caffeine withdrawal
In this section, the withdrawal symptoms (i.e., categories
of self-reported changes in mood or behavior) that were
assessed in the studies listed in Tables 1, 2, and 3, and
summarized in Table 4, are individually discussed and
evaluated. For some symptoms, relevant case reports are
also discussed if they contribute to the evaluation. As in
Table 4, the symptoms are sequenced from those that were
documented in the greatest number of studies to those that
were documented in the fewest number.
Of relevance to the assessment of each symptom is
information about the “hit-rate” (i.e., the ratio of the
number of times a symptom was found to be significant
relative to the number of times it was assessed). For this
analysis, the number of studies in which each symptom
was documented was taken from the 57 experimental
studies described in Tables 1 and 2 (and summarized in
columns 2–6 of Table 4). The number of studies in which
each symptom was assessed was obtained from an
evaluation of the same 57 experimental studies. In several
studies (Comer et al. 1997; Schuh and Griffiths 1997;
Garrett and Griffiths 1998; Jones et al. 2000) all of the
symptoms assessed could not be determined from the
published article, and this information was obtained from
the authors. [Methodological note: in the rare instance in
which a study used a compound symptom descriptor (e.g.,
alert/attentive/observant/able to concentrate) that could
potentially apply to two symptom categories (e.g., alert/
attentiveness and difficulty concentrating), the data were
counted in the single category that it best represented (e.g.,
alert/attentiveness was counted as assessed and difficulty
concentrating was coded as not assessed).]
In interpreting the hit-rate, it should be noted that most
of the statistically significant effects reported are based on
group mean data. Thus, a high hit-rate indicates that the
abstinence condition is readily differentiated from the
comparison condition and usually reflects an intermediate
to high incidence of the symptom. A low hit-rate indicates
that the abstinence condition is not readily differentiated
from the comparison condition. However, it is important to
recognize that a low hit-rate does not mean that a symptom
is not valid because such a symptom may have a low
incidence and thus be undetected in a group statistical
analysis. Furthermore, a symptom with a low hit-rate may
also be clinically important to the extent that it may have

profound effects in a small percentage of the population
(e.g., psychotic symptoms in the general population).
Finally, a failure to detect a particular effect may reflect
methodological shortcomings of a study (e.g., insufficient
period of abstinence, small sample size, insensitive
measures).
Validity criteria For purposes of this review, the criteria for
concluding that a symptom is valid was the statistical
demonstration of the symptom in six or more studies that
include two or more double-blind studies that used
methodologies in which the conclusion of caffeine-withdrawal effects was not confounded by the direct effects of
caffeine (i.e., Table 4, columns 4–6). As a conservative
approach, two studies that used the same group of subjects
(i.e., studies 5 and 6 in Table 4) were considered to be a
single study for purposes of judging validity.
Headache (descriptors: headache and headachy) Headache has been the most frequently assessed symptom (48
experimental studies and 6 survey studies). Headache was
found in 37 of 48 (77%) of the experimental studies in
which it was assessed. The median percentage of
individuals reporting headache in 19 experimental studies
was 47%, ranging from 9% to 100% across studies
(Table 4). Of the 7 experimental studies that assessed
headache severity, the median percentage of subjects
reporting moderate to severe or maximum headache was
50%. In 7 survey studies, the median percentage of
caffeine users reporting caffeine-withdrawal headache was
24%, ranging from 8% to 56%.
Headache as a caffeine-withdrawal symptom has been
demonstrated in studies comparing acute caffeine abstinence with a preceding baseline condition, a caffeine
administration condition, and a chronic caffeine abstinence
condition (Table 4) and by comparing acute caffeine
abstinence in caffeine consumers with non-consumers
(Table 4). Studies have also shown that abstinenceinduced headache is time-limited (Table 4) and is rapidly
(usually within 30–60 min) and often completely reversed
after re-administration of caffeine (Driesbach and Pfeiffer
1943; Goldstein et al. 1969; Roller 1981; Couturier et al.
1997; Tinley et al. 2003), with the magnitude of reversal
being an increasing function of the re-administered
caffeine dose (Goldstein et al. 1969). Studies have also
shown that the severity and incidence of headache after
abstinence were increasing functions of caffeine maintenance dose (Goldstein 1964; Silverman et al. 1992; Evans
and Griffiths 1999) and duration of caffeine dosing (Evans
and Griffiths 1999) before abstinence. Finally, when
different caffeine doses were substituted for the usual
maintenance dose, the severity and incidence of headache
increased as the substituted dose decreased (Evans and
Griffiths 1999). Caffeine-withdrawal headache has been
characterized in these experimental studies as well as in
case reports as being gradual in development (Driesbach
and Pfeiffer 1943; Greden et al. 1980; Roller 1981;
Griffiths et al. 1990), diffuse (Driesbach and Pfeiffer 1943;
Greden 1974; Greden et al. 1980; Lader et al. 1996),
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throbbing (Driesbach and Pfeiffer 1943; Greden 1974;
Greden et al. 1980; Lader et al. 1996), severe (Griffiths
and Woodson 1988; cf. Table 4), intensified with exercise
and Valsalva maneuver (Driesbach and Pfeiffer 1943), and
phenomenologically distinct from migraine headache
(Driesbach and Pfeiffer 1943).
Clinical reports, correlational analysis, and cluster
analysis of withdrawal symptoms have indicated that
non-headache symptoms and signs of caffeine withdrawal
do not always co-vary with the presence of headache and
can occur in the absence of headache (Griffiths and
Woodson 1988; Griffiths et al. 1990; Lader et al. 1996;
Garrett and Griffiths 1998; Evans and Griffiths 1999). This
indicates that non-headache symptoms represent distinct
features of the caffeine-withdrawal syndrome that can
occur independently of headache.
In summary, headache has been very frequently studied,
has an intermediate incidence, and has been demonstrated
under a wide range of different methodological conditions.
It is concluded that headache is a valid withdrawal
symptom.

providing incidence data (Table 4), the median percentage
of individuals showing decreased energy/activeness was
36%. Decreased energy/activeness has been demonstrated
in studies comparing acute caffeine abstinence with a
preceding baseline condition, a caffeine administration
condition, and a chronic caffeine abstinence condition
(Table 4), and by comparing acute caffeine abstinence in
caffeine consumers with that in non-consumers (Table 4).
Studies have have also shown that abstinence-induced
decreased energy/activeness is time limited (Table 4) and
is rapidly (i.e., within 30–60 min) and completely reversed
after re-administration of caffeine (Goldstein et al. 1969).
Studies have also shown that the severity of decreased
energy/activeness is an increasing function of the caffeine
maintenance dose before abstinence (Rogers et al. 1995;
Evans and Griffiths 1999).
In summary, decreased energy/activeness has been very
frequently studied, has an intermediate incidence, and has
been demonstrated under a wide range of methodological
conditions. It is concluded that decreased energy/activeness is a valid withdrawal symptom.

Tiredness/fatigue (descriptors: tiredness, tired, fatigue,
lazy, sluggish, lazy/sluggish/slow-moving, lethargic, lethargy/fatigue/tired/sleepy, sluggish/slowed down, worn-out,
and lassitude) Tiredness/fatigue was demonstrated in 32 of
38 studies (84%). In 7 experimental studies providing
incidence data (Table 4), the median percentage of
individuals showing tiredness/fatigue was 27%. In 3
survey studies, the percentage of subjects reporting
tiredness/fatigue ranged between 21% and 56%. Tiredness/fatigue has been demonstrated in studies comparing
acute caffeine abstinence with a preceding baseline
condition, a caffeine administration condition, and a
chronic caffeine abstinence condition (Table 4), and by
comparing acute caffeine abstinence in caffeine consumers
with that in non-consumers (Table 4). Studies have also
shown that abstinence-induced tiredness/fatigue is time
limited (Table 4), completely reversed after re-administration of caffeine (Roller 1981), and an increasing function
of the duration of caffeine maintenance before abstinence
(Evans and Griffiths 1999). Furthermore, when different
caffeine doses are substituted for the usual maintenance
dose, the magnitude of tiredness/fatigue increases as the
substituted dose decreases (Evans and Griffiths 1999).
Severity of tiredness/fatigue also appears to increase at
higher daily caffeine maintenance doses (Rogers et al.
1995).
In summary, tiredness/fatigue has been very frequently
studied, has a low to moderate incidence, and has been
demonstrated under a wide range of methodological
conditions. It is concluded that tiredness/fatigue is a
valid withdrawal symptom.

Decreased alertness/attentiveness (descriptors: decreased
alertness, alert/attentive/observant, alert/attentive/able to
concentrate, and activity/alertness) Decreased alertness/
attentiveness was demonstrated in 22 of 31 experimental
studies (71%). Two experimental studies reported incidence data of 27% and 50% (Table 4). Decreased
alertness/attentiveness has been demonstrated in studies
comparing acute caffeine abstinence with a preceding
baseline condition, a caffeine administration condition,
and a chronic caffeine abstinence condition (Table 4), and
by comparing acute caffeine abstinence in caffeine
consumers with that in non-consumers (Table 4). Studies
have also shown that abstinence-induced decreased
alertness/attentiveness is time limited (Table 4) and is
rapidly (i.e., within 30–60 min) and completely reversed
after re-administration of caffeine (Goldstein et al. 1969),
with the magnitude of reversal being an increasing
function of the re-administered caffeine dose (Goldstein
et al. 1969). In addition, deficits in alertness/attentiveness
are an increasing function of caffeine maintenance dose
before abstinence (Rogers et al. 1995; Evans and Griffiths
1999). Finally, when different caffeine doses are substituted for the usual maintenance dose, the magnitude of
alertness/attentiveness decreases as the substituted dose
decreases (Evans and Griffiths 1999).
In summary, decreased alertness/attentiveness has been
very frequently studied, may have an intermediate
incidence, and has been demonstrated under a wide
range of methodological conditions. It is concluded that
decreased alertness/attentiveness is a valid withdrawal
symptom.

Decreased energy/activeness (descriptors: decreased energy, energetic, active, stimulated/active/energetic/excited,
vigor, lively, stronger/more vigorous/more energy) Decreased energy/activeness was demonstrated in 24 of 32
experimental studies (75%). In 4 experimental studies

Drowsiness/sleepiness (descriptors: drowsiness, sleepy,
drowsy/sleepy/tired, sedated, feel half awake, and decreased wakefulness) Drowsiness/sleepiness was demonstrated in 21 of 27 experimental studies (78%). Across 5
experimental studies providing incidence data (Table 4),
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the median percentage of individuals showing drowsiness/
sleepiness was 45%. In 3 survey studies, the percentage of
subjects reporting tiredness/fatigue ranged between 18%
and 59%. Drowsiness/sleepiness has been demonstrated in
studies comparing acute caffeine abstinence with a
preceding baseline condition, a caffeine administration
condition, and a chronic caffeine abstinence condition
(Table 4), and by comparing acute caffeine abstinence in
caffeine consumers with that in non-consumers (Table 4).
Studies have also shown that abstinence-induced drowsiness/sleepiness is time limited (Table 4) and is rapidly (i.e.,
within 30–60 min) and completely reversed after readministration of caffeine (Goldstein et al. 1969), with the
magnitude of reversal being an increasing function of the
re-administered caffeine dose (Goldstein et al. 1969).
Severity is positively correlated with daily caffeine dose
before abstinence (Silverman et al. 1992).
In summary, drowsiness/sleepiness has been very
frequently studied, has an intermediate incidence, and
has been demonstrated under a wide range of methodological conditions. It is concluded that drowsiness/
sleepiness is a valid withdrawal symptom.
Decreased contentedness/well-being (descriptors: decreased contentedness, content/satisfied, well-being, day
positive, cheerful, happy, and increased miserable)
Decreased contentedness/well-being was demonstrated in
17 of 28 experimental studies (61%). In 2 experimental
studies, 18% and 64% of participants showed decreases in
measures of contentedness/well-being (Table 4). Decreased contentedness/well-being has been demonstrated
in studies comparing acute caffeine abstinence with a
preceding baseline condition, a caffeine administration
condition, and a chronic caffeine abstinence condition
(Table 4), and by comparing acute caffeine abstinence in
caffeine consumers with that in non-consumers (Table 4).
Studies have also shown that abstinence-induced decreased contentedness/well-being is time limited (Table 4)
and is rapidly (i.e., within 30–60 min) and completely
reversed after re-administration of caffeine (Goldstein et
al. 1969), with the magnitude of reversal being an
increasing function of the re-administered caffeine dose
(Goldstein et al. 1969). Severity also appears to increase
with higher daily maintenance caffeine doses before
abstinence (Rogers et al. 1995).
In summary, decreased contentedness/well-being has
been very frequently studied, may have an intermediate
incidence, and has been demonstrated under a wide range
of methodological conditions. It is concluded that
decreased contentedness/well-being is a valid withdrawal
symptom.
Decreased desire to socialize (descriptors: decreased
desire to socialize, talkativeness, social disposition, and
friendliness) Decreased desire to socialize was demonstrated in 15 of 28 experimental studies (54%). One
experimental study reported incidence data of 79% for
decreased social disposition and a second study reported
9% for decreased talkativeness (Table 4). Decreased desire

to socialize has been demonstrated in studies comparing
acute caffeine abstinence with a preceding baseline
condition, a caffeine administration condition, and a
chronic caffeine abstinence condition (Table 4). Studies
have also shown that abstinence-induced decreased desire
to socialize is time limited (Table 4) and that the
magnitude is an increasing function of caffeine maintenance dose before abstinence (Evans and Griffiths 1999).
In summary, decreased desire to socialize has been very
frequently studied with varied incidence. Although it has
been demonstrated under several different methodological
conditions, it does not presently fulfill the criteria for
validity.
Flu-like symptoms (descriptors: “flu-like symptoms” and
“flu-like feelings”) An increase in this category was
demonstrated in 9 of 17 (53%) experimental studies. One
experimental study reported incidence data of 31% for flulike symptoms (Table 4). Flu-like symptoms as a symptom
category have been demonstrated in studies comparing
acute caffeine abstinence with a preceding baseline
condition, a caffeine administration condition, and a
chronic caffeine abstinence condition (Table 4). Studies
have also shown that abstinence-induced flu-like symptoms are time-limited (Table 4) and that the severity of flulike symptoms is an increasing function of caffeine
maintenance dose before abstinence (Lane and PhillipsBute 1998; Evans and Griffiths 1999).
In summary, the flu-like symptoms category has been
frequently studied, appears to have an intermediate
incidence, and has been demonstrated under several
methodological conditions. In addition to the foregoing
studies, one study (Swerdlow et al. 2000) showed
caffeine-abstinence-induced increases in a composite
scale that included flu-like symptoms (i.e., feel sick,
queasy, dizzy, and perspiring). It seems plausible that
endorsement of flu-like symptoms is related to a
constellation of somatic symptoms that include nausea/
vomiting, muscle pain/stiffness, and heavy feelings in
arms and legs (these individual symptoms are discussed
below). Although most of the experimental studies
demonstrating statistical increases in flu-like symptoms
have involved comparisons of caffeine abstinence to a
caffeine administration condition, the category appears to
reflect a genuine withdrawal effect because endorsement
of flu-like symptoms is time limited (Griffiths et al. 1990)
and it is implausible that such placebo versus caffeine
differences represent a direct effect of caffeine in
suppressing naturally occurring flu-like symptoms. Thus,
even though the flu-like symptoms category fails to meet
our a priori criteria for validity, the category appears to be
a valid caffeine-withdrawal effect. Furthermore, the flulike symptoms category may be clinically important
because it may reflect significant distress.
Depressed
depressed,
Inventory)
strated in

mood (descriptors: depression, dejection, sad/
and elevated scores on the Beck Depression
Symptoms of depressed mood were demon9 of 29 experimental studies (31%). In 4
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experimental studies providing incidence data, the median
percentage of individuals reporting depressed mood was
16% (range 11–36%; Table 4). In 2 survey studies, the
percentage of subjects reporting depression was 4% and
9%. Depressed mood has been demonstrated in studies
comparing acute caffeine abstinence with a preceding
baseline condition, a caffeine administration condition,
and a chronic caffeine abstinence condition (Table 4), and
by comparing acute caffeine abstinence in caffeine
consumers with that in non-consumers (Table 4). Studies
also showed that abstinence-induced depressed mood is
time limited (Table 4).
In summary, depressed mood has been very frequently
studied, has a low to moderate incidence, and has been
demonstrated under a wide range of methodological
conditions. It is concluded that depressed mood is a
valid withdrawal symptom.
Difficulty concentrating (descriptors: difficulty concentrating, decreased concentration, and decreased ability to
concentrate) Difficulty concentrating was demonstrated in
8 of 12 experimental studies (67%). One experimental
study reported incidence data of 79% and one survey
study found that 11% of respondents reported difficulty
concentrating (Table 4). Difficulty concentrating has been
demonstrated in studies comparing acute caffeine abstinence with a preceding baseline condition, a caffeine
administration condition, and a chronic caffeine abstinence
condition (Table 4). Studies have also shown that abstinence-induced difficulty concentrating is time limited
(Table 4), and the severity is positively correlated with
daily caffeine dose before abstinence (Lane 1997).
In summary, difficulty concentrating has been moderately frequently studied, may have a high incidence, and
has been demonstrated under a wide range of methodological conditions. It is concluded that difficulty concentrating is a valid withdrawal symptom.
Irritability (descriptors: irritability, irritable/cross/grumpy, and irritable/frustrated/angry/cross) Irritability was
demonstrated in 8 of 23 experimental studies (35%). Two
experimental studies reported incidence data of 29% and
9% (Table 4). In 2 survey studies, the percentage of
subjects reporting irritability during caffeine abstinence
was 21% and 20%. Irritability has been demonstrated in
studies comparing acute caffeine abstinence with a
preceding baseline condition, a caffeine administration
condition, and a chronic caffeine abstinence condition
(Table 4), and by comparing acute caffeine abstinence in
caffeine consumers with that in non-consumers (Table 4).
Studies have also shown that abstinence-induced irritability is time limited (Table 4) and is rapidly (i.e., within
60 min) and completely reversed after re-administration of
caffeine (Goldstein et al. 1969), with the magnitude of
reversal being an increasing function of the re-administered caffeine dose (Goldstein et al. 1969).
In summary, irritability has been very frequently
studied, has a low to moderate incidence, and has been
demonstrated under a wide range of methodological

conditions. It is concluded that irritability is a valid
withdrawal symptom.
Unmotivated for work (descriptors: decreased motivation
for work, urge to do tasks/work-related activities, and
increased unmotivated) Being unmotivated for work was
demonstrated in 8 of 16 experimental studies (50%). One
experimental study reported incidence data of 57% for
decreased motivation for work and 64% for decreased urge
to do work (Table 4). In 2 survey studies, the percentage of
subjects reporting being unmotivated for work was 16%
and 18%. Unmotivated for work has been demonstrated in
studies comparing acute caffeine abstinence with a
preceding baseline condition and with a caffeine administration condition (Table 4). Studies have also shown that
abstinence-induced “unmotivated for work” is time limited
(Table 4), and the severity is positively correlated with
daily caffeine dose before abstinence (Lane 1997).
In summary, unmotivated for work has been frequently
studied, has an intermediate incidence, and has been
demonstrated under several methodological conditions. It
has also been described anecdotally (Driesbach and
Pfeiffer 1943). Although the data are suggestive, further
research is needed to determine the validity of being
unmotivated for work as a withdrawal symptom.
Muzzy/foggy/not clearheaded (descriptors: muzzy/foggy/
not clearheaded, muzziness, muddled, and decreased
clearheaded) Muzzy/foggy/not clearheaded was demonstrated in 7 of 18 experimental studies (39%). One
experimental study reported incidence data of 71%
(Table 4). Muzzy/foggy/not clearheaded has been demonstrated in studies comparing acute caffeine abstinence with
a preceding baseline condition, a caffeine administration
condition, and a chronic caffeine abstinence condition
(Table 4), and by comparing acute caffeine abstinence in
caffeine consumers with that in non-consumers (Table 4).
Studies have also shown that abstinence-induced muzzy/
foggy/not clearheaded is time limited (Table 4), and the
severity is positively correlated with daily caffeine dose
before abstinence (Lane 1997).
In summary, muzzy/foggy/not clearheaded has been
frequently studied, may have a high incidence, and has
been demonstrated under a wide range of methodological
conditions. It is concluded that muzzy/foggy/not clearheaded is a valid withdrawal symptom.
Yawning (no other descriptors) Self-reported yawning was
demonstrated in 7 of 12 experimental studies (58%). One
experimental study reported incidence data of 43% and
one survey study found that 21% of respondents reported
yawning (Table 4). Yawning has been demonstrated in
studies comparing acute caffeine abstinence with a
preceding baseline condition, a caffeine administration
condition, and a chronic caffeine abstinence condition
(Table 4). Studies have also shown that abstinenceinduced yawning is time limited (Table 4), and the
severity is positively correlated with daily caffeine dose
before abstinence (Silverman et al. 1992).
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In summary, yawning has been moderately frequently
studied, may have an intermediate incidence, and has been
demonstrated under several methodological conditions.
Although the data are suggestive, further research is
needed to determine the validity of yawning as a
withdrawal symptom.
Decreased self-confidence (descriptors: decreased selfconfidence and confident) Decreased self-confidence was
found in 7 of 17 experimental studies (41%). One
experimental study reported incidence data of 64%
(Table 4). Decreased self-confidence has been demonstrated in studies comparing acute caffeine abstinence with a
preceding baseline condition, a caffeine administration
condition, and a chronic caffeine abstinence condition
(Table 4). Studies have also shown that abstinenceinduced decreased self-confidence is time limited
(Table 4).
In summary, decreased self-confidence has been
frequently studied and may have an intermediate incidence. Although it has been demonstrated under a several
different methodological conditions, it does not presently
fulfill criteria for validity.
Confusion–bewilderment [POMS] (no other descriptors)
Confusion/bewilderment was found in 6 of 21 experimental studies (29%). Confusion–bewilderment has been
demonstrated in studies comparing acute caffeine abstinence with a preceding baseline condition, a caffeine
administration condition, and a chronic caffeine abstinence
condition (Table 4). Studies have also shown that abstinence-induced confusion–bewilderment is time limited
(Table 4).
In summary, confusion–bewilderment has been very
frequently studied and has been demonstrated under
several methodological conditions. Although the data are
suggestive, it does not presently fulfill criteria for validity.
Total mood disturbance [POMS] (no other descriptors)
Total mood disturbance has been shown in 6 of 12
experimental studies (50%). Total mood disturbance has
been demonstrated in studies comparing acute caffeine
abstinence with a preceding baseline condition, a caffeine
administration condition, and a chronic caffeine abstinence
condition (Table 4). Studies have also shown that the
severity of total mood disturbance is an increasing
function of caffeine maintenance dose before abstinence
(Evans and Griffiths 1999).
In summary, total mood disturbance has been moderately frequently studied and has been demonstrated under
several methodological conditions. Although the data are
suggestive, further research is needed to determine
validity.
Nausea/vomiting (descriptors: nausea/vomiting, nausea
and sickness, sick/nauseated/vomiting, vomiting, queasy,
and upset stomach) Nausea/vomiting has been demonstrated in 6 of 24 experimental studies (25%). In 4
experimental studies providing incidence data (Table 4),

the median percentage of individuals reporting nausea/
vomiting was 21% (range 10–33%). In 2 survey studies,
the percentage of subjects reporting nausea/vomiting
during caffeine abstinence was 3% and 21%. Nausea/
vomiting has been demonstrated in studies comparing
acute caffeine abstinence with a caffeine administration
condition (Table 4).
In summary, nausea/vomiting has been very frequently
studied and has a low to moderate incidence. Although in
experimental studies nausea/vomiting has only been
demonstrated statistically by comparing caffeine abstinence with a caffeine administration condition, it appears
to be a genuine withdrawal symptom because it is
implausible that such placebo versus caffeine differences
represent a direct effect of caffeine in suppressing
naturally occurring nausea/vomiting. Instances of withdrawal-induced nausea/vomiting have been reported in
case reports (Rainey 1985; Cacciatore et al. 1996),
experimental studies (Griffiths et al. 1990; Silverman et
al. 1992; Strain et al. 1994), and survey studies (Hughes et
al. 1998; Oberstar et al. 2002). Thus, even though nausea/
vomiting fails to meet our a priori criterion for validity
based on experimental studies alone, nausea/vomiting
appears to be a valid caffeine-withdrawal symptom.
Furthermore, it may be a clinically important symptom
because it is likely to reflect significant distress. It seems
plausible that this symptom is related to a constellation of
symptoms that include other somatic complaints and
endorsement of flu-like symptoms.
Muscle pain/stiffness (descriptors: muscle pain/stiffness,
muscle joint ache, general muscle pains, and leg muscle
pains) Muscle pain/stiffness has been demonstrated in 4 of
15 experimental studies (27%). The incidence of muscle
pain/stiffness was 43% in one study (Table 4). Muscle
pain/stiffness has been demonstrated in studies comparing
acute caffeine abstinence with a preceding baseline
condition, a caffeine administration condition, and a
chronic caffeine abstinence condition (Table 4). One
study also showed that abstinence-induced muscle pain/
stiffness is time limited (Table 4).
In summary, muscle pain/stiffness has been studied
frequently, may have an intermediate incidence, and has
been demonstrated under a range of methodological
conditions. The symptom of muscle pain/stiffness has
been described in case reports (Cobbs 1982; Stringer and
Watson 1987) and is consistent with one report, which
involved a musculoskeletal examination during caffeine
abstinence (Reeves et al. 1997). Although additional
studies are needed to fulfill our a priori validity criteria, the
conclusion that muscle pain/stiffness represents a true
withdrawal symptom unconfounded by the direct effects
of caffeine seems reasonable because it is improbable that
caffeine suppresses naturally occurring muscle pain/
stiffness.
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Anxiety/nervousness (descriptors: anxiety, anxious, nervous, tense, and elevated scores on the State-Trait Anxiety
Inventory) Increased anxiety/nervousness has been demonstrated in 4 of 34 experimental studies (12%; Table 4)].
However, decreased anxiety/nervousness has been demonstrated in 2 of the 36 studies (Griffiths et al. 1990;
Comer et al. 1997). One experimental study reported
incidence data of 8% for increased anxiety (Table 4). In 3
survey studies, the percentage of subjects reporting
increased anxiety during abstinence ranged between 10%
and 29%. Anxiety/nervousness has been demonstrated in
studies comparing acute caffeine abstinence with a
preceding baseline condition and a caffeine administration
condition (Table 4), and by comparing acute caffeine
abstinence in caffeine consumers with that in nonconsumers (Table 4).
Despite the fact that marked anxiety is proposed as a
caffeine-withdrawal symptom in DSM-IV-TR (American
Psychiatric Association 2000), anxiety/nervousness does
not fulfill the validity criteria. It is of note that 32
experimental studies using a variety of methodologies
failed to show increased anxiety/nervousness, none of the
positive studies used the most rigorous experimental
design involving a chronic abstinence condition, and 2
experimental studies demonstrated significant decreases
(Griffiths et al. 1990; Comer et al. 1997). However, it is
also noteworthy that anxiety/nervousness has been
described as a withdrawal symptom in case reports
(Gibson 1981; Cobbs 1982; Rainey 1985; Adams et al.
1993) and that anxiety/nervousness is also endorsed as a
withdrawal symptom at low to moderate rates in three
survey studies (Table 4). Although further research is
needed, it may be that the increased anxiety/nervousness
associated with caffeine withdrawal in non-blind case
reports and survey studies reflects increased anxiety in
anticipation of experiencing unpleasant effects of caffeine
abstinence.
Heavy feelings in arms and legs (no other descriptors)
Heavy feelings in arms and legs were demonstrated in 4 of
9 experimental studies (44%). Heavy feelings in arms and
legs have been demonstrated in studies comparing acute
caffeine abstinence with a preceding baseline condition, a
caffeine administration condition, and a chronic caffeine
abstinence condition (Table 4). Although the data are
suggestive, further research is needed to determine the
validity of heavy feelings in arms and legs as a withdrawal
symptom.
Increased nighttime sleep duration/quality (descriptors:
self-report ratings of sleep quality, duration, and onset to
sleep) Self-reported increased nighttime sleep duration/
quality was demonstrated in 4 of 4 experimental studies. In
the two studies that assessed sleep duration, the increase
was about 30 min (Höfer and Bättig 1994b; James 1998).
Increased nighttime sleep duration/quality has been demonstrated in studies comparing acute caffeine abstinence
with a preceding baseline condition and a caffeine
administration condition (Table 4).

Although increased nighttime sleep has been rarely
studied during caffeine abstinence, the magnitude of
increased sleep duration is notable. The limited methodologies in which it has been assessed do not permit
differentiation between an effect of caffeine in decreasing
sleep and a time limited caffeine-withdrawal effect.
Further research is needed to determine whether this is a
valid withdrawal symptom.
Analgesic use (no other descriptors) Self-reported analgesic use was demonstrated in 3 of 3 experimental studies.
Two of these studies explicitly discouraged analgesic use
(Silverman et al. 1992; Strain et al. 1994). Two
experimental studies reported incidence data of 13% and
45% (Table 4). Analgesic use has been demonstrated in
studies comparing acute caffeine abstinence with a
preceding baseline condition and a caffeine administration
condition (Table 4). Studies also showed that abstinenceinduced analgesic use was time limited (Table 4).
Although analgesic use during caffeine abstinence has
been rarely assessed, it is a potential indicator of the
clinical significance of caffeine-withdrawal distress and is
worthy of future study. Whether avoidance of caffeine
withdrawal contributes to chronic use of caffeine-containing analgesics as suggested by some reports (Strain and
Griffiths 1998; Bigal et al. 2002; but cf. Feinstein et al.
2000) also merits further study.
Craving/strong desire to use (no other descriptors)
Craving/strong desire to use was demonstrated in 2 of 2
experimental studies. One experimental study reported
incidence data of 43% and one survey study reported that
28% of respondents reported a strong desire to use
(Table 4). Craving/strong desire to use has been demonstrated in studies comparing acute caffeine abstinence with
a caffeine administration condition and has been shown to
be time limited (Table 4).
Although craving is often reported anecdotally during
caffeine abstinence in the natural environment (Rippere
1984; Gilbert 1986), it has been rarely assessed as a
caffeine-withdrawal symptom. Further research is needed
to determine its validity. Given its potential importance for
understanding habitual caffeine consumption, a priority
should be given to including measures of craving in future
caffeine-withdrawal research.
Blurred vision (no other descriptors) Blurred vision was
demonstrated in 2 of 11 experimental studies (18%). The
incidence of blurred vision was 14% in one experimental
study (Table 4). It has been demonstrated in studies
comparing acute caffeine abstinence with a preceding
baseline condition, a caffeine administration condition,
and a chronic caffeine abstinence condition (Table 4). One
study also showed that abstinence-induced blurred vision
was time limited (Table 4).
In summary, blurred vision has been studied moderately
frequently, may have a low incidence, and has been
demonstrated under several methodological conditions.
The symptom of blurred vision is also consistent with a
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case report (Cobbs 1982). Further research is needed to
determine its validity.
Lightheaded/dizzy (no other descriptors) Lightheaded/
dizzy was demonstrated in 3 of 18 experimental studies
(17%). Lightheaded/dizzy has been demonstrated only in
studies comparing acute caffeine abstinence with a
caffeine administration condition.
Although lightheaded/dizzy has been frequently studied, it has only been demonstrated in three studies, one of
which was not blind. It is concluded that there is little
evidence supporting lightheaded/dizzy as a caffeine-withdrawal symptom.
Anger/hostility (descriptors: anger–hostility and angry)
Anger/hostility was demonstrated in 2 of 20 experimental
studies (10%). It has been demonstrated in studies
comparing acute caffeine abstinence with a caffeine
administration condition and a chronic caffeine abstinence
condition (Table 4), and by comparing acute caffeine
abstinence in caffeine consumers with that in nonconsumers (Table 4). Studies have also shown that
abstinence-induced anger/hostility is time limited
(Table 4).
Although anger/hostility has been very frequently
studied using various methodologies, it has only been
demonstrated in two studies, one of which was not blind.
It is concluded that there is little evidence to suggest that
anger/hostility is a caffeine-withdrawal symptom.
Hot and cold spells (no other descriptors) This symptom
was demonstrated in 2 of 8 experimental studies (25%).
Hot and cold spells have been demonstrated only in
studies comparing acute caffeine abstinence with a
baseline or a caffeine administration condition. Further
research is needed to determine the validity.
Rhinorrhea (runny nose) [(descriptors: rhinorrhea and
runny nose)] Not shown in Table 4, rhinorrhea was
demonstrated in one non-blind study (Roller 1981) of 12
experimental studies that used a variety of methodologies.
Caffeine-withdrawal-induced rhinorrhea was also described anecdotally in two reports (Driesbach and Pfeiffer
1943; Greden et al. 1980). It is concluded that there is little
evidence to suggest that rhinorrhea is a caffeine-withdrawal symptom.
Diaphoresis (perspiration) [(descriptors: diaphoresis,
perspiring, and sweating)] Not shown in Table 4, this
symptom was demonstrated in 2 of 19 experimental
studies (11%). It is concluded that there is little evidence to
suggest that diaphoresis is a caffeine-withdrawal symptom.
Limb tremor (no other descriptors) Not shown in Table 4,
this symptom was demonstrated in none of 10 experimental studies using a variety of methodologies. These
observations are consistent with seven studies that failed to
document objective measures of hand tremor during

caffeine abstinence (discussed below). It is concluded
that there is little evidence to suggest that self-reported
limb tremor is a caffeine-withdrawal symptom.
Miscellaneous symptom categories for which there is no
empirical support Several additional symptoms of potential interest were evaluated in the studies described in
Tables 1 and 2 and were not significantly affected by
caffeine abstinence in any study. The symptoms, with the
number of studies in which they were evaluated indicated
in parentheses, are heart pounding/palpitations (15),
frequent urination (13), jittery/shaky (11), difficulty
sleeping (10), increased hunger/appetite (10), muscle
cramps (8), loss of sex drive (8), diarrhea (7), calm/
relaxed (7), muscle twitches (5), irregular heartbeat (5),
ringing in ears (5), thirsty (5), restless (4), shaky/weakness
(3), constipation (2), chills (1), and numbing or tingling of
extremities (1).
Signs of caffeine withdrawal
In this section, withdrawal signs (i.e., objectively measured behavioral or physiological effects) that were
assessed in the studies listed in Tables 1 and 2 are
individually discussed and evaluated.
Impaired behavioral and cognitive performance This
category is comprised of tasks designed to assess various
aspects of performance impairment. Of 23 experimental
studies that assessed performance during caffeine abstinence, 11 (48%) reported significant impairment on one or
more measures. More specifically, impairment of tapping
speed occurred in 3 of 8 studies (Bruce et al. 1991;
Silverman et al. 1992; Strain et al. 1994), impairment of
visual vigilance occurred in 2 of 4 studies (Lane and
Phillips-Bute 1998; Yeomans et al. 2002b), decreased
reaction time occurred in 2 of 7 studies (Rizzo et al. 1988;
Robelin and Rogers 1998), impaired performance on a
digit symbol substitution task occurred in 2 of 11 studies
(Liguori and Hughes 1997; Liguori et al. 1997b), impaired
performance on a character recognition task occurred in 1
study (James 1998), and impairment in 5 of 7 measures in
a complex cognitive problem-solving task occurred in 1
study (Streufert et al. 1995). Four studies assessing
memory found no evidence for impairment during caffeine
abstinence. With regard to incidence, one experimental
study reported incidence data of 55% for decreased
tapping speed (Strain et al. 1994). Methodologically,
impaired performance has been demonstrated in studies
comparing acute caffeine abstinence with a preceding
baseline condition (Silverman et al. 1992), a caffeine
administration condition (Silverman et al. 1992; Strain et
al. 1994; Streufert et al. 1995; Liguori and Hughes 1997;
Liguori et al. 1997b; James 1998; Lane and Phillips-Bute
1998; Robelin and Rogers 1998; Yeomans et al. 2002b),
and a chronic caffeine abstinence condition (Bruce et al.
1991), and by comparing acute caffeine abstinence in
caffeine consumers with that in non-consumers (Rizzo et
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al. 1988). Studies have also shown that abstinence-induced
impaired behavioral performance is time limited (Bruce et
al. 1991).
In summary, impaired behavioral or cognitive performance has been very frequently studied, may have an
intermediate incidence, and has been demonstrated under a
range of methodological conditions. Furthermore, the
types of impairments observed (i.e., psychomotor speed,
vigilance, and cognitive performance) appear consistent
with the profile of validated withdrawal symptoms such as
tiredness/fatigue, decreased alertness, and difficulty concentrating. It should be noted, however, that this category
is comprised of heterogeneous measures of performance
impairment and, at present, there is not enough information to reach a conclusion about the validity of any specific
performance measure. Future research should focus on
measures that appear to be most sensitive to caffeine
abstinence, including tapping, vigilance, reaction time, and
complex cognitive problem solving.
Increased cerebral blood flow Increased cerebral blood
flow velocity has been demonstrated in 4 of 4 experimental studies (Mathew and Wilson 1985; Couturier et al.
1997; Jones et al. 2000; Field et al. 2003; cf. Tables 1, 2).
Increased cerebral blood flow has been demonstrated in
studies comparing acute caffeine abstinence with a
preceding baseline condition (Mathew and Wilson 1985;
Couturier et al. 1997) and a caffeine administration
condition (Jones et al. 2000; Field et al. 2003). The
magnitude of this effect is positively correlated with daily
caffeine dose before abstinence (Mathew and Wilson
1985; Field et al. 2003).
The several studies indicating that caffeine abstinence is
associated with increases in cerebral blood flow are of
particular interest because the effect may be related to a
vascular mechanism underlying the common withdrawal
symptom of headache (cf. Jones et al. 2000). However, the
methodologies of the studies conducted to date do not
permit differentiation of the effects of caffeine per se on
cerebral blood flow from the effects of caffeine withdrawal. Further research is needed to determine the validity of
increased cerebral blood flow as a withdrawal sign.
Changes in EEG Changes in quantitative electroencephalography (EEG) during caffeine abstinence was demonstrated in 3 of 3 experimental studies (Lader et al. 1996;
Jones et al. 2000; Reeves et al. 2002; cf. Tables 1, 2).
Effects included increases in EEG theta power (Jones et al.
2000; Reeves et al. 2002), which have been associated
with drowsiness. However, across studies, findings have
been inconsistent across different EEG measures. Changes
in EEG have been demonstrated in studies comparing
acute caffeine abstinence with a preceding baseline
condition (Lader et al. 1996; Reeves et al. 2002) and a
caffeine administration condition (Jones et al. 2000).
Although a few studies suggest that quantitative EEG
measures might provide a physiological measure or
correlate of caffeine withdrawal, the methodologies do
not permit differentiation of the effects of caffeine per se

on EEG from the effects of caffeine withdrawal. Further
research is needed to validate changes in EEG as a
withdrawal sign.
Decreased blood pressure Of 11 experimental studies that
assessed blood pressure, three demonstrated decreases in
systolic blood pressure (Streufert et al. 1995; Lader et al.
1996; Phillips-Bute and Lane 1998) and one each showed
decreases in diastolic (Phillips-Bute and Lane 1998) and
arterial (Lane 1997) blood pressure. The small magnitude
of this effect (about 6 mmHg for systolic blood pressure)
suggests that, if this effect is time limited, it is not
clinically important. Decreased blood pressure has been
demonstrated in studies comparing acute caffeine abstinence with a preceding baseline condition (Lader et al.
1996) and a caffeine administration condition (Streufert et
al. 1995; Lane 1997; Phillips-Bute and Lane 1998). One
study showed the effect to be time limited (Lader et al.
1996).
The studies cited above, as well as several studies that
explicitly focused on cardiovascular outcome measures
(Robertson et al. 1981; Ammon et al. 1983), do not
provide convincing evidence that caffeine abstinence
acutely decreases blood pressure.
Decreased motor activity Decreased motor activity
assessed using electronic activity monitors was demonstrated in 2 of 2 experimental studies (Höfer and Bättig
1994a,b; cf. Table 2). Decreased motor activity has been
demonstrated in studies comparing acute caffeine abstinence with a preceding baseline condition (Höfer and
Bättig 1994a,b), and the effect was time limited (Höfer and
Bättig 1994a).
Although decreased motor activity has been only rarely
studied, it has face validity as a caffeine-withdrawal sign
because it plausibly could co-vary with the well-validated
symptoms of increased tiredness/fatigue and decreased
energy/activeness. Further research is needed to establish
the validity.
Skin conductance One experimental study assessed and
found a significant effect (decrease) in skin conductance
during caffeine abstinence relative to a preceding baseline
condition (Lader et al. 1996; cf. Table 1). Further research
is needed to establish its validity.
Urinary epinephrine and norepinephrine Of two studies
that assessed urinary epinephrine and norepinephrine
(Robertson et al. 1981; Lane 1994; cf. Tables 1, 2), one
showed decreased levels of epinephrine during caffeine
abstinence relative to a caffeine condition (Lane 1994).
The author interpreted this as an effect of caffeine rather
than caffeine withdrawal. Further research is needed.
Heart rate Of 9 experimental studies that assessed heart
rate, only one reported a significant effect (increase)
during caffeine abstinence (Höfer and Bättig 1994a). The
effect was neither time limited nor reversed by readministration of caffeine (Höfer and Bättig 1994a). It is
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concluded that there is no meaningful evidence that
caffeine abstinence affects heart rate.
Hand tremor Of 7 experimental studies that assessed
objective measures of hand tremor, none showed a
significant effect of caffeine abstinence. These observations are consistent with 10 studies that showed that
caffeine abstinence did not affect subjective measures of
limb tremor (reviewed in Tables 1, 2, and discussed
above). It is concluded that there is little to suggest that
caffeine abstinence affects hand tremor.

Incidence of clinically significant distress or impairment
in daily functioning
In individuals reporting caffeine-withdrawal symptoms,
the severity can vary from mild to extreme. Clinically
significant distress and/or impairment of normal daily
activities (e.g., work absence or going to bed because of
symptoms) upon caffeine abstinence have been reported in
clinical evaluations and experimental studies dating back
over 170 years (Kingdon 1883; Bridge 1893; Driesbach
and Pfeiffer 1943; Goldstein and Kaizer 1969; Greden et
al. 1980; Rainey 1985; Smith 1987; Griffiths et al. 1990;
Silverman et al. 1992; Adams et al. 1993; Weil and Rosen
1993, p 187; Hampl et al. 1994; Strain et al. 1994;
Cacciatore et al. 1996; Lader et al. 1996). Information
about the proportion of regular caffeine consumers who
are at risk for experiencing clinically significant distress
and/or functional impairment during abrupt caffeine
abstinence is available from both prospective experimental
studies and retrospective survey studies.
Prospective experimental studies showing clinically
significant distress or impairment
Six prospective experimental studies provide information
on the incidence of clinically significant distress or
functional impairment during caffeine abstinence. With
regard to the experimental studies, in one double-blind
study of 11 people who fulfilled criteria for DSM-IV
substance dependence applied to caffeine use (median
intake 357 mg/day), 73% experienced significant disruptions in normal daily activities during a period of
experimentally induced caffeine abstinence, including
leaving or missing work, making errors or costly mistakes
at work, inability to care for children, and inability to
complete school work (Strain et al. 1994). Five experimental studies have been conducted in normal subject
populations. One study, conducted in 22 medical and
graduate students who consumed 650–780 mg/day
experimentally administered caffeine before abstinence,
reported that headache “as extreme in severity as the
subjects had ever experienced” occurred in 55% of 38
trials (Driesbach and Pfeiffer 1943). A double-blind study
of 62 caffeine consumers (mean intake 235 mg/day), who
had no knowledge that the study was about caffeine, found

that during caffeine abstinence 52% of subjects reported
moderate to severe headache, and 8–11% showed
abnormally high scores on standardized depression and
fatigue scales (Silverman et al. 1992). In an open-ended
interview, several of these subjects also reported severe
functional impairment. In another double-blind study, 45%
of 40 caffeine consumers (mean intake 360 mg/day)
reported a “diffuse, throbbing headache,” with 28% of
those also reporting “nausea and sickness” (Lader et al.
1996). A third double-blind study evaluated the incidence
of functional impairment during abrupt caffeine abstinence
in a group of 18 subjects (mean intake 231 mg/day) who
reported having had problems or symptoms when
previously stopping caffeine (Dews et al. 1999). The
study found that 39% of subjects spontaneously reported
caffeine-withdrawal symptoms and 22% showed substantial decreases (≥1.5 points on a 4 point scale) in their
ratings of daily functioning (e.g., at work and leisure
activities), although none of the subjects reported symptoms judged to be “incapacitating” by the authors.
Limitations of this study, which have been discussed
elsewhere (Griffiths et al. 2003), include the relatively
unstructured and unmonitored conditions under which
data were obtained and the relatively low caffeine
maintenance dose. Finally, one non-blind trial of caffeine
abstinence reported 10% of 20 caffeine consumers
reported nausea and vomiting (Couturier et al. 1997).
Overall, the incidence of clinically significant distress or
functional impairment in prospective experimental studies
with normal subjects has varied from about 10% to as high
as 55% (median 13%). The estimate of 13% is lower than
the 73% rate of functional impairment shown in subjects
who met DSM-IV criteria for substance dependence
applied to caffeine (Strain et al. 1994). The difference is
not due to differences in caffeine intake (the usual
maintenance dose in the dependent subjects was in the
range of that of the studies in the normal subjects),
suggesting that the caffeine-dependent subjects may
represent a subpopulation vulnerable to severe withdrawal
effects. It should be recognized that the 13% incidence rate
for normal subjects could underestimate the rate of
occurrence in the general population. Although unstudied,
it seems reasonable to suppose that there may be a
substantial subject selection bias in caffeine research in the
general population, with individuals who experience
clinically significant withdrawal being less likely to
volunteer for a study in which caffeine abstinence might
be a possibility.
Retrospective survey studies showing clinically
significant distress or impairment
Four retrospective survey studies provide information on
the percentage of respondents reporting clinically significant distress or functional impairment during caffeine
abstinence. A survey study of 183 women showed that the
percentage endorsing that they would experience classic
caffeine-withdrawal symptoms (headache, lethargy, and
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sleepiness) without their morning coffee increased as a
function of the number of cups of coffee consumed
(Goldstein and Kaizer 1969). Consistent with functional
impairment, endorsement of being “unable to work
effectively” also increased with cups consumed, with the
effect reported by 9% of all coffee consumers and 16% of
heavy consumers (>5 cups/day). In a population-based
random digit dial telephone survey study, caffeine
consumers were questioned about their experience with
caffeine withdrawal (Hughes et al. 1998). Of 71 who
reported having stopped or reduced caffeine for at least
24 h during the past year, 11% reported experiencing
headache and other withdrawal symptoms that interfered
with their performance. This figure was 24% among the
subgroup who reported stopping caffeine in an attempt at
permanent abstinence. A third study asked a wide variety
of questions of people who telephoned to volunteer for a
paid clinical research trial (Dews et al. 1999). Of 6,815
daily caffeine consumers, 2.6% reported that problems or
symptoms during caffeine abstinence were severe enough
to interfere with normal activity (e.g., inability to concentrate at work; lost time at work). The low rate of
endorsement of functional impairment in this study may
have been due to a failure to exclude individuals who had
not actually abstained from caffeine, as well as possible
under reporting of symptoms because of a desire to
participate in a paid research trial. A final retrospective
survey was conducted in 36 adolescent caffeine consumers
who endorsed two or more DSM-IV substance dependence criteria applied to caffeine use (Oberstar et al.
2002). Twenty-one percent reported the caffeine-withdrawal symptom of “sick/nauseated/vomiting.”
Overall, the percentage of respondents reporting
clinically significant distress or functional impairment in
retrospective survey studies varied between 2.6% and 11%
(median 9%) in general survey studies, and was 21% in
caffeine-dependent adolescent subjects. The median estimate from the general survey studies is quite similar to the
estimate from prospective experimental studies (9% and
13%, respectively). As with the experimental studies, there
are several limitations inherent to survey studies that may
result in underestimates. First, a portion of habitual
caffeine consumers may be unaware of caffeine-withdrawal symptoms because they never have had a period of
sustained abstinence. Furthermore, it has been demonstrated that as little as 25 mg/day of caffeine can prevent some
withdrawal symptoms (Evans and Griffiths 1999). Thus,
small amounts of caffeine that are unknowingly consumed
on days believed to be “caffeine-free” days may lead to an
underestimation of the incidence of clinically significant
distress during complete abstinence. Finally, it is possible
that caffeine-withdrawal symptoms such as headache,
fatigue, nausea, and muscle aches could be misattributed
to other causes or ailments (e.g., common cold).

Expectancies and caffeine withdrawal
It has been speculated that knowledge and expectation are
the prime determinants of caffeine-withdrawal symptoms
(Rubin and Smith 1999; Dews et al. 2002), leading to the
conclusion that caffeine withdrawal is “controversial”
(Dews et al. 1999; Rubin and Smith 1999). In drug
research, the importance of expectancies has long been
acknowledged (Marlatt and Rohsenow 1980; Fillmore
1994), and double-blind experimental methodologies were
explicitly developed to help control for expectancy effects.
However, what is known about withdrawal symptoms
from abused drugs, including alcohol, opioids, sedatives,
and cocaine, has been inferred from clinical observations
rather than documented in experimental studies in which
placebo was substituted for active drug under blind
conditions (Martin 1977; Weddington et al. 1990). In
contrast, the great majority (74%) of the 57 experimental
studies of caffeine withdrawal outlined in Tables 1 and 2
were conducted under double-blind conditions, with an
additional 11% conducted under single-blind conditions.
Thus, caffeine-withdrawal research, in particular, seems to
distinguish itself as having controlled for expectancy
effects better than most other research on drug withdrawal.
One approach to assessing the impact of expectancies
on caffeine withdrawal is to compare the incidence of
caffeine-withdrawal headache that has been reported in
double-blind and single-blind studies (studies 1–48 in
Tables 1 and 2) to that reported in non-blind studies
(studies 49–55 in Table 2). The median incidence of
headache (derived from column 7 of Table 4) for the blind
and non-blind studies that reported such data is 45% and
57%, respectively, suggesting a modest effect of expectancy.
However, it is important to recognize that the impact of
expectancies is not entirely eliminated using double-blind
methods. Even in double-blind studies, expectancies can
play a role if subjects have knowledge of the purpose and
conditions of the study. For instance, in extreme cases,
subjects could be told that the purpose of a study is to
investigate caffeine withdrawal and that they will be
receiving either caffeine or placebo. This information
could functionally unblind subjects if they could discriminate between conditions based on immediate pharmacological effects or on early symptoms of withdrawal
(Dews et al. 1999; Rubin and Smith 1999).
To address this issue, the blind studies in Tables 1 and 2
were re-reviewed for information relevant to possible
expectancy effects. This analysis revealed that many of the
blind studies provided or probably provided sufficient
information such that subjects could have been aware that
the study involved caffeine or caffeine withdrawal.
However, a substantial number of blind studies went to
some lengths to keep subjects uninformed about purpose
or experimental conditions. For example, several studies
conducted at Johns Hopkins (Silverman et al. 1992; Schuh
and Griffiths 1997; Garrett and Griffiths 1998; Jones et al.
2000) instructed subjects that they could receive a variety
of compounds found in foods and beverages (e.g.,
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chlorogenic acids, determines, caffeine, tannin, sugar,
theophylline, or inactive placebo). To further divert
attention away from caffeine, the dietary restrictions
were written without reference to caffeine and included
various foods and substances that do not contain caffeine
(i.e., saccharin, aspartame [Nutrasweet], oysters, mussels,
almonds, coconuts, poppy seeds, and all beverages except
milk, fruit juice, and water). Furthermore, as the research
unit at Johns Hopkins conducts a large number of studies
with a wide range of drugs other than caffeine, it is
unlikely that conduct of these studies at that site would
have created subject expectations that the study involved
caffeine. Two studies from other laboratories also used
instructions and methods that reduced the likelihood of
expectancy effects (Comer et al. 1997; Dews et al. 1999).
Finally, several studies ruled out expectancy effects by
using debriefing procedures to explicitly determine what
subjects understood or inferred about the experimental
conditions (van Dusseldorp and Katan 1990; Rogers et al.
1995; James 1998; Robelin and Rogers 1998; Yeomans et
al. 1998, 2002b; Tinley et al. 2003). From these studies in
which expectancy effects are judged to be unlikely, the
median incidence of headache (derived from column 7 of
Table 4) for the studies that reported such data is 42%,
which is similar to the incidence of headache for all blind
studies (45%). Furthermore, the profile of other symptoms
demonstrated in these studies in which expectancy effects
were unlikely is similar to those demonstrated in the larger
set of studies.
In conclusion, while it is undoubtedly true that, as with
the assessment of other clinical phenomena, expectancies
could play some role in caffeine withdrawal, the evidence
that caffeine withdrawal is pharmacologically based is
overwhelming, and analysis of the published data does not
support the hypothesis that expectancies are a primary
determinant of caffeine-withdrawal symptoms. It should
also be recognized that, to the extent that expectancies
may modestly enhance caffeine-withdrawal symptoms (as
suggested from the comparison of blind and non-blind
studies described above), blind research studies may
actually underestimate the incidence and severity of
withdrawal that occurs under more naturalistic clinically
relevant conditions. Future research should evaluate this
possibility using a methodology such as the balanced
placebo design, which experimentally manipulates both
caffeine abstinence and expectancy of abstinence (Marlatt
and Rohsenow 1980; Juliano and Brandon 2002).

Time course of caffeine withdrawal
Numerous studies have shown that caffeine-withdrawal
symptoms typically emerge 12–24 h after abrupt caffeine
abstinence (Driesbach and Pfeiffer 1943; Goldstein 1964;
Goldstein et al. 1969; Griffiths et al. 1986, 1990;
Richardson et al. 1995; Schuh and Griffiths 1997;
Swerdlow et al. 2000; Tinley et al. 2003), which is
consistent with the short half-life of caffeine (4–6 h). Some
evidence suggests that symptoms may emerge later

(>24 h) after abstinence from higher doses (e.g.,
900 mg/day) of caffeine (Bruce et al. 1991; Evans and
Griffiths 1992). In the few studies that provided detailed
time-course information for individual subjects, onset of
withdrawal symptoms have been reported as early as 6 h
(Roller 1981) and as late as 43 h (Griffiths et al. 1990)
after abstinence. Caffeine-withdrawal symptoms have
been shown to reach peak intensity between 20 h and
51 h after abstinence (Griffiths et al. 1986, 1990; Evans
and Griffiths 1992; Brauer et al. 1994; Höfer and Bättig
1994a,b; Lader et al. 1996). The duration of caffeine
withdrawal has been shown to be 2–9 days (Griffiths et al.
1986, 1990; van Dusseldorp and Katan 1990; Höfer and
Bättig 1994a), and the possibility of withdrawal headaches
occurring up to 21 days has been suggested (Richardson et
al. 1995).

Parametric determinants of caffeine withdrawal
Chronic caffeine maintenance dose
There is good evidence that the incidence or severity of
caffeine withdrawal increases with increases in the chronic
daily caffeine maintenance dose. The best evidence for this
relationship comes from a prospective study that experimentally manipulated caffeine maintenance dose (100,
300, and 600 mg/day) and showed monotonic increases in
several withdrawal measures, with significantly greater
headache and headache/poor mood demonstrated after
abstinence from 600 mg than 100 mg/day (Evans and
Griffiths 1999). This study and a previous study (Griffiths
et al. 1990) also demonstrated that significant caffeine
withdrawal occurred after abstinence from a dose as low as
100 mg/day.
The relationship between withdrawal incidence or
severity and usual caffeine dose has also been demonstrated in studies of self-reported caffeine maintenance dose,
including retrospective survey studies (Goldstein and
Kaizer 1969), experimental studies (Goldstein 1964;
Silverman et al. 1992; Rogers et al. 1995; Lader et al.
1996; Lane 1997; Lane and Phillips-Bute 1998), and
studies of post-operative headache (Galletly et al. 1989;
Fennelly et al. 1991). It should be noted, however, that the
relationship between withdrawal and self-reported caffeine
intake appears relatively weak because it has not been
demonstrated in some studies (Verhoeff and Millar 1990;
Hughes et al. 1993; Höfer and Bättig 1994a), and
significant correlations between withdrawal measures
and caffeine intake are low and inconsistent across
different withdrawal measures (Silverman et al. 1992;
Lane 1997; Lane and Phillips-Bute 1998).
Acute decreases in caffeine maintenance dose
When lower caffeine doses are substituted for the usual
maintenance dose, withdrawal severity increases as the
substituted dose decreases. One study maintained indivi-
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duals on 300 mg caffeine/day and then substituted a range
of lower doses (Evans and Griffiths 1999). The study
showed that a substantial reduction in caffeine dose (to
≤100 mg/day) was necessary to produce caffeine withdrawal and that even a dose of 25 mg/day was sufficient to
avoid significant caffeine-withdrawal headache. This
result suggests that a substantial percentage reduction in
caffeine consumption is necessary to manifest the full
caffeine-withdrawal syndrome.
Duration of caffeine maintenance
Three studies demonstrated that caffeine withdrawal can
occur after a relatively short duration of caffeine maintenance (Driesbach and Pfeiffer 1943; Griffiths et al. 1986;
Evans and Griffiths 1999). One of these studies (Evans
and Griffiths 1999), which was conducted in caffeine
consumers who were caffeine abstinent for 7 days before
the period of caffeine maintenance, showed no withdrawal
effects after a single day of exposure to caffeine (300 mg/
day). However, significant withdrawal symptoms occurred
after 3 consecutive days of caffeine, with somewhat
greater severity demonstrated after 7 and 14 consecutive
days of exposure. Another study (Driesbach and Pfeiffer
1943) showed that caffeine-withdrawal headache occurred
in three individuals who normally totally abstained from
caffeinated beverages, but who were given increasing
doses of caffeine over 6 days or 7 days up to 650–780 mg/
day.
Within-day frequency of dosing during caffeine
maintenance
Most studies of caffeine withdrawal have involved
caffeine abstinence after a maintenance period that
involved multiple caffeine doses each day. The only
study to vary the within-day frequency of caffeine dosing
showed that the range and severity of caffeine-withdrawal
symptoms was similar when caffeine maintenance involved 300 mg taken as single dose in the morning
compared with 100 mg taken at three time points across
the day (Evans and Griffiths 1999). This indicates that
once-a-day dosing with caffeine is sufficient for producing
withdrawal symptoms.
Re-administration of caffeine reverses abstinence
effects
After a period of abstinence during which the severity or
incidence of a symptom or sign develops, re-administration of caffeine rapidly (usually within 30–60 min) and
often completely reverses withdrawal (Driesbach and
Pfeiffer 1943; Goldstein et al. 1969; Roller 1981;
Couturier et al. 1997; Tinley et al. 2003), with the
magnitude of reversal being an increasing function of the
re-administered caffeine dose (Goldstein et al. 1969).

Individual differences in caffeine withdrawal
There are differences within and across individuals with
respect to the incidence of caffeine withdrawal. As
discussed above and shown in Table 4, only about 50%
of subjects in experimental studies report headache after
any single occasion of caffeine abstinence, and the
severity of headache can vary from mild to extreme.
One study that examined six repeated blind abstinence
trials in seven subjects maintained on 100 mg/day of
caffeine documented differences within and across subjects: one subject never showed substantial headache,
some subjects showed consistent headaches, while others
reported headaches on some trials but not others (Griffiths
et al. 1990). A second study that analyzed the effects of six
repeated abstinence trials showed that at least 36% of
subjects, who showed statistically significant elevations in
headache, failed to report this effect consistently across
repeated trials (Hughes et al. 1993). There is evidence that
genetic factors may play a role in some differences among
individuals. One study of 1,934 female twins found that
there was significantly greater concordance of DSM-IVdefined caffeine withdrawal among monozygotic twins
(41%) than dizygotic twins (18%), yielding an estimated
broad heritability of 35% (Kendler and Prescott 1999).
Other than the role of chronic maintenance dose
(discussed previously), very little is known about the
determinants of individual differences in caffeine withdrawal. The results of one study suggested that individuals
who eliminated caffeine slowly were less likely to
experience sedation during withdrawal (Lader et al.
1996). Whether females, individuals with histories of
previous drug dependence including cigarette smoking, or
individuals with polymorphisms in the A1 and A2A
adenosine receptor genes are at greater risk of caffeine
withdrawal is worthy of future research (Strain et al. 1994;
Dews et al. 1999; Alsene et al. 2003).

The role of caffeine withdrawal in the habitual
consumption of caffeine
Research indicates that avoidance of abstinence-associated
withdrawal symptoms plays a central role in the habitual
consumption of caffeine. This relationship has been shown
in retrospective questionnaire studies (Goldstein and
Kaizer 1969) and in double-blind experimental studies
that assessed direct behavioral measures of caffeine
reinforcement or preference (Griffiths et al. 1986; Hughes
et al. 1993; Liguori and Hughes 1997; Schuh and Griffiths
1997; Garrett and Griffiths 1998) and beverage flavor
preferences (Rogers et al. 1995; Yeomans et al. 1998,
2000a, 2001, 2002a; Tinley et al. 2003).
One study of caffeine reinforcement, for example,
showed that moderate caffeine consumers who reported
caffeine-withdrawal symptoms (i.e., headache, drowsiness) after drinking decaffeinated coffee were more than
twice as likely to choose caffeinated over decaffeinated
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coffee in choice tests (Hughes et al. 1993). In studies that
prospectively manipulated caffeine physical dependence,
subjects chose caffeine more than twice as often when they
were physically dependent than when they were not
physically dependent (Griffiths et al. 1986; Garrett and
Griffiths 1998).
Withdrawal also plays an important role in the development of preferences for flavors paired with caffeine. In
these studies, caffeine consumers who abstained from
caffeine overnight and were repeatedly exposed to a novel
flavored drink paired with caffeine showed increased
ratings of drink pleasantness or preference compared with
caffeine consumers who received placebo-paired drinks
(Rogers et al. 1995; Yeomans et al. 1998). It has been
demonstrated that the development of such flavor
preference requires that subjects be caffeine deprived at
training and testing (Yeomans et al. 1998, 2000b, 2001,
2002a). Furthermore, the effects are not observed in
caffeine non-consumers or in long-term abstinent consumers (Rogers et al. 1995; Tinley et al. 2003). It seems
likely that, in the natural environment, withdrawal-dependent conditioned flavor preferences play an important role
in development of strong consumer preferences for
specific kinds of caffeine-containing beverages.

DSM-IV-TR and ICD-10 diagnostic criteria for caffeine
withdrawal
The potential for caffeine withdrawal to cause clinically
significant distress or impairment in functioning is
reflected by the inclusion of caffeine withdrawal as an
official diagnosis in ICD-10 (World Health Organization
1992a,b) and as a proposed research diagnosis in DSM-IVTR (American Psychiatric Association 2000). Caffeine
withdrawal was included in DSM-IV as a proposed
diagnosis rather than an official diagnosis to encourage
further research on the range and specificity of caffeinewithdrawal symptoms (Hughes 1994). The DSM-IV-TR
proposed research criteria for withdrawal are: (A)
prolonged daily use of caffeine; (B) abrupt cessation of
caffeine use or reduction in the amount of caffeine used,
closely followed by headache and one (or more) of the
following symptoms: (1) marked fatigue or drowsiness,
(2) marked anxiety or depression, (3) nausea or vomiting;
(C) the symptoms in criterion B cause clinically significant
distress or impairment in social, occupational, or other
important areas of functioning; (D) the symptoms are not
due to the direct physiological effects of a general medical
condition (e.g., migraine, viral illness) and are not better
accounted for by another mental disorder.
The official ICD-10 diagnosis for withdrawal from
caffeine does not specify specific symptoms for making
the diagnosis (World Health Organization 1992a,b). The
ICD-10 diagnostic criteria for research includes the
diagnosis of a “withdrawal state from other stimulants,
including caffeine” (World Health Organization 1993).
The criteria involve: (A) cessation or reduction of caffeine
use after prolonged use; (B) dysphoric mood (for instance,

sadness or anhedonia); and (C) two or more of the
following: (1) lethargy and fatigue, (2) psychomotor
retardation or agitation, (3) craving for stimulant drugs,
(4) increased appetite, (5) insomnia or hypersomnia, (6)
bizarre or unpleasant dreams.
Proposed revision of DSM-IV-TR and ICD-10
diagnostic criteria for caffeine withdrawal
The great majority of the research literature on caffeine
withdrawal has been published since the DSM-IV Work
Group (in 1994) and the World Health Organization (in
1993) formulated their respective criteria for proposed
research diagnoses (cf. Tables 1, 2, 3). This section
focuses on a proposed revision of the DSM, although
many of the considerations would be applicable to a
revision of ICD-10. The research summarized in this
review further documents that caffeine withdrawal may be
severe enough to warrant clinical attention, which was
questioned in DSM-III-R (American Psychiatric Association 1987). Moreover, the research literature now provides
a sound empirical basis for updating the criteria for
caffeine withdrawal. Problems with the DSM-IV-TR
criteria are that they (1) do not reflect the apparent
independence of headache and non-headache withdrawal
symptoms (cf. section on headache); (2) do not include
symptoms that have now been well-validated; and (3)
include a symptom (i.e., anxiety) for which there is little
empirical support.
Based on the current evaluation of the research
literature, we now propose that part B of the DSM
research criteria be changed to indicate that a caffeinewithdrawal diagnosis requires: abrupt cessation of caffeine
use or reduction in the amount of caffeine used, closely
followed by three or more of the following: (1) headache,
(2) fatigue or drowsiness, (3) dysphoric mood, depressed
mood, or irritability, (4) difficulty concentrating, and (5)
flu-like somatic symptoms, nausea, vomiting, or muscle
pain/stiffness.
The proposed five clusters of symptoms are based on
the 13 symptoms from this review that are the best
candidates for describing the caffeine-withdrawal syndrome. The new criteria address the 1994 DSM-IV Work
Group concerns that there were too few validated symptoms and there may be overlap between fatigue and
drowsiness (Hughes 1994). The decision to propose the
diagnosis based on three of the five clusters is a
conservative strategy to prevent over-diagnosis of the
disorder, which was also a concern of the DSM-IV Work
Group (Hughes 1994). Although some of the proposed
symptoms have high prevalence and other etiologies, this
is also true of other withdrawal diagnoses recognized by
DSM (e.g., cocaine withdrawal, nicotine withdrawal,
opioid withdrawal).
It should be recognized that although the individual
symptoms have been empirically validated, the symptom
clusters are conceptually rather than empirically derived. It
would be informative if future research with a suitably

25

large group of individuals assessed all of the symptoms
validated in this review and used statistical procedures to
empirically differentiate among clusters of symptoms
(e.g., cluster analysis or multiple regression), as well as
determine their ability to predict clinically significant
distress.

Summary/conclusions
The present paper represents the most comprehensive
review and analysis of the effects of caffeine abstinence in
humans published to date. The purpose of this analysis
was to empirically validate specific symptoms and signs,
and to appraise important features of the caffeinewithdrawal syndrome.
Of 49 symptom categories and 9 sign categories
identified from 57 experimental and 9 retrospective survey
studies, the following 10 symptom categories fulfilled
methodologically rigorous validity criteria: headache,
tiredness/fatigue, decreased energy/activeness, decreased
alertness/attentiveness, drowsiness/sleepiness, decreased
contentedness/well-being, depressed mood, difficulty concentrating, irritability, and muzzy/foggy/not clearheaded.
In addition, flu-like symptoms, nausea/vomiting, and
muscle pain/stiffness were judged likely to represent
valid symptom categories. The percentage of subjects
reporting headache was 50% in experimental studies and
24% in retrospective survey studies. The percentage of
subjects reporting clinically significant distress or functional impairment was 13% in prospective experimental
studies and 9% in retrospective survey studies.
Data supporting the following 13 symptom and sign
categories were judged as suggestive and in need of
further research: decreased desire to socialize, unmotivated for work, decreased self-confidence, total mood
disturbance (POMS), yawning, heavy feelings in arms and
legs, increased nighttime sleep quality/duration, analgesic
use, craving/strong desire to use, impaired behavioral and
cognitive performance (objectively measured), decreased
motor activity (objectively measured), increased cerebral
blood flow, and EEG changes.
Onset of withdrawal symptoms typically occurs 12–
24 h after abstinence, with peak intensity occurring at 20–
51 h, and duration of withdrawal ranging between 2 days
and 9 days. Re-administration of caffeine rapidly and often
completely reverses withdrawal. The incidence or severity
of symptoms increases with increases in the chronic daily
maintenance dose. Symptoms may occur upon abstinence
from chronic caffeine exposure at doses as low as 100 mg/
day, and upon abstinence following only 3–7 days of
caffeine exposure at higher doses. There is good evidence
that avoidance of withdrawal symptoms plays a central
role in the habitual consumption of caffeine by increasing
the reinforcing effects of caffeine and preference for tastes
paired with caffeine. Overall, the evidence that caffeine
withdrawal is pharmacologically based is overwhelming,
and analysis of the published data does not support the

hypothesis that expectancies are a primary determinant of
caffeine-withdrawal symptoms.
In addition to the previously discussed research
priorities concerning the DSM-IV diagnosis of caffeine
withdrawal, future studies should determine the validity of
the symptom and sign categories identified above as in
need of further research, and investigate how vulnerability
to caffeine withdrawal is affected by gender, drug abuse
histories, caffeine metabolism, genetics, behavioral conditioning, personality, and other factors. It would be
valuable if future reports of research on caffeine withdrawal provided individual subject data in addition to the
usual group data to provide further information about
individual differences in severity of the withdrawal
syndrome. Future research should provide more detailed
information about the time course (i.e., onset, duration,
and offset) of individual withdrawal symptoms. Furthermore, the impact of gradual reduction of caffeine on
withdrawal symptoms should be characterized. Although
tolerance and withdrawal are thought to be functionally
related phenomena, no research has investigated the
relationship between the extent of caffeine tolerance and
magnitude of withdrawal. Finally given the high rate of
caffeine use in children, caffeine withdrawal in children
deserves much more systematic study (Goldstein and
Wallace 1997; Bernstein et al. 1998).
In conclusion, although descriptions in the medical
literature of the caffeine-withdrawal syndrome date back
more than 170 years, a solid empirical parametric analysis
of the phenomenon has only begun to emerge in recent
years. Arguably, the caffeine-withdrawal syndrome has
been more rigorously and completely characterized than
withdrawal from any other drug and can now serve as a
model system for evaluating drug withdrawal phenomena.
Despite this progress, we can anticipate that future
research with caffeine will provide further valuable
insights into the world’s most widely consumed moodaltering drug, as well as insights into drug withdrawal
effects more generally.
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Appendix A—Studies that did not statistically document
symptom or sign

Symptom or sign

Studiesa

Alertness/attentiveness
Anger/hostility

10, 14, 16, 22, 23, 28, 38, 46, 55
4, 6, 9, 10, 15, 18, 22, 25, 26, 27, 28, 33,
34, 35, 36, 37, 46, 55
4, 5, 6, 10, 14, 15, 16, 17, 18, 19, 20, 21,
23, 24, 25, 26, 27, 28, 29, 33, 34, 35, 36,
37, 41, 44, 45, 46, 55, 56
3, 13, 38, 43, 44, 45, 54
5, 19, 21, 25, 26, 37, 46, 55, 56
16, 17, 18, 21, 27, 31, 39
21
4
4, 5, 10, 15, 17, 18, 21, 25, 28, 33, 35, 36,
37, 46, 55
5, 6
4, 10, 14, 15, 20, 27, 28, 29, 37, 39, 46

Anxiety/nervousness
Blood pressure
Blurred vision
Calm/relaxedb
Chills
Circular lights taskb
Confusion–bewilderment
Constipationb
Contentedness/wellbeing
Depression
Desire to socialize
Diaphoresis
Diarrheab
Difficulty sleeping/
insomniab
Difficulty concentrating
Digit symbol substitution task
Divided attentionb
Drowsiness/sleepiness
Energy/activeness
Flu-like symptoms
Frequent urinationb
Grammatical/logical
reasoningb
Hand tremor (objectively measured)b
Headache
Heart pounding/palpitations
Heart rate
Heavy feelings in arms
and legs
Hot and cold spells
Hunger/appetiteb
Irregular heartbeat
Irritability

2, 4, 10, 18, 19, 20, 21, 22, 23, 24, 25, 28,
29, 33, 34, 35, 36, 37, 46, 55
15, 18, 19, 21, 23, 24, 25, 26, 27, 28, 29,
35, 36
5, 6, 9, 14, 15, 19, 20, 21, 22, 23, 24, 25,
26, 37, 46, 55, 56
5, 6, 14, 15, 22, 23, 24
9, 14, 15, 19, 21, 22, 23, 24, 46, 55
21, 25, 28, 46
9, 14, 15, 20, 21, 22, 28, 37, 55
21
5, 10, 18, 22, 25, 37
10, 14, 16, 17, 25, 36, 42, 46
19, 21, 26, 28, 35, 37, 46, 56
9, 14, 15, 19, 22, 23, 24, 25, 26, 37, 46,
55, 56
28, 55
14, 15, 17, 20, 22, 23, 24
14, 19, 22, 24, 26, 28, 29, 31, 37, 40, 41
9, 14, 15, 19, 20, 21, 22, 23, 24, 25, 26,
37, 46, 55, 56
3, 13, 19, 38, 43, 45, 54, 55
19, 21, 25, 26, 56

19, 25, 26, 37, 46, 55
17, 18, 20, 21, 22, 23, 24, 29, 31, 42
14, 15, 22, 23, 24
4, 10, 14, 15, 16, 20, 21, 23, 24, 25, 28,
29, 37, 46, 55
b
Jittery/shaky
5, 6, 9, 28, 31, 37, 40, 41, 42, 46, 55
Lightheaded/dizzy
5, 9, 14, 15, 19, 20, 21, 22, 23, 24, 25, 26,
37, 46, 56
b
Limb tremor
5, 6, 9, 19, 25, 26, 37, 46, 55, 56
Loss of sex driveb
9, 19, 25, 26, 37, 46, 55, 56
Memory/recallb
9, 21, 28, 37
b
Muscle cramps
9, 19, 25, 26, 37, 46, 55, 56
Muscle pain/stiffness
9, 19, 20, 21, 25, 26, 37, 44, 46, 55, 56
Muscle twitchesb
14, 15, 22, 23, 24
Muzzy/foggy/not clear- 5, 8, 19, 25, 26, 28, 29, 31, 37, 42, 46
headed
Nausea/vomiting/upset 2, 4, 5, 6, 9, 10, 14, 15, 19, 20, 21, 25, 26,
stomach
37, 45, 46, 55, 56
Numbing or tingling in 21
extremities

Symptom or sign

Studiesa

Numerical Stroop taskb
Problem solving tasks
Reaction time
Restlessb
Rhinorrhea
Ringing in earsb
Self-confidence
Shaky/weaknessb
Symbol copy testb
Tapping speed
Thirst/thirstyb
Tiredness/fatigue
Total mood disturbance
Unmotivated for work
Urinary epinephrine or
norepinephrine
Yawning
Visual vigilance

9
19
9, 17, 28, 41, 55
21, 22, 23, 24
5, 6, 9, 19, 21, 25, 26, 37, 46, 55, 56
14, 15, 22, 23, 24
17, 18, 19, 22, 25, 26, 29, 37, 55, 56
22, 23, 24
20
17, 20, 28, 29, 55
17, 18, 29, 31, 42
10, 22, 27, 31, 37, 42
10, 25, 33, 37, 41, 46
14, 19, 25, 26, 28, 37, 46, 55
3
5, 25, 26, 37, 46
20, 21

a

Numbers in table refer to the entry number in Tables 1 and
2bSymptom or sign was not documented in any study
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