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ROSE.J E AND F M BEHM. Psvchophysiological interactions benveen caffeine and mcotine PHARMACOL BIOCHEM BE-
HAV 38(2) 333-337, 1991 —The interactive effects of caffeine and nicotine were studied 1n twelve subjects. Mood and physio-
logic responses to the pharmacologic components nicotine and caffemne were measured, while controlling for the sensory/behavioral
aspects of smoking and coffee drinking Two experimental sessions presented a caffeine X nicotine design, with caffeinated or de-
caffeinated coffee followed at thirty-minute ntervals by controlled inhalations of nicotine and nonnicotine smoke Results showed
that there was a significant interactive effect of caffeine and nicotine on subjective arousal such that nicotine decreased arousal only
in the presence of caffeine These findings extend previous work showing interactive effects of caffeine and seif-titrated doses of
cigarette smoke 1n affecting subjective arousal The effects of nicotine on subjective arousal may, therefore, depend not only on
nicotine dose, but also on the presence of caffemne Heart rate was increased by nicotine and both systolic and diastolic blood pres-
sures were elevated by caffeine Caffeine also potentiated the increase in diastolic blood pressure resulting from smoke nhalations,

but this occurred wrespective of nicotine dose
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Cardiovascular

CAFFEINE and mcotine are two of the most ubiquitous drugs
used 1n society, and they are frequently consumed together Epi-
demiologic and laboratory studies suggest that the concurrent ad-
munistration of nicotine (usually 1n cigarette smoke) and caffeine
(usually in coffee) is not merely coincidental. Cigarette smokers
consume more coffee than nonsmokers, and cigarettes tend to be
preferentially consumed during coffee dnnking (7, 8, 14). One
possible factor accounting for this link between cigarette and cof-
fee consumption 1s the shorter half-life of caffeine in smokers,
requining a greater dose of caffeine to produce a given effect (3).
However, this factor alone does not account for the temporal con-
tiguity between coffee and cigarette consumption (14). A second
explanation 1s that the same factor triggers both behaviors, e.g .
stress or work breaks A third explanation 1s that caffeine and
nicotine interact pharmacologically such that an effect 15 obtained
from combined use that 1s different from that obtained from ei-
ther alone In a previous study (15), we found that cigarette
smoking prevented the increase in subjective arousal caused by
prior admimstration of 150 mg caffeine. If caffeine affects the
response to micotine, then an investigation of possible mecha-
nisms may reveal factors which contribute to the maintenance of
cigarette smoking and which may lead to relapse after smoking
cessation

The present study was designed to extend the findings of our
previous study in two ways. The prior study allowed subjects to
adjust their own smoke 1ntake, and, therefore, more nicotine may

have been inhaled in the caffeinated coffee condition. Indeed,
changes 1n expired CO levels after smoking were higher in the
caffeine condition, indicating greater smoke inhalation (2). Thus
the differential effect of smoking after caffeinated as opposed to
decaffeinated coffee administration may have been due to a bi-
phasic dose-response effect of nicotine, with low doses of nico-
tine increasing arousal and higher doses exerting a sedative effect
(1). The prior study also compared the effects of smoking with a
no-smoking control condition; hence, this manipulation of nico-
tine delivery did not control at all for the sensory and behavioral
aspects of smoking. Therefore, 1n the present study we compared
the effect of controlled inhalations of nicotine-containing smoke
with 1nhalations of nonnicotine smoke

METHOD
Subjects

Twelve smokers (7 women, 5 men), with a mean age of 42.2
years (s.d. = 15.54), were recruited from local community news-
paper advertisements. To be eligible for the study, subjects had
to report smoking at least 20 cigarettes and drinking at least 3
cups of caffeinated coffee per day. Subjects reported smoking an
average of 26.5 cigarettes per day (s.d. = 8.29), having an esti-
mated nicotine dehvery (by FTC analysis) of 1.0 mg (sd =0 2).
Subjects’ average total daily intake of caffeine from brewed cof-
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FIG 1 Apparatus used to present controlled puff and mhalation volumes
of cigarette smoke.

fee, instant coffee, tea and/or caffeinated colas was 641 mg
(s.d. = 182 mg), corresponding to 5-6 cups of strong brewed caf-
fernated coffee The Fagerstrom tolerance questionnaire was ad-
mimstered over the telephone to assess subject’s nicotine
dependence. The Eysenck Personality Inventory (5) was also ad-
munustered tn the first session, m order to assess extraversion and
neuroticism, two personality dimensions which have been reported
to correlate with caffeine and nicotine effects (4). Subjects were
told that the purpose of the study was to examine 1nteractions be-
tween coffee and cigarettes, and were paid $8/h for their partici-
pation.

Apparatus

The controlled volumes of cigarette smoke, diluted 1n air, were
administered through a mouthpiece protruding from an opaque
screen. A Marlboro cigarette was used in the nicotine-containing
smoke conditions, and a Triumph tobacco-free cigarette was used
in the nonnicotine control conditions. Prior to each of the 15
puffs delivered in both conditions, a one-liter bag was mechani-
cally inflated with a measured volume of air from a pressurized
air tank. A 35 cc puff from either a Triumph or a Marlboro cig-
arette was then drawn into a plastic syringe, half of the volume
of smoke was expelled, and the remaining 17.5 cc was 1njected
into the bag (see Fig. 1). To munimize smoke deposition or co-
agulation of smoke particulates 1n the apparatus, subjects were
immediately asked to inhale the smoke/air mixture from the mouth-
piece and hold their breath 3 s. The use of a relatively small puff
volume and the dilution with air were necessary to mimimize sub-
Jects’ ability to distinguish between the sensory cues of the Tn-
umph and the Marlboro smoke. Based on published values for the
mcotine delivery of the tobacco cigarette used, the 15 mhalations
would have delivered a maximum of 0.75 mg nicotine, which is
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comparable to that usually obtained from smoking a typical ciga-
rette. The actual nicotine dose delivered was probably somewhat
less than 0 75 mg due to some nicotine and smoke particulates
being deposited on the walls of the apparatus.

Coffee Preparation

Caffeinated coffee was prepared by adding 15 cc of a solution
containing 150 mg of caffemne base to a cup containing 150 cc of
decaffeinated coffee (98% caffeine free). The decaffeinated con-
dition presented a cup containing 150 cc of decaffemated coffee
The taste and aroma of caffeinated and decaffeinated coffee were
indistinguishable at this concentration (10)

Physiologic Measurements

Skin temperature. Skin temperature was taken by having the
subject hold a probe between the index finger and thumb of the
nght hand for 4 seconds, using a Digital Thermometer (Fisher
Model RTD with probe ranging from — 100 to 850°C).

Carbon monoxide analysis Expired air carbon monoxide (CO)
measurements were performed by having subjects hold their breath
for 15 seconds, discard the first portion of the expirate to elim-
nate dead space air, and blow into a balloon for analysis using an
Ecolyzer (Model 211) CO analyzer.

Heart rate Heart rate was measured by counting the radial
pulse for 1 minute

Blood pressure. Systolic and diastolic blood pressure readings
were taken manually using a sphygmomanometer.

Subjective Mood

The two main mood dimensions measured were Arousal and
Tension. Arousal was assessed with three stems taken from the
Profile of Mood States questionnaire (12) *awake,” *‘lively’
and (scored oppositely) “‘tired.”’ Tension was assessed with the
two 1tems “‘tense’’ and ‘‘jttery  For each item, subjects rated
themselves for how they felt ‘‘right now,” using a scale
ranging from O (*‘not at all’’) to 4 (*‘extremely’’). The sums of
the scores for all 1tems 1n a given dimension were used 1n the data
analyses.

Craving for Cigarettes

Craving for cigarette smoke was assessed using two items from
the Shiffman-Jarvik Smoking Withdrawal Scale (16): **Would you
like a cigarette?”” and *‘Do you miss a cigarette?”” Subjects used
a 0 to 4 scale for each item, and the scores were added to obtan
an overall rating of craving.

Sensory Evaluation Questionnaire

A puff rating sheet was used having 0 to 4 rating scales with
the following items ‘‘Flavor/aroma strength,”” ‘*Throat harsh-
ness,”” ‘*Strength n chest,”” ‘' Lightheadedness,’* **Satisfaction,”’
**Nicotine content *’

Procedure

Subjects were tested two at a time and each subject came to
the laboratory for two morning sessions. They were 1nstructed to
abstain from caffeine and nicotine since the previous might and
were told that upon arnival to the laboratory they would be tested
for both caffeine and nicotine, using saliva and breath samples.
On the day of the session, after giving their informed consent,
subjects filled out questionnaires evaluating their subjective mood
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Controlled Controlled
Coffee Smoke Smoke Cigarette
Presentation Inhalations Inhalatons Presentation
IXx___ /__1 /1 /__1
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M=Mood and Physiological Measurements

FIG 2 Tumeline showing sequence of events in the experimental ses-
s1ons

(see below), caffeine consumption and smoking habits, and the
Eysenck Personality Inventory was administered

Then subjects were given their first of seven sets of measure-
ments (see Timeline, Fig 2). Each set of measurements consisted
of a mood questionnaire, followed by measurement of skin tem-
perature, heart rate, blood pressure and expired air carbon mon-
oxide concentrations. Upon completion of the first set of
measurements, subjects drank a cup of coffee (either caffeinated
or decaffeinated coffee). After a 30-munute wait to allow for caf-
feine absorption, during which subjects sat quietly 1n the waiting
area with magazines and newspapers available, a second set of
measurements was taken. This was immediately followed by
smoke administration. Fifteen smoke inhalations were given, with
a 30-s interval between inhalations. Each set of inhalations was
administered using puffs from either a Triumph (nonmicotine) or
Marlboro (nicotine) cigarette, using the inhalation apparatus de-
scribed above (each puff being diluted with 1 liter air to minimize
the sensory cues) Measurement set No. 3 ensued, followed by
another 30-minute rest period. Smoking was not permitted during
the rest pertod, and subjects were told to restrict their interaction
by not talking with each other. After the 30 minutes, measure-
ment set No. 4 was administered, followed by another 15 inhala-
tions of either the Triumph or the Marlboro cigarette smoke,
whichever had not been admunistered during the first set of inha-
lation. Measurement No. 5 was taken immediately after the smoke
inhalations and was followed by another 30-minute rest. Then.
measurement set No. 6 was taken and both smokers were allowed
to smoke a Marlboro cigarette normally, without the use of any
apparatus. A final set of measurements (set No 7) was then taken.

On the second day, the same timeline was used but the caf-
feine condition was changed (caffeinated vs. decaffeinated). The
order of smoke type (Triumph/Marlboro vs. Marlboro/Triumph)
and coffee type was counterbalanced across subjects

Data Analysis

The main hypothesis of the study was that caffeine would
modulate the effect of nicotine on arousal. The effect of each set
of smoke inhalations on arousal was defined as the difference be-
tween pre- and postsmoking values of arousal, the immediate
change 1n arousal after smoke inhalation, as opposed to the final
level, was of pnmary interest because of possible carryover ef-
fects from the smoking condition presented 30 minutes earlier. A
2 (Nicotine) X 2 (Caffeine) ANOVA was conducted on this
change in arousal in the four different experimental conditions
(nicotine containing smoke/caffeinated coffee; nicotine containing
smoke/decaffeinated coffee; nonnicotine smoke/caffeinated cof-
fee; nonnicotine smoke/decaffeinated coffee). ANOVA’s were
also conducted on the effect of smoke inhalations on tenston and
physiological indices (heart rate, blood pressure and skin temper-

335

G5

00+

05 A

CHANGE IN AROUSAL AFTER SMOKING

CHANGE IN HEART RATE AFTER SMOKING

CHANGE IN DIASTOLIC BP AFTER SMOKING
(mm Hg)

DECAFFEINATED
COFFEE

CAFFEINATED
COFFEE

FIG 3 Change (=5 e m ) in self-reported arousal, heart rate, and dias-
tolic blood pressure after inhalations of nicotine-containing or nonnicotine
smoke, subjects having previously consumed caffeinated or decaffeinated
coffee Hatched bars micotine, solid bars nonnicotine

ature) The criterion for significance was alpha=0.0S. Pending a
significant interaction, simple main effects of nicotine 1n each
caffeine condition were evaluated (9).

Mood Variables

The analyses conducted on the change 1n arousal after smok-
ing showed a significant interaction between nicotine and caf-
femne, F(1,11)=6.06, p<0.03 As shown 1n Fig. 3, this was due
to the fact that the nicotine-containing smoke reduced subjective
arousal relative to the nonnicotine smoke 1n the caffeinated cof-
fee condition, but not 1n the decaffeinated coffee condition An
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analysis of the simple main effects of nicotine confirmed that
there was a significant effect of nicotine 1n the caffeinated coffee
condition (p<<(.02) but not 1n the decaffeinated coffee condition
(p=0 81). Mean arousal prior to smoking 1n the four conditions
was 4.4 (s.d.=2.11) for nicotine smoke/caffeinated coffee; 3 4
(s.d. =3.23) for nicotine smoke/decaffeinated coffee, 3 5 (s.d. =
2 68) for nonnicotine smoke/caffeinated coffee; and 4.0 (s.d. =
2.98) for nonnicotine smoke/decaffeinated coffee. These values
were not significantly different, as assessed by a Caffeine X Nic-
otine ANOVA (all p’s>0.05). Tension was not significantly af-
fected by nicotine or caffeine, and there was no interaction (all
p's>0.1)

Physiological Variables

Nicotine caused a significant elevation in heart rate of approx-
imately 5 bpm (see Fig. 3); F(1,11)=6.63, p<<0.03 for the main
effect of micotine. No effect of caffeine, F(1.11)=1.33, p=0.27,
or significant interactive effects of caffeine and nicotine, F(1,11)=
0.24, p=0.63, were detected Heart rate prior to smoke inhala-
tions was similar in all conditions and averaged 72 bpm (s.d. =
10.8) 1n the nicotine smoke/caffeinated coffee condition; 72 bpm
(s d =11.9) 1n the nicotine smoke/decaffeinated coffee condition;
74 bpm (s.d. = 11.0) in the nonmicotine smoke/caffeinated coffee
condition, and 75 bpm (s.d. = 13.1) 1n the nonnicotine smoke/de-
caffeinated coffee condition. These values did not differ sigmifi-
cantly from each other. The change 1n systolic blood pressure
showed no effect of either drug and no interaction (all p’s>0.5),
but the diastolic blood pressure response to smoke inhalations
was increased by caffeine [F(1,11)=6.49, p<<0.03 for the main
effect of caffeine, see Fig. 3]. There was no main effect of mco-
une, F(1,11)=0.39, p=0.55, and no caffeine X nicotine inter-
action, F(1,11)=0.1. p=0.76 Mean diastolic blood pressure
before smoking was 78 mmHg (s d = 12.7) in the nicotine smoke/
caffeinated coffee condition, 74 mmHg (s.d =10.6) in the nico-
une smoke/decaffeinated coffee condition, 80 mmHg (s.d. =8.83)
in the nonnicotine smoke/caffeinated coffee condition, and 75
mmHg (s.d. =9.8) in the nonnicotine smoke/decaffeinated coffee
condiion. An ANOVA conducted on these presmoking values
showed a highly sigmificant main effect of caffeine on diastolic
blood pressure, F(1,11)=9.83, p<0 01. There was no effect of
mcotine, F(1,11)=0 54, p=0 48, and no interaction, F(1,11)=
001, p=0.92. Systolic blood pressure was also elevated 1n the
caffeine condition prior to smoking [F(1.11)=7.99, p<0 02 for
the main effect of caffeine]. The change n skin temperature after
smoke inhalations was not affected by nicotine [F(1.11)=1.6,
p=0.23 for the main effect of nicotine], but there was a nonsig-
mificant trend for caffeine to potentiate the decrease 1n skin tem-
perature observed after smoke inhalations [F(1,11)=3 37, p=
0.09 for the main effect of caffeine]. There was no caffeine X
nicotine interaction, F(1,11)=2.18, p=0 17.

Efficacy of Controlled Smoke Inhalation System

Based on expired air CO measurements taken before and after
each set of smoke nhalations, the smoke delivery system was ef-
fective at equating smoke inhalation in the caffeinated and decaf-
feinated coffee conditions The mean rise in CO was 7 6 ppm in
the nicotine-caffeinated coffee condition and 7.2 ppm 1n the nic-
otine-decaffeinated coffee condition. The corresponding changes
in expired air CO for the nonnicotine smoke conditions were 6
ppm (caffeine) and 4.5 ppm (no caffeine). A Caffene X Nico-
tine ANOVA revealed a significant main effect for smoke type,
with the micotine-containing cigarettes delivering shghtly more
CO, F(1,11)=6 48, p<<0 03; there was no difference between
expired CO change n the caffeinated and decaffeinated coffee

ROSE AND BEHM

conditions, F(1,11)=1.48, p=0.25 and no caffeine X nicotine
mteraction, F(1,11)=0.63, p=0 44.

Sensory ratings of the strength and harshness of smoke 1n each
condition supported the view that a small puff volume and dilu-
tion of smoke 1n air minimized the disungwishability of the nico-
tine and nonnicotine smoke. None of the ratings of strength,
satisfaction, nicotine content or lightheadedness differed between
Marlboro and Triumph conditions (all p's>0.1). Moreover, the
reduction 1n reported craving (desire) for cigarettes was very sim-
ilar in all smoking conditions [F(1,11)=0, p=1.0 for the main
effect of nicotine; F(1,11)=0.43. p=0.53 for the main effect of
caffeine; and F(1,11)=2 90, p=0.12 for the caffeine X nicotine
interaction]

Personality

In the decaffeinated coffee condition, there was a significant
positive correlation (r=.58) between Eysenck Personality Inven-
tory scores for extraversion and the effect of nicotine on arousal
in the decaffeinated coffee conditions No significant correlations
were found for the effect of micotine in the caffeine condition.
Also, there was no significant correlation between extraversion
and the effects of caffeine on arousal, assessed as the difference
between self-reported arousal 1n the caffeinated and decaffeinated
coffee conditions, measured 30 minutes after coffee administra-
tion and before smoke administration.

Effects of Caffeine on Responses to Ad Lib Smoking

A comparnison of the effects of the Marlboro cigarette smoked
at the end of the session in the caffeinated and decaffeinated cof-
fee conditions was conducted, using paired t-tests. None of the
subjective or physiological changes showed an effect of caffeine
at this time, approximately 2Y2 h after caffeine admimstration.

DISCUSSION

The findings from this study replicate and extend our previous
results showing that, under at least a hmited range of circum-
stances, caffeine and nicotine interact in affecting subjective arousal
The present findings suggest that the arousal-reducing effects of
cigarette smoking in the presence of caffeinated vs. decaffeinated
coffee are not due solely to a higher dose of nicotine being taken
1 after caffeinated coffee, for smoke 1nhalations were controlled.
Moreover, the effects of smoking on arousal were not due solely
to sensorimotor factors, as these were equated by the use of a
nontobacco smoke control, 1n conjunction with smoke dilution to
mask the sensory differences between nicotine and nonnicotine
smoke. Therefore, the results support a pharmacological interac-
tion between the psychoactive constituents caffeine and nicotine
in the laboratory environment used. This environment was rela-
tively unstimulating, and 1t remains to be seen whether similar
interactive effects of nicotine and caffeine are observed in more
naturalistic environments or 1n situations generating high arousal.

Differential effects of nicotine on arousal, depending on pre-
existing state, have been reported previously by Mangan and
Golding (13) Measuring EEG activation, they found that nico-
tine exerted a stimulant effect when subjects were 1n a low arousal
situation, but had a depressant effect when subjects were 1n a
stressful condition. Neither nicotine dose nor sensory factors were
rigorously controlled in that study. Our results complement these
findings by showing that the presence of caffeine may modulate
the effects of nicotine n a similar fashion to other environmental
sources of arousal The positive correlation between extraversion
and the effects of nicotine on arousal support Eysenck’s theory
(4), which states that extraverts are cortically underaroused and
derive primarily a stimulant effect from nicotine Introverts are
hypothesized to derive a reduction n arousal from smoking Ey-
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senck and O’Conner (6) reported findings consistent with these
predictions. In contrast, 1n a study of individuals classified as ei-
ther smoking predominantly in high or low arousal situations,
Suraway and Cox (17) found no effects of smoking on arousal.
However, 1n that study, subjects were asked to abstain from caf-
feinated beverages. It may be worthwhile to examine the differ-
ent effects of nicotine on these types of smokers when they are
given caffeine.

The behavioral significance of the caffeine-nicotine interaction
reported here has not been 1dentified, and it 1s not known whether
it may help explan the frequently observed concurrent use of
caffeine and nicotine. Possibly, a cigarette-related decrease in
arousal could be desirable 1n situations in which there are few
active responses available The effects of caffeine on the subjec-
tive response to nicotine differed markedly from its effects on
physiological and subjective reactivity to smoke halations. Caf-
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feine augmented diastolic blood pressure increases, and possibly
skin temperature decreases, after smoke inhalations. These ef-
fects were not dependent on the actions of nicotine, but occurred
in both nicotine and nonmcotine smoke conditions. The physio-
logical effects of caffeine in potentiating physiological responses
to stressful tasks have been shown previously (11). In contrast,
the effects of caffeine on subjective arousal showed a specific in-
teraction with nicotine. Further research will be necessary to ex-
amine the subjective as well as physiological interactions between
caffeine and nicotine under a wider range of doses and environ-
mental conditions.
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