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Abstract Rationale: Critics have called into question
findings from double-blind placebo-controlled studies
because subjects are given drug administration instruc-
tions informing them of a placebo condition. The asser-
tion that these drug administration instructions bias esti-
mates of effectiveness has undergone surprisingly little
empirical investigation. Objectives: The primary objec-
tive of this study was to determine whether drug admin-
istration instructions informing subjects of a placebo
condition affect the drug response and affect the saliva
concentration of the stimulant. Methods: We assessed
caffeine responses and levels of saliva concentration of
caffeine in 52 subjects who were randomly assigned to
receive one of two drug administration instructions: (a)
placebo-informed instructions (i.e., individuals informed
of the placebo) analogous to those used in double-blind
studies and (b) placebo-uninformed instructions (i.e., in-
dividuals informed they are taking an active stimulant).
Results: On most measures (systolic blood pressure,
heart rate, hand steadiness, reaction time, fatigue, and
tension), drug administration instructions did not signifi-
cantly influence caffeine response. Instructions also had
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no significant effect on saliva concentration of caffeine.
However, only individuals who were uninformed of the
placebo condition showed significant diastolic blood
pressure and vigor increases with 125 mg caffeine, and
significant hand steadiness impairment and vigor in-
creases with 325 mg caffeine compared to placebo. Con-
clusions: These overall findings suggest that a limited
bias is introduced by drug administration instructions.
The results do not support any suggestion that informa-
tion about the existence of a placebo condition dramati-
cally influences conclusions drawn about drug responses
in placebo-controlled trials.

Keywords Placebo - Expectancy - Caffeine -
Double-blind design - Informed consent

Introduction

Before being approved by the Food and Drug Adminis-
tration (FDA) and marketed by pharmaceutical compa-
nies, a new drug must undergo a lengthy and stringent
process to prove its safety and effectiveness. The final
step in this process is the double-blind placebo-con-
trolled trial. The standard informed consent procedure in
placebo-controlled trials includes making participants
aware of the possibility of receiving a placebo. This in-
formed consent implies an assumption that informing
subjects does not affect drug responses in a way that
would alter the conclusions drawn about the effective-
ness of the drug.

Some contend (e.g., Kirsch and Weixel 1988; Kirsch
and Rosadino 1993) that because subjects in placebo-
controlled trials are routinely informed that they may
receive a placebo, drug responses observed in research
trials may differ from the responses that will be obtained
in clinical practice. They believe that different expectan-
cies are created by differences in the drug administration
instructions employed in placebo-controlled trials and in
clinical practice. Consequently, our ability to generalize
results from clinical trials to clinical practice is limited
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(Kirsch and Weixel 1988; Kirsch and Rosadino 1993).
Any inappropriate generalization of results from drug tri-
als to physician practice therefore can have significant
clinical implications. For example, there is ongoing de-
bate about whether the effects of antidepressant medica-
tion have been overestimated in clinical practice (Dawes
1998; Enserink 1999; Greenberg and Fisher 1994; Kirsch
and Sapirstein 1998; Klein 1998; Rehm 1998).

The assertion that drug administration instructions
used in double-blind trials bias estimates of drug response
has received surprisingly little empirical attention. A
handful of studies conducted largely by critics (eg.,
Kirsch and Rosadino 1993; Skovlund 1991) has attempt-
ed to address this question and is often cited as calling in-
to question the externa validity of placebo-controlled
trials. Kirsch and Rosadino (1993) have reported that
after subjects have consumed caffeinated coffee, tension
increased only in those who were not informed they
could receive a placebo (decaffeinated beverage). Those
who were informed they could receive placebo coffee did
not have an increase in tension. In two studies (Skovliund
1991; Bergman et a. 1994), analgesia was lower for pa-
tients who were aware they could be receiving a placebo
than for those who were expecting a pain reliever. These
studies are among many others indicating that drug ad-
ministration instructions influence both placebo and drug
responses (e.g., Tetreault and Bordeleau 1971; Kirsch and
Weixel 1988; Kleijnen et al 1994; Flaten 1998; Flaten et
al. 1999). Indeed, even serum levels of a drug may be in-
fluenced by drug administration instructions. Flaten et al.
(1999) have reported significantly higher carisoprodol
serum concentration in those subjects who were told it
would have a relaxing effect compared to those told it
would have a stimulating effect. These findings have
been used to challenge the externa validity of typical
double-blind placebo-controlled studies because current
double-blind placebo-controlled methods may fail to de-
tect some genuine drug effects.

In addition to findings from these studies that ques-
tion the generalizability of the double-blind design, re-
view studies suggest that drug effectiveness in clinical
practice may be overestimated. Kirsch and Sapirstein
(1998, 1999) used a meta-analytic approach to contend
that 75% of the effectiveness of an antidepressant is ac-
counted for by placebo effects. Although other studies
using a similar methodology provide consistent findings
(Joffe et al. 1996; Walach and Maidhof 1999), the con-
tention has been met with much criticism (e.g., Dawes
1998; Hamburg 2000; Klein 1998; Rehm 1998). Severd
literature reviews have found that treatment effects are
consistently smaller in double-blind placebo-controlled
trials than in single- and non-blind drug trids (e.g.,
Smith et al. 1969; Shulzbacher 1973; Smith et al. 1980;
Greenberg and Fisher 1989; Greenberg et al. 1992). For
example, in two studies Greenberg et al. (Greenberg and
Fisher 1989; Greenberg et al. 1992) documented that
antidepressants were judged to be most effective in
studies in which the antidepressant was compared to a
placebo under standard double-blind conditions. Anti-

depressant effects were considerably more modest in
studies when compared to an “active placebo” control
(i.e., one that produces side effects similar to the active
drug) or in studies where the antidepressant was used as
a standard control (along with placebo controls) for
newer antidepressant medications. They conclude that
the apparent effectiveness of antidepressant medication
in these studies results largely from the ability of patients
to break the double-blind and not from the pharmacol og-
ical effects of antidepressant medication.

In this study, we sought to determine whether drug re-
sponses are affected by drug administration instructions
informing individuals that they may receive a placebo.
We examined the effect of the subjects’ knowledge that
they might receive a placebo on stimulant drug response.
We compared caffeine responses observed with two drug
administration instructions. (1) placebo-informed in-
structions (i.e., individuals informed they may receive a
placebo) analogous to those used in double-blind placebo-
controlled drug evaluation studies and (2) placebo-unin-
formed instructions (i.e., individuals unaware of the pla-
cebo condition and informed that they would be taking
an active stimulant). In the first set of hypotheses, we ex-
pected that with each set of drug administration instruc-
tions, the responses to 125 mg and 325 mg caffeine
would be larger than the responses to placebo. On those
measures where drug administration instructions influ-
enced drug response, we hypothesized that at each of the
three dose levels (i.e., placebo, 125 mg, 325 mg), place-
bo-uninformed instructions would yield responses of
greater magnitude than placebo-informed instructions. If
knowledge of a placebo condition does not influence
drug response, then empirical support could be provided
for the conclusions that are drawn about drug responses
in double-blind placebo-controlled clinical trials. In con-
trast, if knowledge of a placebo condition does influence
drug response, then questions could be raised about the
conclusions that are drawn in double-blind placebo-con-
trolled clinical trials.

Compared to previous studies (e.g., Kirsch and
Rosadino 1993), this study examined this issue with
a design that was more similar to that used in clinical
trials. The drug was administered in capsule form and
the subjects were informed that the drug under investiga-
tion was a stimulant. Being unaware that caffeine was
the drug under investigation would eliminate conditioned
effects that may occur when someone knowingly ingests
caffeine. This study also tested the effect of drug admin-
istration instructions on saliva concentration of caffeine
to determine whether differential absorption of caffeine
occurred with placebo awareness. In this study, behav-
ioral performance measures were included (reaction time
and hand steadiness), along with physiological and self-
report mood measures, alowing responses in three re-
sponse domains (physiological, self-report mood, and
behavioral performance) to be investigated. Also tested
in this study was whether placebo awareness had a simi-
lar effect on drug response at different dose levels
(125 mg and 325 mg caffeine).



Materials and methods
Subjects

Subjects were 52 (22 male, 30 female) introductory psychology
students receiving course credit for participation. Subjects were
low-dose caffeine consumers as defined as averaging no more
than four caffeine consumption days per week or ingesting no
more than 85 mg caffeine on a daily basis. Subjects averaged
46.4 mg caffeine intake daily, or about a cup of tea or can of soft
drink per day. Individuals were excluded if they reported or were
found to have consumed caffeine within 24 h of the experiment,
were alergic to milk products, had any chronic disease or regular-
ly took any medication for the treatment of a physical or mental
disorder, or had blood pressure baseline readings above
140 mmHg systolic or 80 mmHg diastolic. We did not assess for
smoking status, alcohol use, or past history of physical or mental
disorder.

Two of the 52 subjects who participated in the experiment were
not included in the statistical analysis. One dropped out because of
side effects (at 125 mg caffeine); the other was excluded because a
friend had already participated in the study. Thus, 50 subjects were
included in the analysis. Each of the 50 subjects was randomly as-
signed to one of the two drug administration instruction protocols:
placebo-uninformed or placebo-informed. Within each of these
protocols, subjects were assigned to one of six possible dose orders
(PL-125 mg-325 mg; PL-325 mg-125 mg; 125 mg-
PL - 325 mg; 125 mg-325 mg-PL; 325 mg-PL - 125 mg;
325 mg- 125 mg- PL) with the constraint of having an equal
number of subjects and males in each order.

All subjects provided written informed consent. The consent
form did not specify caffeine but described it as a mild stimulant
that is a safe and widely used preparation with temporary effects
that will not last for more than a few hours. The only adverse ef-
fect mentioned was the possibility of feeling somewhat jittery for
abrief period. The study was approved by the institutional review
board (IRB) and was performed in accordance with the clinical
standards laid down in the 1964 Declaration of Helsinki. IRB
members were aware of the deception used in the research metho-
dology.

Caffeine capsules

The drug, caffeine anhydrous (USP), was prepared in identical
gelatin capsules from combinations of caffeine and powdered mild
lactose. Dosage levels were 0 mg (placebo), 125 mg caffeine, and
325 mg caffeine.

Design and experimental manipulation

The experiment was conducted in individual sessions in a one be-
tween-subjects, two within-subjects (2x3x4; drug administration
instructionsxdose level xtrials) design, with the restriction of hav-
ing groups largely equivalent in terms of number of subjects and
sex distribution.

Administration instructions, the between-groups factor, were
either placebo-informed or placebo-uninformed drug administra-
tion instructions. Those subjects receiving placebo-informed drug
administration were told: “In order to investigate the effects of this
stimulant, on each of the first three days that you participate in the
experiment you will be given either a placebo, a low dose of the
stimulant, or a moderate dose of the stimulant. On one day you
will receive a placebo, on another day you will receive alow dose,
and on another day you will receive the moderate dose. The dose
you receive will be determined randomly.” Subjects were also told
what physiological, subjective, and motor effects to expect with
the placebo, low dose, and moderate dose. Subjects receiving
placebo-uninformed drug administration instructions were told:
“In order to investigate the effects of this stimulant, you will re-
ceive a moderate dose of the stimulant. You will be given this dose
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of the stimulant on the first three days you participate in this
experiment. Because the stimulant may not have the same effects
each day it is taken, we are having you take the stimulant three
separate days so we can more accurately evauate its effects.
Numerous factors such as the amount of sleep and the foods and
beverages you consumed in the last 48 hours influence the re-
sponses you have to the stimulant, so we must assess its effects
more than once.” The additional information that these subjects
received regarding the drug effects to expect was identical to the
information placebo-informed subjects received for moderate dose
effects.

Dose levels, a within-subjects factor, were 0 mg lactose place-
bo, 125 mg caffeine (low), and 325 mg caffeine (moderate).
Trials, a within-subjects factor, were baseline assessment (T0),
drug assessment 1 (T1; 20 min after drug intake), drug assessment
2 (T2; 40 min after drug intake), and drug assessment 3 (T3;
60 min after drug intake).

Study procedure

Subjects were first screened and those who did not meet specific
exclusion criteria were recruited to participate. Those who agreed
to participate had an appointment scheduled and were instructed
to not consume any food or liquid, except water, from 2 h prior
to their appointment on the test days. Consistent with caffeine
studies, subjects were also instructed to not consume any coffee,
tea, chocolate, or soft drinks from 6 h prior to their appointments
(e.g., Roache and Griffiths 1987). We did not conduct urine toxi-
cology screens for prescribed drugs or other substances of abuse.
We also did not provide specific instructions regarding nicotine or
alcohol use between test days.

On al participation days, upon arriving for their appointments
at a university research laboratory building, subjects were greeted
by the experimenter dressed in a white lab coat and escorted to the
testing room. All task instructions were delivered via audiotape
and all measures were administered remotely from an adjoining
room.

On day 1 only, subjects were given a 17-min orientation to the
experiment that included written informed consent, detailed in-
struction in the performance of motor tasks, and practice of all
tasks. Following orientation on day 1, baseline recordings of
mood, hand steadiness, and reaction time were taken. Baseline
recordings of physiological measures were completed on day 4 be-
cause a true resting assessment of physiological measures is best
achieved after the subject has become sufficiently acclimated to
the environment. Days 2 and 3 began with baseline recordings of
mood and behavioral performance measures.

Experimental manipulation/drug administration instructions

After baseline assessment on days 1, 2, and 3, the subject viewed a
5-min videotaped presentation containing the experimental manip-
ulation of drug administration instructions. Both groups of sub-
jects (placebo-informed and placebo-uninformed), after viewing
the videotaped presentation on each day capsules were adminis-
tered, completed two tasks that were designed to reinforce the
drug administration manipulation presented on the videotape. In
the first task, subjects read a summary of the experiment that was
consistent with the particular drug administration instructions they
received. In the second task, subjects completed a brief multiple
choice questionnaire that included questions about the experimen-
tal procedure and stimulant effects.

Drug administration, assessment of drug responses,
and collection of saliva samples

After viewing the videotape and completing the tasks to reinforce
the drug administration manipulation, each subject was given the
capsule containing the appropriate dose level (0 mg, 125 mg,
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325 mg) for that day. The experimenter was blind to the dose level
and drug administration condition. On all three drug administra-
tion days (days 1, 2, and 3) there were three assessment trials (T1,
T2, T3) to test the effects of the drug. Assessment trials began
20 min, 40 min, and 60 min after drug intake.

During each assessment trial, subjects started with simulta-
neous physiological recordings (systolic blood pressure, diastolic
blood pressure, and heart rate), then completed self-report ratings
(mood, perceived drug strength), and finally performed behavioral
tasks (hand steadiness, reaction time). Following each tria,
2-3 ml saliva were collected in a 5-ml cryovial. These samples
were collected 30 min, 50 min, and 70 min after caffeine inges-
tion. Samples were frozen immediately and stored at —40°C to
—70°C. During the 7-min intertrial interval, most subjects took the
option of reading magazines that were provided.

At the end the sessions on days 1, 2, and 3, subjects were given
exit instructions that reminded them that any effects of the mild
stimulant were safe and self-limiting. Each subject was also given
instructions regarding food and caffeine intake for the following
day and a phone number to contact the investigator if any ques-
tions arose at a later time. The duration of the experiment on these
days was approximately 90 min.

Physiological baseline and debriefing

Day 4 was an abbreviated session reserved for baseline recordings
of physiological measures and debriefing. Day 4 was chosen to
provide the closest approximation of true resting assessment when
no drug was administered and when subjects were acclimated to
the environment. Otherwise, subjects may have shown elevated
blood pressure readings while anticipating the start of an experi-
ment in a new environment. Subjects were told that all drug ad-
ministration sessions had been completed and that a resting (non-
drug administration) recording would be taken of blood pressure
and heart rate. Subjects were allowed 4 min of listening to music
to become acclimated. Blood pressure and simultaneous heart rate
recordings were then taken. Subjects then rested for another
4 min, followed by a final recording of blood pressure and heart
rate. After these readings were taken, the subjects were debriefed.
At debriefing, subjects were asked if they had any prior knowl-
edge of the experiment and were given the opportunity to ask
questions. Questions that did not threaten the integrity of the ex-
periment were answered.

Measures

The three physiological responses, heart rate, systolic blood pres-
sure, and diastolic blood pressure, were assessed simultaneously
using an automated blood pressure and pulse rate monitor (Model
SD-700 A; Industrial & Biomedical Sensors Corporation, Waltham,
Mass.). For each of the physiological responses, three measure-
ments were taken over a 4-min period with a 15-s interval between
measurements. At each assessment, the median of the three mea-
sures was used asthe value.

There were two behavioral performance measures. hand
steadiness and reaction time. Hand steadiness was measured by
means of a stylus-in-hole hand steadiness tester (Lafayette Instru-
ments, Lafayette, Ind.). The subject inserted the 1-mm metal
stylus into a 4-mm diameter hole using the dominant hand. Any
time the stylus made contact with the side of the hole, a count was
registered on an electrical LED counter located remotely in the
experimenter control room. During each assessment, three 15-s
trials were conducted and recorded. An intertrial interval of 10 s
was used. The score was the median of the three trials. Lower
scores indicated greater steadiness.

Reaction time was assessed using a simple reaction time para-
digm. The apparatus was a human response panel with a spatial
array of ten white lights (9 mm diameter each) grouped into
two vertical columns of five lights spaced 1.7 cm apart. The panel
also included a rectangular response key measuring 6.4 cm hori-

zontally by 3.8 cm vertically. A trial began with the presentation
of a warning tone which indicated the onset of the lights (al ten
simultaneously) in 2 to 5 s. Simultaneously with light onset, an
LED timing device measuring milliseconds was triggered. The
subject was seated with his or her dominant hand placed on a
marked location on the table 33 cm below the response key. The
subject pressing the response key terminated timing. The intertrial
interval, that is, time between subject response and next warning
tone was 5 s. The reaction time score, measured in milliseconds,
was the median of the three trials.

Subjective mood was assessed using the brief 38-item version
of the Profile of Mood States (POMS) questionnaire (McNair
et al. 1971). Eight empirically derived scales are formed from
the POMS: tension-anxiety, depression-dejection, anger-hostility,
vigor, fatigue, confusion-bewilderment, and total mood distur-
bance. Perceived drug strength was assessed using a single ques-
tion, “How strong of a drug effect have you been feeling?’ (Chait
and Griffiths 1983). The response was based on a five-point Like-
rt-type scale: 1, no effect; 2, mild effect but not sure; 3, mild effect
but sureit isadrug effect; 4, moderately strong; 5, very strong.

Statistical analysis

To assess Whether placebo awareness influenced saliva concentra-
tion of caffeine, an ANOVA was performed with Drug Adminis-
tration Instructions (placebo-informed, placebo-uninformed) and
Sex as the between-subject factors and Dose Level (125 mg,
325 mg) and Trials (T1, T2, T3) as the within-subject factors.

To assess whether placebo awareness influenced stimulant
drug response, two sets of analyses were conducted. In the first set
of analyses, testing the first set of hypotheses, the intention was to
address the question as to whether different conclusions regarding
drug responses would be drawn if individuals were informed of
the placebo condition as opposed to uninformed of the placebo
condition. To address this question, the first set of analyses exam-
ined drug responses separately under each set of instructions. That
is, the analyses assessed whether caffeine produced larger respons-
es than placebo (a) when individuals were informed that they may
be taking a placebo (i.e., placebo-informed instructions) and (b)
when individuals were not informed that they may receive a place-
bo (i.e, placebo-uninformed instructions). A series of four
planned comparisons were conducted under each set of drug
administration instructions on al measures except ratings of
drug strength. In each comparison, changes from TO to T3 at the
125-mg and 325-mg caffeine dose levels were compared to chang-
es from TO to T3 with placebo. For ratings of perceived drug
strength, ratings of drug strength at the 125-mg and 325-mg
caffeine dose levels were compared to that with placebo only at
T3. This is because subjects did not rate drug strength before
taking the capsules.

A second set of analyses testing the second set of hypotheses
was conducted to follow-up on the findings of the first analysis
where drug administration instructions had a significant influence
as assessed in the above-mentioned analyses. In these analyses,
the intention was to determine whether the instructions influence
occurred with the placebo doses or with one or both of the active
stimulant doses. Only on measures where instructions influenced
drug response were analyses conducted at each dose level to as-
sess whether placebo and caffeine responses were greater in mag-
nitude for individuals who were not informed they might receive a
placebo compared to those who were informed they might receive
aplacebo. At each dose level, changes from TO to T3 under place-
bo-uninformed instructions were compared to changes from TO to
T3 under placebo-informed instructions. For ratings of perceived
drug strength, at each of the three dose levels at T3 only, ratings of
drug strength under placebo-uninformed instructions were com-
pared to ratings under placebo-informed instructions. To examine
whether differences in the magnitude of drug response could be
accounted for by perceived drug strength, the second set of analys-
es was conducted a second time with perceived drug strength serv-
ing as a covariate.
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Table1 ANOVA results

(F values) for caffeine responses ~ Measure 125 mg 325mg

that were significantly greater

than placebo responses with Placebo- Placebo- Placebo- Placebo-
placebo-uninformed instructions uninformed informed uninformed informed
and with placebo-informed .

instructiogs Caffeine did not Systolic BP ox - 1118 11-92::
produce a significantly greater Diastolic BP 5.79 - DU 9.92
effect than placebo for heart rate  Hand steadiness e - 1.4g=* -

and reection time with either I\:/;ag%rue 1?&%*** IO 72xx* ﬁ;'gg*** 21 51***
drug administration instructions Tenson - - 10,63+ 674+

***P<0.001, **P<0.005, *P<0.01

Table 2 Means and standard deviations with placebo-informed instructions (n=26) and with placebo-uninformed instructions (n=24)

Measure Treatment Placebo-informed

Placebo-uninformed

TO T1 T3 TO T1 T3
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Diastolic Placebo 67.42 8.36 68.69 8.85 63.54 8.46 65.08 8.89
BP 125mg 67.42 8.36 69.89 6.77 63.54 8.46 69.00 6.77
325mg 6742 8.36 73.62 6.33 6354 8.46 68.38 8.35
Hand Placebo 31.27 16.15 2877 1600 3787 1381 36.83 13.61
steadiness 125mg  31.15 16.98 3296 1733 3887 11.24 39.22 16.15
325mg 3431 16.00 3254 1582 3800 1517 4561 15.59
Vigor Placebo 12.16 4.04 9.16 313 13.13 4.60 11.04 5.03
125mg 13.28 521 11.32 439 12.88 4.95 13.54 6.44
325mg  13.40 4,78 12.04 423 1271 5.12 14.25 5.46
Drug Placebo 1.28 0.54 1.20 0.50 1.50 0.74 1.91 1.15
strength 125 mg 1.48 0.71 1.76 0.72 1.59 0.67 2.27 1.62
325mg 1.48 0.65 1.96 0.84 1.64 0.73 241 1.14
Saliva 125 mg 1956 1296 2034 1391 1635 1428 2162 775
caffeine 325 mg 4287 3808 5763 2366 4781 3072 6027 2355

In al analyses, F values were adjusted using the Huynd-Felt
procedure in cases of violations of assumptions of sphericity. As
further protection against making a type | error, the alpha level
was adjusted for the number of contrasts tested using Dunn’s mul-
tiple comparison procedure (also referred to as Bonferroni t proce-
dure). This procedure has been noted to be highly conservative
(Holland and Copenhaver 1988). Even with Bonferroni t correc-
tions, all but a few of the significant hypotheses were significant
beyond the P<0.001 alphalevel.

Results
Saliva concentration of caffeine

A significant dosextime interaction [F(2,90)=3.29, P<0.05]
showed that 325 mg caffeine produced a greater increasein
sdiva concentration of caffeine than 125 mg caffeine.
Drug administration instructions did not have any signifi-
cant effect on saliva concentration of caffeine.

Caffeine effects under each set of drug administration
instructions

This first set of analyses assessed whether caffeine pro-
duced larger responses than placebo (a) when individuals

were informed they may be taking a placebo (i.e., place-
bo-informed instructions) and (b) when individuals were
not informed they may receive a placebo (i.e., placebo-
uninformed instructions). Significant effects observed
under each set of drug administration instructions are
presented in Table 1. Figures and a table (Table 2) of
means and standard deviations are provided only for
those measures for which instructions influenced re-
sponse.

Caffeine effects observed with placebo-informed
instructions

At 125 mg, caffeine responses were larger than placebo
responses on only one of eight measures. At 325 mg,
caffeine responses were larger than placebo responses on
four of eight measures.

At 125 mg caffeine. The 125 mg caffeine dose produced
a greater decrease in fatigue than did placebo
[F(1,163)=10.72, P<0.001]. The 125 mg caffeine and
placebo responses did not differ for systolic blood pres-
sure, diastolic blood pressure, heart rate, hand steadiness,
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Fig. 2 Diastolic blood pressure as afunction of caffeine dose, trials,

and drug administration instructions (solid diamonds placebo, open
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reaction time, vigor, or tension. Regarding perceived
drug strength, at T3 the 125-mg dose yielded a signifi-
cantly stronger perceived drug effect than did placebo
[F(1,270)=7.59, P<0.005]. Thisisshownin Fig. 1.

At 325 mg caffeine. The 325 mg caffeine dose produced a
greater decrease in fatigue [F(1,163)=21.51, P<0.001] and
greater increases in systolic blood pressure [F(1,276)=
11.92, P<0.005], diastolic blood pressure [F(1,272)=9.92,
P<0.001], and tension [F(1,220)=6.74, P<0.01] than did
placebo. The effect for diastolic blood pressure is dis-
played in Fig. 2. The 325 mg caffeine response and the
placebo response did not differ for heart rate, hand steadi-
ness, reaction time, or vigor. Regarding perceived drug
strength, at T3 the 325-mg dose yielded a significantly
stronger perceived drug effect than did placebo
[F(1,270)=13.99, P<0.001]. Thisis shownin Fig. 1.

Caffeine effects observed with placebo-uninformed
instructions

At 125 mg, caffeine responses were larger than placebo
responses on three of eight measures. At 325 mg, caf-
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Fig. 3 Vigor asafunction of caffeine dose, trials, and drug admin-
istration instructions (solid diamonds placebo, open squares
125 mg, solid squares 325 mg)
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Fig. 4 Hand steadiness as a function of caffeine dose, trias, and
drug administration instructions (solid diamonds placebo, open
squares 125 mg, solid squares 325 mg)

feine responses were larger than placebo responses on
five of eight measures. These significant effects are pre-
sented in Table 1.

At 125 mg caffeine. The 125 mg caffeine dose produced
a greater decrease in fatigue [F(1,163)=11.89, P<0.001],
and greater increases in diastolic blood pressure
[F(1,272)=5.79, P<0.05] and vigor [F(1,250)=9.51,
P<0.001] than did placebo. The effects for diastolic
blood pressure and vigor are displayed in Figs. 2 and 3,
respectively. The 125 mg caffeine and placebo responses
did not differ for systolic blood pressure, heart rate, hand
steadiness, reaction time, tension, or perceived drug
effect.

At 325 mg caffeine. The 325 mg caffeine dose produced
greater decreases in hand steadiness [F(1,270)=11.48,
P<0.001] and fatigue [F(1,163)=11.52, P<0.001], and
greater increases in systolic blood pressure [F(1,276)=
11.18, P<0.001], tension [F(1,220)=10.63, P<0.001] and
vigor [F(1, 250)=16.58, P<0.001] than did placebo. The
effects for vigor and hand steadiness are displayed in
Figs. 3 and 4, respectively. Regarding perceived drug
strength, at T3 the 325-mg dose (but not the 125-mg



Table3 ANOVA results (F values) comparing magnitude of re-
sponses under placebo-uninformed instructions and placebo-in-
formed instructions on measures where instructions influenced
drug response (n.s. not significant)

Measure Placebo 125 mg caffeine 325 mg caffeine
Diastolic BP n.s. n.s. n.s.

Hand steadiness  n.s. n.s. 13.24***

Vigor n.s. 8.31** 10.18***

Drug strength 5.27* n.s. n.s.

***P<0.001, **P<0.005, *P<0.05

dose) yielded a significantly stronger perceived drug
effect than did placebo [F(1,270)=5.33, P<0.025]. Thisis
shownin Fig. 1.

Comparison of responses under each set
of drug administration instructions

The second set of analyses was conducted only on those
measures (i.e., diastolic blood pressure 125 mg, 325 mg;
hand steadiness 325 mg; vigor 125 mg, 325 mg) in
which drug administration instructions influenced drug
response. This was to determine whether placebo and
caffeine responses were greater in magnitude when indi-
viduals were not informed they might receive a placebo
than when individuals were informed they might receive
a placebo. The results are shown in Table 3. When the
second set of analyses was conducted using perceived
drug strength as a covariate, the results did not differ.

Placebo. Larger placebo responses were not observed
with placebo-uninformed instructions than with placebo-
informed instructions on diastolic blood pressure, hand
steadiness, or vigor. Regarding perceived drug strength,
at T3 a significantly stronger perceived drug effect was
observed with placebo-uninformed than with placebo-
informed instructions [F(1,235)=5.27, P<0.025]. This
effect is shown in Table 3 and Fig. 1.

At 125 mg caffeine. At 125 mg, vigor increased more
with placebo-uninformed instructions than with placebo-
informed instructions [F(1,349)=8.31, P<0.005]. The
same result occurred when perceived drug strength
served as a covariate in the analysis [F(1,349)=7.63,
P<0.005]. Responses to 125 mg caffeine did not differ
under the two drug administration instructions for dia-
stolic blood pressure or perceived drug effect. These
effects are shown in Table 3 and the vigor effect in
Fig. 3.

At 325 mg caffeine. Hand steadiness was impaired more
and vigor increased more with placebo-uninformed in-
structions than with placebo-informed instructions
[F(1,110)=13.24, P<0.001; F(1,349)=10.18, P<0.001, re-
spectively]. These effects are shown in Table 3 and
Figs. 3 (vigor) and 4 (hand steadiness). When these ana-
lyses were conducted with perceived drug strength as the
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covariate, the same result occurred for both hand steadi-
ness [F(1,110)=12.92, P<0.005] and vigor [F(1,349)=
9.35, P<0.001]. Responses to 325 mg caffeine did not
differ with the two drug administration instructions for
diastolic blood pressure or perceived drug effect.

Discussion

This investigation sought to determine whether drug ad-
ministration instructions that inform individuals of a pla-
cebo condition, as is standard practice in clinical trials,
influence the conclusions that are drawn about the drug
responses. The study also sought to determine whether
drug administration instructions influenced saliva con-
centration of caffeine. In general, relative to placebo,
similar caffeine responses were observed whether or not
individuals were aware that they might be receiving a
placebo. With both placebo-informed and placebo-unin-
formed drug administration instructions, relative to pla-
cebo, 125 mg caffeine produced significant fatigue de-
creases and 325 mg caffeine produced significant systol-
ic blood pressure and tension increases and fatigue de-
creases. Regardless of drug administration instructions,
relative to placebo, 125 mg caffeine did not produce sig-
nificant changes in systolic blood pressure, heart rate,
hand steadiness, reaction time, or tension. Likewise, the
325 mg caffeine did not produce significant changes in
heart rate or reaction time with either instructional set.
Inconsistent with the findings of Flaten et al. (1999),
drug administration instructions in this study did not
affect saliva concentration of caffeine.

Although similar caffeine responses were observed
with the two drug administration instructions on most
measures, drug administration instructions yielded dif-
ferent drug responses on one measure from each of the
three response domains. diastolic blood pressure (physi-
ological), hand steadiness (behavioral performance), and
vigor (subjective mood). Only individuals who were un-
informed of the placebo condition showed significant
diastolic blood pressure and vigor increases with 125 mg
caffeine relative to placebo. Similarly, only placebo-un-
informed individuals showed significant hand steadiness
impairment and vigor increase with 325 mg caffeine
compared to placebo. When the magnitude of these re-
sponses was directly compared under each set of instruc-
tions, those unaware of the placebo had greater changes
in vigor at 125 mg, and in vigor and hand steadiness at
325 mg than those aware of a placebo. These findings
were not accounted for by the variance associated with
perceptions of drug strength. In an analysis of the per-
ceived strength of the drug effect, those unaware of the
placebo reported a greater drug effect than those aware
of the placebo only when taking the placebo dose (and
not either caffeine dose). Any influence that drug admin-
istrations had did not occur differentially at the different
dose levels.

These results do show some consistency with those
indicating that to some extent placebo awareness influ-
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ences drug response (Tetreault and Bordeleau 1971,
Kirsch and Weixel 1988; Kirsch and Rosadino 1993).
These other studies focused on only a few measures ob-
tained under limited conditions. The findings also show
consistency with literature reviews indicating that esti-
mates of drug effects are larger when adequate control
conditions are not employed. The meta-analysis of
Greenberg et al. (1992) indicated that the methodology
of antidepressant research (i.e., integrity of blindness)
was more important than the drug being studied in pre-
dicting the outcome of a clinical trial. In contrast to the
findings other studies (Kirsch and Weixel 1988; Fillmore
and Vogel-Sprott 1992; Fillmore et al. 1994), we did not
find greater responses to the placebo dose in those who
were uninformed compared to those who were informed
of the placebo condition. In this study, the lack of influ-
ence of instructions on placebo dose response occurred
despite a greater perceived drug strength being reported
on the placebo dose (and not on either caffeine dose) by
those uninformed of the placebo. The different instruc-
tions thus appear to be sufficient to have an effect on
placebo expectancies but not powerful enough to yield
greater placebo responses.

Our findings do not support any conclusion that infor-
mation about the existence of a placebo condition dra-
matically influences conclusions drawn about drug re-
sponses. The overall picture suggests limited bias intro-
duced by instructions. When the bias exists, more con-
servative estimates of stimulant drug responses likely
occur. To the extent that drug responses in clinical trials
can be assumed to generalize to clinical practice, the
double-blind placebo-controlled trial is not likely to
yield drug responses that (a) would not be found in clini-
cal practice or (b) would be larger than responses found
in clinical practice. More conservative estimates might
occur because some active drug responses, but not
placebo responses, are larger in magnitude with placebo-
uninformed instructions than with placebo-informed in-
structions. An assessment of expectancies created by
drug administration instructions would have provided in-
formation on the mediating role of expectanciesin place-
bo and drug response. The influence of perceived drug
strength on response was assessed in a covariance analy-
sis but was found to have little effect. It is acknowledged
that the problem with using perceived drug strength as
an approximation of expectancies is that it confounds
expectancy and drug effect.

The findings of this study support the argument that
informing participants of the placebo condition in double-
blind placebo-controlled method is appropriately conser-
vative and effectively guards against the overestimation
of drug effects. The findings, however, are limited to the
laboratory context and are not assumed to be generaliz-
able to actua clinical trials. The subjects in this study
were of a narrow age range and do not necessarily reflect
the responses that could be expected from older adults.
Moreover, it is difficult to know whether uneven random-
ization of potentialy confounding characteristics (e.g.,
smoking, mental illness, etc.) contributed to any of the

findings. Future investigations might continue to movein
a more naturalistic and ecologically valid direction. An
example would be using patientsin amedical setting who
would be given an agent designed for symptom reduc-
tion. It would be wise to assess the mediating role of
expectancies on drug response in any future studies. By
assessing expectancies, causal modeling could determine
the extent to which drug response is accounted for by ex-
pectancies created by instructions or some other variable
under study.
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