
 

Pharmacology Biochemistry and Behavior, Vol. 58, No. 3, pp. 721–726, 1997
© 1997 Elsevier Science Inc.

Printed in the USA. All rights reserved
0091-3057/97 $17.00 

 

1

 

 .00

 

PII S0091-3057(97)00003-8

 

721

 

Absorption and Subjective Effects of Caffeine 
from Coffee, Cola and Capsules

 

ANTHONY LIGUORI,* JOHN R. HUGHES*†‡ AND JACOB A. GRASS*

*

 

Department of Psychiatry,

 

 †

 

Department of Psychology and 

 

‡

 

Department of Family Practice,
University of Vermont, Burlington, VT 05401

 

Received 12 September 1996; Revised 7 January 1997; Accepted 24 January 1997

 

LIGUORI, A., J. R. HUGHES AND J. A. GRASS.

 

Absorption and subjective effects of caffeine from coffee, cola and
capsules.

 

 PHARMACOL BIOCHEM BEHAV 

 

58

 

(3) 721–726, 1997.—Coffee is often perceived as producing greater phar-
macological effects than cola. The present study compared the magnitude and rapidity of peak caffeine levels and subjective
effects between coffee and cola. Thirteen users of both coffee and cola (mean daily caffeine consumption 

 

5 

 

456 mg) ingested
400 mg caffeine via 12 oz unsweetened coffee, 24 oz sugar-free cola or 2 capsules in a random, double-blind, placebo-con-
trolled, within-subjects design. Subjects provided a saliva sample and completed subjective effect scales 15 min before and 30,
60, 90, 120, 180 and 240 min after ingestion. Mean peak saliva caffeine levels did not differ between coffee (9.7 

 

6

 

 1.2 

 

m

 

g/ml)
and cola (9.8 

 

6

 

 0.9 

 

m

 

g/ml) and appeared to be greater with these beverages than with the capsule (7.8 

 

6

 

 0.6 

 

m

 

g/ml; 

 

p

 

 

 

5

 

 NS).
Saliva caffeine levels peaked at similar times for coffee (42 

 

6

 

 5 min) and cola (39 

 

6

 

 5 min) but later for capsule (67 

 

6

 

 7 min;

 

p

 

 

 

5

 

 0.004). There was no main effect of vehicle or interaction of vehicle and drug on magnitude of peak effect or time to peak
increase on self-report scales. In summary, peak caffeine absorption, time to peak absorption, and subjective effects do not
appear to be influenced by cola vs. coffee vehicle. Perceived differences in the effects of coffee vs. cola may be due to differ-
ences in dose, time of day, added sweetener, environmental setting or contingencies. © 1997 Elsevier Science Inc.

 

Absorption Caffeine Coffee Cola Subjective effects

 

MORE than 85% of american adults use caffeine every day
(11). Several studies have associated caffeine use with in-
creased self-report ratings of well-being, alertness, motivation
to work, self-confidence, etc. (13). Although adults predomi-
nantly obtain caffeine from coffee, cola is also a commonly
used source of caffeine (3). Many people believe that coffee
produces more robust pharmacological effects than cola. One
possible reason for this belief is the greater caffeine dose per
serving in brewed coffee (102 mg/6 oz) than in cola (36 mg/12
oz; (4)).

With dose held constant, whether caffeine absorption and
subjective effects differ between cola and coffee vehicle is un-
clear. Few studies have directly compared absorption of caf-
feine from coffee with that from cola, and none have concur-
rently compared subjective effects of these vehicles. In one
study (21), peak increases in serum caffeine levels were com-
parable (3–3.5 

 

m

 

g/ml) following administration of 155–160 mg
caffeine via coffee or cola, although the time to peak increase
was shorter with coffee (30 min) than with cola (120 min). In

contrast, another study (5) compared absorption of mean
doses of 108 mg caffeine in coffee and 15 mg caffeine in cola
and found comparable times to peak serum concentration
with coffee (52 

 

6

 

 22 min) and cola (38 

 

6

 

 8 min). However,
these studies used only three and four subjects, respectively,
and did not report whether subjective effects differed be-
tween coffee and cola. In addition, neither study reported a
statistical comparison of the peak levels or time to peak serum
concentration with the two vehicles.

The purpose of the present study was to compare system-
atically the salivary caffeine concentrations and subjective ef-
fects of 400 mg caffeine from coffee vs. the same amount from
cola at the commonly used volumes in the same group of sub-
jects. A third caffeine vehicle, capsule, was included because
our subjects had no prior history of subjective effects associ-
ated with caffeine from capsules. Thus, capsule served as a
control vehicle. The 400-mg dose was chosen to increase the
likelihood of both positive and dysphoric subjective effects of
caffeine relative to placebo (13).

 

This paper was presented at the annual meeting of the American Psychological Association, Toronto, Ontario, Canada, August 1996.
Requests for reprints should be addressed to Anthony Liguori, Department of Physiology and Pharmacology, Bowman Gray School of Medi-

cine, Wake Forest University, Medical Center Boulevard, Winston-Salem, NC 27157. E-mail: anthol@aol.com
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METHODS

 

Subjects

 

Subjects were 13 adult volunteers recruited by advertise-
ments or from prior studies in our laboratory. For inclusion in
the study, subjects were required to (a) report having used
caffeinated coffee and caffeinated soda in the prior 6 months;
(b) report consumption of at least 400 mg of caffeine via any
combination of coffee, tea and soda during a 2-day self-moni-
toring period (see below); (c) be willing to drink diet colas
and “black” coffee with no added sweetener or creamer; (d)
report no current psychiatric or alcohol or drug problem (ex-
cept for nicotine dependence) and consume 1 or less alcoholic
drink per weekday; (e) not be trying to stop or reduce caffeine
or tobacco use and not be on a restricted-calorie (

 

,

 

2000 calo-
ries/day) diet; (f) not presently use prescription or over-the-
counter psychoactive medications, antihistamines or oral con-
traceptives; (g) report no medical contraindications to caf-
feine use; (h) not be pregnant, planning to become pregnant
or breast-feeding; (i) report no lactose intolerance; and (j) be
between the ages of 18 and 60 years. Persons older than age
60 years were excluded because this population appears less
sensitive to the subjective effects of caffeine (28).

The subjects’ mean age was 43 (SD 

 

5

 

 8). Eight subjects
(62%) were men, and one (Subject 901) was a smoker. After
giving informed consent, each subject kept a diary of his or
her coffee, cola, and tea intake on the following Monday and
Tuesday. During this introductory self-monitoring period,
eight subjects drank both coffee and cola, four subjects drank
coffee exclusively, and one drank coffee and tea but not cola.
During these 2 days, subjects used a mean of 456 mg (SD 

 

5

 

153) caffeine daily, which is at approximately the 77th percen-
tile for persons who drink caffeinated coffee [calculated from
Table 6 of (26)]. The mean daily coffee intake for the group
was 4.2 

 

6

 

 1.6 6-oz cups, representing 92% of the group’s caf-
feine intake. The eight subjects who used cola during the self-
monitoring period drank an average of 1.3 

 

6

 

 1.2 12-oz serv-
ings per day.

Subjects were told that the study would compare the ef-
fects of coffees, colas and capsules on mood and liking of
these substances. They were also told that the coffees, colas
and capsules could differ according to brand, strength, sweet-
ener or caffeine content.

 

Beverages and Capsules

 

All caffeinated beverages and capsules had 200 mg of an-
hydrous caffeine added to each serving, and the commonly
used serving volumes of coffee (6 oz) and cola (12 oz) were
used. Two servings of any particular vehicle (coffee, cola or
capsule) were consumed at the beginning of each session, so
the cumulative dose was 400 mg. The coffees used were indi-
vidual packets containing 2 g of instant decaffeinated coffee
(Folgers). Lactose (50 mg) was added to each coffee to mask
the bitter taste of the added caffeine. All coffees were made
by steeping the packet in 6 oz of boiling water for 1 min. Sub-
jects were not allowed to add any creamers or sweeteners to
the coffees. The colas were 16-oz refrigerated bottles of caf-
feine-free diet cola (Diet Pepsi). Four ounces were removed
from each bottle to simulate one 12-oz serving. The capsules
were size 0, and placebo capsules contained approximately
400 mg lactose. Thus, two 6-oz servings of coffee, two 12-oz
servings of cola or two capsules (with 8 oz of water) were con-
sumed.

Before the study began, Triangle Taste Tests (1) were con-
ducted in nine pilot subjects who sampled coffee and eight pi-
lot subjects who sampled cola. These tests determined
whether subjects could discriminate caffeinated from placebo
beverages on the basis of taste. Each pilot subject was tested
nine times. During each test, subjects sipped three beverages.
Two of these beverages had 200 mg caffeine or 0 mg caffeine
added, and the third beverage contained the converse dose.
The subjects were asked to identify the different beverage. Six
correct answers of nine tests were required for significant dis-
crimination (

 

p

 

 

 

,

 

 0.05, binomial test). One of nine subjects
(11%) discriminated caffeinated from decaffeinated coffee,
and zero of eight subjects discriminated caffeinated from non-
caffeinated cola.

 

Setting

 

The laboratory contained only tables and chairs. When not
ingesting beverage, providing saliva samples or completing
forms, subjects were encouraged to read, write, and/or listen
to portable radio or cassette players through headphones.
Subject 901, a cigarette smoker, was allowed to smoke at lei-
sure between test cycles. Between one and four subjects
shared the laboratory space at any particular time. They were
allowed to converse but were not permitted to discuss feelings
or reactions to the coffees, colas or capsules. To help ensure
compliance, one or more experimenters were within hearing
distance of the subjects at all times.

 

Experimental Design

 

Sessions took place on Mondays, Wednesdays and Fridays
of 2 weeks. During each session, the 4-h time course of ab-
sorption and subjective effects were measured for one of
three vehicles (capsule, coffee or cola) at one of two caffeine
doses (0 or 400 mg). The order of vehicle and dose presenta-
tion was random and double blind.

 

Pre-experiment Procedures

 

From bedtime on the Tuesday of the self-monitoring pe-
riod through the conclusion of the study 17 days later, subjects
were required to abstain from all caffeine-containing sub-
stances other than those provided by the experimenters. When
the first experimental session began, each subject had ab-
stained from caffeine for 5 days. Abstentium was verified by
saliva sampling 3 days before and at the first experimental ses-
sion. The 5-day prestudy abstention period allowed peak caf-
feine-withdrawal symptoms to subside before self-report
questionnaires were administered (14).

 

Procedure for Each Session

 

Sessions lasted from 0800 to 1230. Subjects were permitted
to eat “a light, low-calorie breakfast” between 0630 and 0700
on the mornings of test sessions but were not allowed to eat
during test sessions. Subjects completed a test cycle at the be-
ginning of each session. They then ingested the day’s vehicle
(coffee, cola or capsule). When subjects received beverages,
they were instructed to ingest the liquid as quickly as possible
within 5 min. Subjects completed test cycles 30, 60, 90, 120,
180 and 240 min after ingesting the vehicle.
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Test Cycle Measures

Saliva caffeine. 

 

Subjects provided a 3-ml saliva sample by
expectorating directly into a test tube. Subjects who had diffi-
culty producing the required volume of saliva were allowed to
chew on a “salivette” (Sarstedt, Germany) to stimulate saliva-
tion. Samples were frozen and saliva–caffeine concentrations
were determined based on the method described by Brown et
al. (6) and Jacob et al. (18), using gas chromatography with a
structural analogue of caffeine as the internal standard (Lab-
Stat, Kitchener, Ontario, Canada).

 

Paper-and-pencil questionnaires.
Profile of mood states (POMS). 

 

This 65-item questionnaire
(22) produces scores of anger, anxiety, confusion, depression,
fatigue, friendliness and vigor. Friendliness scale data are not
reported because of the scale’s limited validity (22).

 

Visual-analogue scales (VAS). 

 

Subjects completed the VASs
by answering the questions: “Have you felt any drug effect?”
“Do you feel high?” “Have you felt any good effects?” “Have
you felt any bad effects?” “Do you like the drug?” and “Do
you feel alert - energetic?” Subjects responded by drawing a
line intersecting a 100-mm line that represented a spectrum
marked with “not at all” at 0 mm and “extremely” at 100 mm.
These scales have been shown to be sensitive to caffeine ef-
fects (25).

 

Behavior checklist. 

 

The behavior checklist consisted of 10
items that subjects rated on a 10-point scale from 0 (“not at
all”) through 5 (“moderate”) to 9 (“very much”). The adjectives
rated were anxious/tense/nervous, confident, dizzy/light-headed/
faint, drowsy/sleepy, fatigued/tired, headache, jittery/tremu-
lous, lazy/sluggish/slow moving, motivated to work, and well-
being. The items on this checklist have been shown to be sen-
sitive to caffeine effects (16).

 

Data Analysis

 

For each session, the magnitude of the peak effect and the
area under the drug action curve (AUC) were computed for
salivary caffeine levels and scores on the POMS, behavior
checklist and VAS. AUC scores were computed by using the
trapezoidal method. Peak effect and AUC scores for the six
sessions were entered into 3 

 

3

 

 2 repeated measures analyses
of variance (ANOVAs) that included a vehicle factor (coffee
vs. cola vs. capsule) and a drug factor (caffeine vs. placebo).
Significant drug 

 

3

 

 vehicle interactions were identified with
the Student-Newman-Keuls method of pairwise multiple
comparisons.

Time to peak increase from baseline for caffeine absorp-
tion and certain subjective effects was analyzed with a one-
way repeated measures ANOVA that included three condi-
tions (caffeinated coffee vs. caffeinated cola vs. caffeinated cap-
sule). Time to peak increase was analyzed for a self-report
measure if (a) there was a significant main effect of drug on
the measure in the peak effect ANOVA and (b) at least two-
thirds of subjects (9 or more) reported a peak effect in the
same direction (e.g., increase in alertness score from baseline)
with all three caffeinated vehicles.

 

RESULTS

 

Validation of Caffeine Abstinence

 

All saliva caffeine levels at 3 days prior and immediately
prior to test sessions were below 1 

 

m

 

g/ml, which is consistent
with levels reported following 24 h of caffeine abstention (19).

 

Caffeine Absorption

Peak increase. 

 

The mean peak increases in salivary caf-
feine with coffee (9.7 

 

6

 

 1.2 

 

m

 

g/ml) and cola (9.8 

 

6

 

 0.9 

 

m

 

g/ml)
were similar (Fig. 1). Although the mean peak increase in sal-
ivary caffeine appeared lower with capsule (7.9 

 

6

 

 0.6 

 

m

 

g/ml),
there was no main effect of vehicle on peak increase in saliva
caffeine level and no interaction between drug and vehicle.
These negative results were due to large between-subject vari-
ability (Table 1). For example, the lowest peak increase in sa-
liva caffeine level of the three vehicles was from capsule in six
subjects (46%), from coffee in six subjects (46%) and from
cola in one subject (8%).

 

Time to peak effect. 

 

Time to peak effect differed across
vehicles [

 

F

 

(2, 12) 

 

5

 

 6.9; 

 

p

 

 

 

5

 

 0.004]. Post hoc Student-New-

FIG. 1. Salivary caffeine levels (mg/ml) as a function of time before
and after ingestion of caffeine in cola, coffee and capsules. Data are
mean values for 13 subjects. Error bars show 1 SEM and are in a
positive direction for cola and in a negative direction for capsule and
coffee.

 

TABLE 1

 

PEAK INCREASES IN SALIVARY CAFFEINE
CONCENTRATION (

 

m

 

g/ml) FOLLOWING
400 MG CAFFEINE ACROSS SUBJECTS AND VEHICLES

Subject Coffee Cola Capsule

 

901 9.3 10.2 8.5
902 4.8 5.4 6.5
903 9.9 10.2 8.3
906 5.7 10.6 7.6
910 8.3 9.8 8.8
914 7.9 10.3 8.2
915 5.1 6.3 4.9
916 6.6 8.7 9.2
918 17.3 8.5 4.4
919 12.5 10.6 13.5
920 15.6 8.6 6.5
921 6.6 8.9 8.8
922 16.7 19.1 7.1
Mean (SE) 9.7 (1.2) 9.8 (0.9) 7.9 (0.6)
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man-Keuls tests showed that time to peak effect was similar
with coffee (mean 

 

6

 

 SD 

 

5

 

 42 

 

6

 

 5 min) and cola (39 

 

6

 

 5 min)
but was longer with capsule (67 

 

6

 

 7 min; 

 

p

 

 

 

,

 

 0.05). At the 30-
min time point, peak caffeine absorption occurred in 9 sub-
jects with coffee (69%), 10 subjects with cola (77%) and 2
subjects with capsule (15%). In contrast, at the 60-min time
point, peak caffeine absorption occurred in 3 subjects with
coffee (23%), 2 subjects with cola (15%) and 7 subjects with
capsule (54%).

 

Area under the time action curve. 

 

There was a main effect
of vehicle [

 

F

 

(2, 12) 

 

5

 

 10.6; 

 

p

 

 

 

5

 

 0.0003] on AUC for saliva caf-
feine levels and an interaction between drug and vehicle [

 

F

 

(2,
12) 

 

5

 

 13.6; 

 

p

 

 

 

,

 

 0.0001]. Post hoc Student-Newman-Keuls
tests showed that the AUC with caffeinated cola was greater
than that with caffeinated capsule, which was greater than that
with caffeinated coffee (Fig. 1).

 

Subjective Effects

Peak effect. 

 

There were main effects of drug (caffeine 

 

.

 

placebo) for behavior checklist items anxious/tense/nervous
and jittery/tremulous, VAS items drug effect, high, good ef-
fect, bad effect, liking of drug and alert and the POMS ten-
sion-anxiety and vigor scales [

 

F

 

(1, 12) 

 

>

 

 5.9; 

 

p

 

 

 

,

 

 0.05]. There
were also main effects of drug (placebo 

 

.

 

 caffeine) for
drowsy/sleepy and fatigued/tired on the behavior checklist
[

 

F

 

(1, 12) 

 

>

 

 8.3; 

 

p

 

 

 

,

 

 0.01]. There was no main effect of drug on
ratings of confident, dizzy/light-headed/faint, headache, lazy/
sluggish/slow-moving, motivated to work, well-being or the
POMS depression-dejection, anger-hostility, fatigue or confu-
sion-bewilderment scales. There was no main effect of vehicle
or interaction of vehicle and drug on any of the 22 subjective
items or scales.

 

Time to Peak Increase. 

 

Seven items met our criteria for
analysis of time to peak increase of subjective effect (jittery/
tremulous, the POMS tension-anxiety scale, and VAS drug ef-
fect, high, good effect, bad effect and liking of drug scales).
Time to peak increase was usually between 85 and 110 min
and did not differ across caffeinated vehicles on any of these
scales (range with coffee 

 

5

 

 77–115 min, with cola 

 

5

 

 83–98
min, with capsule 

 

5

 

 93–130 min).

 

Area under the time action curve. 

 

All self-report items and
scales that showed a significant main effect of drug on peak
effect also showed a main effect of drug on AUC [

 

F

 

(1, 12) 

 

>

 

6.1; 

 

p

 

 

 

,

 

 0.05]. There were no significant main effects of vehi-
cle or vehicle–drug interactions for any item or scale.

 

DISCUSSION

 

The focus of the present study was to compare absorption
and subjective effects of caffeine between the more com-
monly used vehicles coffee and cola. Although other studies
have focused on capsule as a vehicle for caffeine self-adminis-
tration and subjective effects (9,15,27), capsule served as a
control vehicle in the present study. We found no differences
between coffee and cola vehicle in peak level of or time to
peak increase in salivary caffeine. This finding replicates prior
studies that found similar magnitudes of peak caffeine level
from coffee and cola (21,29).

With both coffee and cola vehicles, absorption of 400 mg
caffeine peaked at approximately 10 

 

m

 

g/ml saliva within 35–45
min of ingestion. In prior studies with coffee, approximate
mean peak increases in blood caffeine levels were 1.6, 2.0 and
2.0 

 

m

 

g/ml with doses at or near 100 mg (5,24,30), 2.7 and 3.4

 

m

 

g/ml with doses at or near 150 mg (21,31) and 3.9 and 4.0 

 

m

 

g/
ml with doses at or near 200 mg (24,30). If caffeine absorption
changes linearly as a function of dose (5) and if salivary caf-
feine levels are generally 70–80% of serum caffeine levels
(23,32), then, based on these prior results, the peak salivary
level following ingestion of 400 mg caffeine should be approx-
imately 6 

 

m

 

g/ml. Mean peak levels with coffee (9.7 

 

m

 

g/ml),
cola (9.8 

 

m

 

g/ml) and capsule (7.8 

 

m

 

g/ml) in the present study
appeared higher than this. We doubt this was due to residual
caffeine in saliva from the beverage because the saliva sam-
ples were collected 30 min after the beverage was ingested.
We know of no obvious reasons for this apparent difference.

The mean times to peak saliva caffeine levels in the present
study were similar with coffee (42 min) and cola (39 min) and
comparable to those in a previous vehicle comparison in
which mean peak plasma caffeine levels occurred after 52 min
with mocha coffee and after 38 min with soft drink (5). The
time-to-peak results with coffee in the present study also were
consistent with those of several other studies that reported
peak plasma caffeine levels within 30–45 min of coffee inges-
tion, regardless of whether the coffee was identified as
brewed or instant (8,21,30,31). However, our results with cola
differ from a previous study (21) that reported that peak
plasma caffeine levels with cola were delayed until 120 min af-
ter ingestion.

There are several reasons one could hypothesize that caf-
feine would be absorbed more slowly from cola than from cof-
fee. First, absorption of caffeine from cola could be delayed
by the lower temperature of the beverage, which may reduce
the rate of blood flow within the intestines (10). However,
temperature has been reported not to influence caffeine ab-
sorption (2). Second, gastric emptying could be slowed by the
phosphoric acid (17) present in colas. Third, absorption rate
appears to increase with caffeine dose (5); consequently, the
relatively smaller dose of caffeine in commercially available
colas (36 mg/12 oz) vs. coffees (102 mg/6 oz) (4) may be asso-
ciated with slower absorption. In the present study, we used
the same dose in cola and coffee.

A fourth possible reason is that many colas, but not cof-
fees, contain sugar, which would inhibit gastric emptying of
caffeine (7) and delay absorption. In one of the two studies
that directly compared coffee and cola (5), the influence of
sugar is unknown because the investigators did not identify
the type or amount of sweetener, if any, in either beverage.
When the other study was published (1973), artificially sweet-
ened cola was not commercially available; thus, one reason
this study found delayed absorption with cola may have been
that the investigators used a sugared cola (21). In contrast,
we used a diet, sugar-free cola and did not find delayed ab-
sorption.

The subjective effects of caffeine were not influenced by
vehicle. This negative result is consistent with results from our
previous direct comparison of the subjective effects of cola
and coffee in persons who regularly use both (20) and from a
within-subjects comparison of the subjective effects of coffee
and capsule (12). Thus, our results contradict conventional
wisdom that coffee is “stimulating,” whereas cola is merely a
“thirst quencher”; i.e., any perceived differences in perceived
effects of coffee vs. cola are not due to unique characteristics
of the vehicles themselves. Rather, vehicle-based differences
in stimulant effects may be due either to the higher serving
dose of caffeine in coffee (102 mg/6 oz) than in cola (36 mg/12
oz) or by time of day, added sweetener, environmental set-
tings or contingencies associated with use (e.g., morning cof-
fee use vs. evening cola use).
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Our experimental design had several assets, including a
completely within-subjects design, subjects familiar with both
coffee and cola as caffeine vehicles, an unfamiliar caffeine ve-
hicle (capsule) as a control and validation of abstention from
out-of-laboratory caffeine. Also, the self-reports of our sub-
jects likely were not confounded by caffeine withdrawal be-
cause the subjects had abstained from caffeine for 5 days be-
fore beginning test sessions (13).

Our design could have been improved in several respects.
First, more data collection time points within the 4-h test ses-
sions, particularly during the first hour, would have provided
more precise information about peak saliva caffeine levels
and time to peak levels. Second, gathering data with sweet-
ened colas and coffees would have enabled us to draw more
definitive conclusions regarding our hypothesis that the pres-
ence of sugar in cola accounted for the difference in results
between our study and those of a prior study (21). Third, to
use generalizable servings with each vehicle, the volumes of
the vehicles differed (i.e., 12 oz for coffee, 24 oz for cola and
2 pills with 8 oz of water). Given that the typical stomach vol-
ume is 34 oz, the differences in volume across vehicles may
have influenced absorption, although direct testing would be
needed to confirm this notion. Fourth, more stringent controls

over presession food intake would probably have minimized
the intersubject variability of caffeine absorption levels. Such
controls could have included an identical in-laboratory break-
fast across subjects or a presession fast of longer than 60 min.
Finally, the subjective effects of caffeine are different at high
(

 

.

 

200 mg) vs. low (

 

,

 

200 mg) doses (13). Whether vehicle
would have influenced absorption and subjective effects of
caffeine doses below 400 mg was not evaluated in the present
study.

In summary, the magnitude of peak caffeine absorption
and time to peak absorption do not appear to be influenced
by cola vs. coffee vehicle, and, concurrently, subjective effects
of caffeine were similar across cola and coffee vehicle. Per-
ceived differences between the stimulant effects of cola and
coffee are likely related to serving dose, time of day, added
sweetener, environmental setting or environmental contin-
gencies.
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