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Abstract
Caffeine effects on arousal and cognition were assessed in relation to habitual caffeine intake. After drinking either
decaffeinated coffee or decaffeinated coffee plus 300 mg caffeine, 22 heavy caffeine consumers (HCCs) and 26 light caffeine
consumers (LCCs) were examined on various cognitive, autonomic, and anxiety measures. In LCCs only, caffeine
significantly improved performance of the Wisconsin Card Sorting Test, and significantly increased state anxiety scores.
Caffeine significantly increased spontaneous skin conductance responses in HCCs and LCCs alike. The HCCs and LCCs
did not differ on measures of trait anxiety or neuroticism. Results are discussed in terms of the cognitive enhancing and
nonspecific arousing effects of caffeine in relation to caffeine tolerance.
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Effects of caffeine on cognitive and autonomic

measures in heavy and light caffeine consumers

Caffeine is the most widely used and accepted

psychoactive drug in the world. In the USA,

estimates of the daily amount of caffeine consumed

range from 3 to 7 mg/kg (Barone & Roberts, 1996),

and yearly consumption of more than 10 kg/person

has been recorded in some Scandinavian countries

(D’Amicis & Viani, 1993; Gilbert, 1976). Popular

beverages such as coffee, tea, and cola drinks are

consumed both for their flavour and for the mild

psychostimulant effects of the drug they contain

(Daly, 1998). The ubiquitous nature of caffeine

raises questions as to caffeine’s physiological and

cognitive actions as well as the motives for habitual

caffeine use.

Relief of withdrawal has been proposed as a

common motive for habitual ingestion of caffeine

(Daly & Fredholm, 1998; Garrett & Griffiths, 1998;

Hughes, Oliveto, Bickel, Higgins, & Badger, 1993;

Nehlig, 1999). Minor signs of physical dependence

can develop after just three consecutive days of

moderate caffeine consumption (300 mg/day)

(Evans & Griffiths, 1999). Withdrawal signs may be

evident when regular caffeine consumers are re-

quired to be caffeine abstinent for only a few hours

past their normal overnight abstinence (Lane, 1997;

Phillips-Bute & Lane, 1998; Rogers & Dernoncourt,

1998), with headache and fatigue being the most

prominent and persistent symptoms (Heishman &

Henningfield, 1992; Hughes et al., 1993; Richard-

son, Rogers, Elliman, & O’Dell, 1995). Failure to

control for habitual level of caffeine consumption

may have contributed to the somewhat mixed

findings from previous research on the cognitive

and psychomotor effects of caffeine. Many studies

have reported caffeine-related enhancement of per-

formance (Bättig & Buzzi, 1986; Hindmarch,

Quinlan, Moore, & Parkin, 1998; Kenemans &

Verbaten, 1998; Rees, Allen, & Lader, 1999; Robelin

& Rogers, 1998; Smith, Kendrick, Maben, &

Salmon, 1994; Warburton, 1995; also see review by

Rusted, 1994), whereas other studies have reported

no significant improvement (Edwards, Brice, Craig,

& Penri-Jones, 1996; Hertz, 1999; James, 1998;

Loke, 1988, 1990) or even a decrement in perfor-

mance following caffeine (Erikson et al., 1985;

Foreman, Barraclough, Moore, Mehta, & Madon,

1989). James (1997) cautions that some of the
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reported facilitation effects of caffeine may in fact be

restoration effects following the reversal of caffeine

withdrawal.

One of us (Lyvers) has previously used certain

cognitive and autonomic correlates of prefrontal

cortical functioning to characterise the acute and/or

chronic effects of various abused drugs, including

alcohol (Lyvers & Maltzman, 1991a,b), nicotine

(Lyvers, Maltzman & Miyata, 1994, Lyvers &

Miyata, 1993), and methadone (Lyvers & Yakimoff,

2003). Measures included the Wisconsin Card

Sorting Test (WCST) and a psychophysiological

paradigm assessing skin conductance responses

(SCRs). Although each drug produced a unique

profile of changes on these measures, findings were

generally consistent with the notion that acute

(alcohol) or chronic (nicotine, methadone) use of

these drugs may significantly alter indices of

prefrontal cortex functioning. For example, in social

drinkers a moderate dose of alcohol [0.05% blood

alcohol level (BAL)] selectively increased the

percentage of WCST perseverative errors (Lyvers

& Maltzman, 1991b), reflecting the tendency to

persist with a previously reinforced but currently

inappropriate sorting strategy. This measure is

particularly sensitive to acute frontal lobe damage

or dysfunction (Bornstein, 1986; Drewe, 1974;

Heaton, Chelune, Talley, Kay, & Curtiss, 1993;

Malloy & Richardson, 1994; Milner, 1964; Moun-

tain & Snow, 1993; Stuss et al., 1983). By contrast,

nonperseverative errors were unaffected by alcohol.

In heavy smokers, 12 hrs of nicotine abstinence

selectively increased percent perseverative errors

without affecting nonperseverative errors, whereas

smoking a cigarette restored WCST performance to

nonsmoker levels. A mesocortical dopaminergic

mechanism of such drug effects has been proposed

(Lyvers, 2000). The present study sought to

determine whether a moderate dose of caffeine

might also affect cognitive and autonomic correlates

of prefrontal cortical functioning in a selective

manner. Given the previous findings that such

indices were mildly disrupted by short-term absti-

nence rather than intoxication in heavy smokers and

in chronic users of methadone, the responses of

heavy and light coffee consumers to caffeine were

compared to determine whether chronic high intake

of caffeine might be associated with a different

response to the drug (such as acute tolerance or

relief of withdrawal deficits) than would occur in

light users.

Although the WCST has not previously been

used to examine caffeine’s effects on cognition,

another test that is sometimes regarded as a

‘‘frontal lobe’’ task, the Stroop Colour –Word Test

(SCWT), has been used in several caffeine studies.

The SCWT places high demands on participants

to selectively focus on one type of information

while simultaneously ignoring another (MacLeod,

1991). Results from caffeine studies using the

SCWT have been mixed, with caffeine resulting

in improvement (Hasenfratz & Bättig, 1992; Kene-

mans, Wieleman, Zeegers, & Verbaten, 1999; Patat

et al., 2000; Riedel et al., 1995), hindrance

(Foreman et al., 1989), or no significant effect on

performance (Edwards et al., 1996). The present

study compared heavy and light caffeine users on

caffeine-related SCWT performance in an attempt

to resolve such discrepancies from previous work,

in light of the hypothesis of James (1997), cited

earlier.

Evoked and spontaneous SCRs were also com-

pared across caffeine user groups and consumption

conditions to determine whether caffeine would

affect such measures in line with previous findings

for alcohol (Lyvers & Maltzman, 1991a) and

nicotine (Lyvers & Miyata, 1993). Caffeine levels

as low as those typically present in one cup of coffee

have been shown to increase autonomic nervous

system activity, resulting in a number of behavioural

and physiological changes (Quinlan, Lane, &

Aspinall, 1997). The latter include cerebral vaso-

constriction (Mathew & Wilson, 1985), decreases in

peripheral skin temperature (Bruce, Scott, Lader, &

Marks, 1986; Quinlan et al., 1997), and increases in

systolic blood pressure (Cameron, Modell, &

Hariharan, 1990), startle eyeblink responses (An-

drews, Blumenthal, & Flaten, 1998),

electroencephalogram (EEG) signs of arousal

(Bruce et al., 1986; Bruce, Scott, Shine & Lader,

1992; Newman, Stein, Trettau, Coppola, & Uhde,

1992), and tonic skin conductance levels (SCL) as

well as SCR amplitude and frequency (Bruce et al.,

1986; Davidson & Smith, 1991; Zahn & Rapoport,

1987). Given these previous findings, nonselective

psychophysiological effects of caffeine were antici-

pated in the present study in line with the drug’s

hypothesised nonspecific enhancement of auto-

nomic arousal.

Finally, the present study provided an opportunity

to examine the possible role of anxious personality

traits in caffeine consumption. Because persons with

high levels of neuroticism (Meyer, 1996) or patho-

logical anxiety (Boulenger, Uhde, Wolff, & Post,

1984; Bruce & Lader, 1986; Charney, Heninger, &

Jatlow, 1985) have been reported to suffer anxiogenic

effects of caffeine consumption, we tentatively

expected that such individuals would tend not to

be heavy caffeine consumers. We also anticipated

that light caffeine users would tend to report an

anxiogenic response to 300 mg caffeine, whereas

heavy caffeine users would not, due to differences in

either dispositional or acquired tolerance to such

effects.
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Method

Participants

The subjects were 48 paid volunteers (20 male and

28 female), including 22 heavy caffeine consumers

(HCCs), defined as persons who usually consume a

minimum of 400 mg caffeine per day, and 26 light

caffeine consumers (LCCs), defined as persons who

normally consume no more than 500 mg caffeine per

week from all sources. The HCC and LCC groups

were defined in accord with previous recommenda-

tions for standardisation of such groups in caffeine

studies (Bruce & Lader, 1986). To determine their

habitual level of caffeine consumption, participants

were first interviewed by telephone and subsequently

completed a caffeine use questionnaire. Once classi-

fied as HCC or LCC, assignment to caffeine or

placebo condition was random. This resulted in 11

HCCs given caffeine, 11 HCCs given placebo, 13

LCCs given caffeine, and 13 LCCs given placebo. A

fully between-subjects design was employed because

of the strong effects of repeated testing on both

WCST performance (Lyvers & Maltzman, 1991b)

and SCRs (Lyvers, Boyd, & Maltzman, 1988), which

would likely obscure caffeine effects or complicate

their interpretation. To qualify for inclusion in the

study, participants were required to (a) be between

the ages of 18 to 35 years; (b) be nonsmokers, to

avoid nicotine effects on WCST and SCR measures

(Lyvers & Miyata, 1993; Lyvers et al., 1994); (c)

report typical caffeine intake that met the above

criteria for either HCC or LCC; (d) have no prior

history of treatment or arrest for illicit drug- or

alcohol-related problems; and (e) normally consume

no more than 14 standard alcoholic drinks per week.

To recruit subjects, flyers were posted on the

campuses of Bond and Griffith-Gold Coast Uni-

versities and an email request was sent to all Bond

students. Additionally, articles in two local news-

papers explained the study and called for volunteers.

Subjects were paid $20 for their participation in this

study, which was approved by the Human Research

Ethics Committee of Bond University. Spontaneous

SCR data were missing from three subjects (one

LCC/caffeine male subject; two LCC/placebo female

subjects) due to computer errors, leaving data from

45 subjects for analysis of spontaneous SCRs. One

male LCC/placebo subject was colourblind and

hence was unable to perform the WCST and Stroop

tests, leaving 12 LCC/placebo subjects for the

neuropsychological phase of the study.

Materials

Psychophysiological measurement. The Bioview series

V recording system (Zencor, Melbourne, Vic.,

Australia) was utilised to measure participants’

SCRs. All measurements were recorded and saved

by an IBM-compatible computer. Silver/silver

chloride SCR electrodes were attached to the

middle and fourth fingers of each subject’s non-

preferred hand via velcro straps. A 10-min cassette

recording of three distinct tones was played at

approximately 60 dB through a Sony mini hi-fi

system. The stimuli evoking SCRs were a 1000-Hz

tone presented 42 times, and a 2000-Hz tone and

500-Hz tone, which were each presented 7 times.

The tones occurred in a random order and the

inter-stimulus interval (ISI) varied from 8 to 12 s.

The largest increase of at least 0.05 mS that

occurred within a response window of 1 – 5 s after

each tone was defined as the evoked SCR. A count

of spontaneous SCRs, defined as increases in

conductance of at least 0.25 mS, was taken during

the final 10 min of the electrode stabilisation

period before tones were presented, as a measure

of nonspecific arousal.

Questionnaires. The following questionnaires were

administered to all subjects: (a) the Eysenck

Personality Questionnaire Revised (EPQ-R) (Ey-

senck & Eysenck, 1991), which measures the

personality traits of extraversion and neuroticism;

(b) the Spielberger Trait/State Anxiety Inventory

(STAI) (Spielberger, Gorsuch, Lushene, Vagg, &

Jacobs, 1983), which assesses both acute (state)

and stable (trait) anxiety; and (c) the Beck Anxiety

Inventory (BAI) (Beck & Steer, 1993), which is

another index of trait anxiety, because BAI scores

are significantly correlated with other reliable and

valid anxiety measures (Beck & Steer, 1991, 1993;

Osman, Barrios, Aukes, Osman, & Markway,

1993).

Wisconsin Card Sorting Test – computer version. This

neuropsychological test targets the ability to identify

relevant abstract categories and to shift response

strategies according to changing demands. It is often

used to diagnose frontal lobe dysfunction (Anderson,

Damasio, Jones, & Tranel, 1991; Bornstein, 1986).

Brain imaging studies indicate that the prefrontal

cortex is the primary area activated during this test

(Berman et al., 1995; Smith, Perdices, O’Sullivan,

Large, & Barrett, 1997). The computer version of the

WCST (Heaton et al., 1993), used in the present

study, places the same requirements on subjects as

the manual version and provides a number of

performance measures. For the purposes of the

present study, the following measures were used:

percentage of total responses that were errors

(%TE); percentage perseverative errors (%PE), the

percentage of responses that were errors due to

perseveration (i.e., using a previously correct but

currently inappropriate sorting strategy); and per-
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centage nonperseverative errors (%NPE), the per-

centage of responses that were errors not due to

perseveration. The %PE served as the criterion index

of frontal lobe functioning (Mountain & Snow,

1993), with %NPE serving as a control for non-

specific effects.

Stroop Colour –Word Test. In line with Stroop’s

original conceptual framework (Henik, 1996), the

Stroop effect (SE) was measured as the difference in

colour naming reaction time between a control of

coloured x strings and colour words printed in

incongruent colours. Stimuli were presented in 4

columns and 12 rows, evenly spaced on white, A3-

size sheets. Lowercase words or x strings were

printed in size 52 serif font (Times New Roman).

Four display colours were used for each condition

(red, blue, green, pink). Condition A was a control

condition with x strings printed equally often in each

of the four colours. Condition B used four words

naming colours (red, blue, green, pink); however, the

words were printed only in incongruent colours.

This led to 12 different possibilities of word/colour

presentations for Condition B, with each being

presented four times. For both conditions the x

strings and incongruent coloured words were coun-

terbalanced across columns and rows as much as

possible.

General procedures

The 2-hr experimental session was conducted

individually in a quiet, air-conditioned room. Ap-

pointments were scheduled for commencement

between 8:00 am and 11:00 am. Prior to their

appointment time, participants were told to abstain

from caffeine, alcohol, and illicit drugs for 15 hr, and

food for 3 hr. Upon their arrival, all participants were

intensively queried about their adherence to the

abstinence requirements. A breathalyser was used to

determine that no alcohol had been recently con-

sumed. No violations of any abstinence requirement

were indicated.

Participants completed a form assessing the

amount and sources of caffeine that they would

typically consume in a week. After reading and

signing an informed consent form, they were

randomly assigned to receive either caffeine or

placebo. All participants were blind to their

experimental condition, and drank two cups of

instant decaffeinated coffee in a 15-min period.

Those in the caffeine condition had 300 mg

caffeine added to their drinks (150 mg/cup).

Participants then had SCR electrodes attached to

the middle and fourth fingers of their nonpreferred

hand by way of velcro straps. A 30-min electrode

stabilisation/caffeine absorption period then ensued

during which participants were instructed to keep

their nonpreferred hands palms down and be as

still as possible to prevent electrolyte leakage.

During this time participants completed the BAI,

the EPQ and the STAI, after which they had the

option to read a magazine. Absorption of caffeine

from the gastrointestinal tract is virtually complete

after 45 min, and peak plasma levels occur within

2 hr (Feldman, Meyer & Quenzer, 1997; Julien,

1996), hence active levels of caffeine were assumed

to be maintained throughout the testing phase.

Spontaneous SCRs were recorded during the last

10 min of the absorption period.

Participants then listened to the tone series.

They were instructed to press the spacebar on the

computer once whenever the signal tone was

played, which was either the 500-Hz or 2000-Hz

tone depending on their counterbalancing sub-

group. A preview of all three tones was given

before commencement of the 10-min recording

period. One of the infrequent tones was a signal

stimulus, whereas the other infrequent tone was a

novel nonsignal stimulus, allowing independent

measurement of SCRs evoked by stimulus novelty

and stimulus significance. Following measurement

of SCRs, participants performed the computerised

version of the WCST. The last task for the

participants was the SCWT. Participants were

instructed to name the colour that each stimulus

was printed in as quickly as possible. The order of

naming was from left to right column across the

page, and from top to bottom row. Participants

were told that accuracy was crucial, therefore if a

colour was wrongly named, either self-correction or

correction on prompting was required before

proceeding further. After receiving their instruc-

tions each participant was instructed to stand 1 m

from where their first stimulus sheet was placed,

covered from their view by a sheet of paper. On

the start signal from the experimenter the subject

began to identify the colours aloud. Each partici-

pant performed both conditions in this fashion,

thus making a total of 96 colour identifications.

Response times were recorded using a digital

stopwatch with 0.01 s accuracy. Counterbalancing

of conditions (control and incongruent) was used

to control for practice effects.

Results

Data were analysed using the Statistical Package for

the Social Sciences (SPSS) Version 10.00 for

Windows (SPSS Inc., 1999). As expected, chi-

square and one-way analyses of variance (ANOVA)

revealed no significant differences between groups

on the demographic variables (age, gender, body

weight and years of education).
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Caffeine and Wisconsin Card Sorting Test performance

A between-subjects multivariate analysis of variance

(MANOVA) was performed on the three selected

WCST performance measures, %TE, %NPE, and

%PE. Independent variables were typical caffeine

consumption (HCC/LCC) and condition (caffeine/

placebo). The WCST variables were subjected to

square root transformations prior to analysis in order

to meet statistical assumptions. Mean untransformed

group scores are displayed in Table I.

Caffeine subjects made a lower percentage of

errors overall (%TE) (M=18.19) than did placebo

subjects (M=26.23), F(1,43) = 4.30, p= .04. Caf-

feine condition did not significantly influence scores

on the remaining WCST measures. However, the

interaction between typical caffeine consumption

and caffeine condition was significant for all three

measures: %TE, F(1,43) = 6.37, p= .015; %NPE,

F(1,43) = 4.19, p= .047; and %PE, F(1,43) = 5.42,

p= .025 (see Table I for the untransformed group

means). Observed power was moderate at .694, .517

and .624, respectively. Tukey post hoc analysis

revealed that LCC subjects’ performance was sig-

nificantly superior on each WCST measure in the

caffeine condition compared to the placebo condi-

tion. No other comparisons were significant.

Caffeine and Stroop Colour –Word Test performance

A between-subjects ANOVA was conducted with SE

as the dependent variable. Independent variables

were typical caffeine consumption (HCC/LCC) and

condition (caffeine/placebo). Results are presented

in Table II. No significant main effects were found.

The interaction approached significance, F(1,

43) = 3.31, p= .08, reflecting a trend (see Table II)

towards LCCs performing better on caffeine than on

placebo.

Typical caffeine consumption in relation to anxiety and

neuroticism

Planned independent t tests were conducted to

examine habitual caffeine use in relation to trait

anxiety and neuroticism. The independent variable

was typical caffeine consumption (HCC/LCC) and

dependent variables were trait anxiety, as measured

by STAI and BAI scores, and neuroticism as

measured by the EPQ-R. Group means are shown

in Table III. Contrary to predictions, no significant

differences were found between LCCs and HCCs on

measures of trait anxiety or neuroticism.

Anxiogenic effect of acute caffeine consumption

The expected significant interaction between typical

caffeine consumption and caffeine condition was

found using ANOVA on the STAI-S, F(1,44) = 4.46,

p= .04. As predicted, LCCs given caffeine reported

significantly higher state anxiety (M=39) than LCCs

given placebo (M=30.42), t(24) = 1.79, p= .04

(one-tailed). By contrast, HCCs did not significantly

differ in state anxiety between caffeine (M=31.18)

and placebo (M=35.91) conditions.

Caffeine and evoked skin conductance responses

Evoked SCR data were subjected to a mixed

ANOVA, with typical caffeine consumption and

condition as between-subject variables and tone

stimulus (signal, novel nonsignal, common non-

signal) and trial block (1 – 7) as within-subject

variables. The dependent variable was evoked SCR

magnitude. Due to the positive skew of the SCR

data, square root and logarithmic transformations

were performed. However, these transformations

had no significant impact on the results. The

Table I. WCST scores for HCC and LCC on caffeine (300 mg) versus placebo

LCC HCC

Caffeine Placebo Caffeine Placebo

WCST measure (n=13) (n=12) (n=11) (n=11)

%TE 15.39 32.92 21.00 19.55

%PE 7.69 16.83 11.00 10.27

%NPE 7.54 15.92 10.00 9.27

Note: WCST=Wisconsin Card Sorting Test; HCC=heavy caffeine consumer; LCC= light caffeine consumer; %TE=percentage total

errors; %NPE=percentage nonperseverative errors; %PE=percentage perseverative errors.

Table II. Stroop effect as a function of typical caffeine consump-

tion and caffeine versus placebo

Group Condition SE (s)

Light caffeine Caffeine (n=13) 13.84

consumers Placebo (n=12) 22.00

Heavy caffeine Caffeine (n=11) 19.31

consumers Placebo (n=11) 18.06

Note. SE=difference between control and incongruent stimulus

conditions.
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conservative Greenhouse –Geisser correction was

used to test within-subject effects. Although there

was the expected overall main effect of type of tone

stimulus on evoked SCR magnitude, there were no

effects of typical caffeine consumption or condition,

and no interactions.

Caffeine condition and spontaneous skin conductance

responses

A between-subjects ANOVA with typical caffeine

consumption and condition as independent variables

revealed a significant effect of condition on sponta-

neous SCRs, F(1,43) = 5.59, p= .03. Participants

who consumed caffeine exhibited significantly more

spontaneous SCRs (M=13.75) than those who

received placebo (M=6.19). There was no effect of

typical caffeine consumption and no interaction.

Discussion

Unexpectedly, performance of LCCs on the WCST

was significantly better after caffeine than after

placebo, whereas HCCs showed no difference in

performance between conditions. The nonselective

effect on both perseverative and nonperseverative

types of errors suggests a nonspecific cognitive

enhancing effect of the drug in LCCs rather than a

specific effect on cognitive processes mediated by

the prefrontal cortex. The absence of any apparent

effect of caffeine on WCST performance in HCCs

suggests simple tolerance without abstinence or

restorative effects, and can be contrasted with the

restorative effects of nicotine on WCST perfor-

mance in heavy smokers (Lyvers et al., 1994). The

present findings thus did not support the hypothesis

in James (1997) that improvement in performance

following caffeine is generally due to reversal of

withdrawal-induced deficits. Other recent evidence

appears to be consistent with the present findings

(see Rogers, Richardson, & Dernoncourt, 1995).

Perhaps only the most extreme caffeine consumers

would show a withdrawal-related deficit in perfor-

mance that is improved by caffeine. In any case, in

the present study, a moderate dose of caffeine

appeared to have a nonspecific cognitive enhancing

effect in LCCs only.

Positive effects of caffeine on performance have

most often been shown when performance was

already degraded by factors such as fatigue, old

age, or alcohol (van der Stelt & Snel, 1998). Given

that participants in the present study were normal,

healthy, young volunteers, their cognitive perfor-

mance was likely to have been close to optimum.

White (1998) suggests that in such a sample there is

little scope for improvement. However, the present

findings for LCCs on the WCST suggest otherwise.

This may be related to the cognitive task used in the

present study. The WCST appears to be especially

sensitive to drug effects, as indicated by previous

work (Lyvers & Maltzman, 1991b; Lyvers et al.,

1994; Lyvers & Yakimoff, 2003; Till & Lyvers,

2000), and caffeine may affect any of a number of

cognitive skills used on such a complex task as the

WCST. Arnett et al. (1994) suggest that such skills

include ‘‘selective, sustained, or divided attention;

working or long-term memory; or speed of informa-

tion-processing’’ (p. 424). However, the selective

attention task used in the present study, the SCWT,

showed no significant effect of caffeine. Although

only approaching significance, the same trend was

evident as with the WCST, that is, performance in

LCCs, but not HCCs, appeared to be better on

caffeine than placebo. As mentioned above, previous

studies of caffeine and SCWT performance have

yielded mixed results, suggesting that this task may

not be as sensitive as the WCST to drug effects.

Thus Lyvers and Yakimoff (2003) found significant

effects of methadone on the WCST but not the

SCWT, similar to the present results.

The SCR findings from the present study were

also somewhat mixed but were partially consistent

with a nonspecific arousing effect of caffeine.

Although the evoked SCR paradigm replicated the

robust finding of differential effects of novel versus

signal tones on SCRs (Maltzman, 1979), caffeine did

not significantly affect tone-evoked SCRs in the

present study. However, the frequency of sponta-

neous SCRs was increased following caffeine

ingestion in both HCC and LCC groups alike,

consistent with a general caffeine-induced increase in

nonspecific autonomic arousal that is relatively

unaffected by tolerance. Similar results were re-

ported by Zahn and Rapoport (1987), who observed

Table III. Anxiety and neuroticism in HCC and LCC

Group STAI-S STAI-T BAI EPQ-N

HCC (n=22) 33.55 40.82 10.59 13.14

LCC (n=26) 35.04 37.08 8.19 12.08

Note. HCC=heavy caffeine consumer; LCC= light caffeine consumer; STAI-S= state anxiety as measured by Spielberger Trait/State

Anxiety Inventory (STAI); STAI-T= trait anxiety as measured by STAI; BAI= anxiety as measured by Beck Anxiety Inventory; EPQ-

N=neuroticism as measured by Eysenck Personality Questionnaire Revised.
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that caffeine increased electrodermal activity in both

heavy and light users alike. Skin conductance level

has also been consistently shown to increase follow-

ing caffeine (Bruce et al., 1986; Bruce et al., 1992;

Davidson & Smith, 1991).

Contrary to predictions of lower caffeine use in

anxiety-prone individuals, no significant differences

were found between HCC and LCC groups on

measures of anxiety or neuroticism. This supports

the assertion of Bättig (1985) that personality and

anxiety are poor predictors of caffeine consumption.

Other recent work also reported no relationship

between trait anxiety and caffeine consumption

(Stewart, Karp, Pihl, & Peterson, 1997). The present

study did, however, find that caffeine significantly

elevated STAI-S scores in LCCs only. Thus caffeine

increased state anxiety in LCCs but had no effect on

state anxiety in HCCs, presumably due to either

dispositional or acquired caffeine tolerance. By

contrast, caffeine increased spontaneous SCRs, an

autonomic index of arousal, in HCCs and LCCs

alike. The same pattern of comparable autonomic

but differential anxiogenic caffeine effects in heavy

and light users was previously reported by Zahn and

Rapoport (1987). Newman et al. (1992) found that

7 mg/kg caffeine increased anxiety in normal subjects

who had not consumed caffeine for at least 2 weeks,

whereas Quinlan et al. (1997) reported decreased

anxiety following ingestion of caffeine and subse-

quent alleviation of withdrawal symptoms in heavy

users who had abstained from caffeine. The present

study, however, observed only caffeine-related in-

creases in anxiety, and only in LCCs, similar to the

findings of Zahn and Rapoport (1987).

In summary, the present findings suggest that

caffeine may act as a mild, nonspecific cognitive

enhancer in LCCs. Frequent caffeine use may offset

any immediate beneficial effects of caffeine ingestion

on cognition, but does not appear to be associated

with significant withdrawal-related cognitive deficits

in typical HCCs. Anxiogenic effects of caffeine were

indicated in LCCs but not in HCCs, suggesting

tolerance to such effects in the latter group –

especially given the absence of trait differences in

anxiety or neuroticism between LCCs and HCCs in

the present sample. If LCCs had exhibited higher

levels of trait anxiety or neuroticism than HCCs,

such individual differences could have predisposed

LCCs to an anxiogenic caffeine response (Boulenger

et al., 1984; Bruce & Lader, 1986; Charney et al.,

1985; Meyer, 1996), but the present results clearly

favour a tolerance interpretation. In marked contrast

to the cognitive and anxiogenic effects of caffeine,

autonomic SCR responses to caffeine were similar in

HCCs and LCCs, with no indication of tolerance.

The nature of the apparent dissociation between

autonomic and ‘‘higher’’ effects of caffeine in

relation to habitual caffeine use is an issue to be

addressed in future caffeine studies.
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