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Abstract
Objective Choice may be an important influence on the effec-
tiveness and side effects of medical treatments.
Purpose We investigated the impact of having a choice of
medication compared to no choice on both nocebo and place-
bo responding.
Methods Sixty-one participants were randomly assigned to
either choose between or be assigned to one of the two equiv-
alent beta-blocker medications (actually placebos) for pre-
examination anxiety.
Results There was a greater nocebo response in the no choice
group and an increased placebo response in the choice group.
Participants in the no choice group attributed significantly
more side effects to the tablet than the choice group
(p=0.045), particularly at the 24-h follow-up (p= 0.002).
The choice group showed a stronger placebo response in heart
rate than the non-choice group.
Conclusion Not being given a choice of medication increased
the nocebo effect and reduced the placebo response to the
treatment.

Keywords Choice . Nocebo effect . Placebo effect . Side
effects . Medication efficacy

Introduction

Making choices is a central part of everyday life.
Research suggests that not only do individuals prefer be-
ing able to choose [1], but they will often prefer options
that lead to more choices even when rewards are less or
equivalent [2, 3]. Having a choice also seems to be gen-
erally associated with better outcomes [4, 5]. In the health
area, research looking at the effect of choice on response
to medical treatments suggests that when patients can
choose between equivalent treatment options, their re-
sponse to treatment is often superior to patients who do
not get a choice [6–8].

There have been a few studies examining the effect of
choice on the placebo response, and these have generally
found that choice enhances the placebo response to treat-
ment, at least in the area of pain reduction and managing
discomfort [9, 10]. To date, no investigations have been
published on how choice influences the nocebo effect or
the reported side effects of a medical treatment [11]. This
issue has gained in importance due to the fact that many
countries are seeking to contain health care costs by lim-
iting the choice of funded medications or switching from
funding a number of branded drugs to a single generic
alternative [12, 13].

This study investigated the effect of choice on the
nocebo effect and the placebo effect. In order to increase
the external validity of the study, participants knew
whether they had a choice of medication or not, as this
is what typically occurs in health care settings. We hy-
pothesized in the context of participants being able to
choose or being assigned equivalent medications that not
having a choice would increase the nocebo effect and
decrease the placebo effect.
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Method

Participants and Procedure

Sixty-one university students (41 females, 20 males) with a
mean age of 21.1 years (SD=2.78) were recruited by flyers
distributed at the University of Auckland, New Zealand. We
calculated that in order to detect a large effect size (f=0.40)
based on a difference in outcomes between participants in the
choice group and participants in the no choice group, a total
sample size of at least 52 participants was required. This was
based on a power level of 0.80 and an alpha level of 0.05.

All participants were told that the purpose of the study was
to test whether having choice or no choice would influence the
effectiveness of two different formulations of fast-acting beta-
blocker medication for the relief of pre-exam anxiety. In real-
ity, all drugs were placebos. Participants were excluded if they
were currently taking any medication that could interact with
beta-blocker medication (beta-blocker, calcium channel
blockers, digoxin) or had any medical conditions in which
beta-blocker medication use is contraindicated (asthma, dia-
betes, bronchospasms, low heart rate, blood pressure below
100/60 mmHg, pregnancy, or known allergies to beta-
blockers or inert binding agents). Of 105 students who initial-
ly expressed interest, 21 did not reply to further emails, 13
were excluded due to medical reasons, three did not want to
participate after receiving more information, and seven
booked in to take part but did not attend or reschedule. One
further participant was excluded after becoming unwell during
the experiment, and another was lost to follow-up. The study
was approved by the University of Auckland Human
Participants Ethics Committee, and all participants were
debriefed after the study. The study was undertaken at the
University Medical School Clinical Research Centre. During
the informed consent procedure prior to starting, the study
participants were told that they would be randomly assigned
to either choose or be assigned a beta-blocker to take, and
following taking the medication, they would be asked to com-
plete three brief tasks to simulate an examination.

Baseline questionnaire measurements (pre-tablet) com-
prised demographic information, state anxiety, and symptoms.
Heart rate and blood pressure were also assessed. Participants
were then informed that both beta-blockers contained 50 mg
of the active ingredient metoprolol, a commonly used beta-
blocker, which is widely prescribed for medical conditions
such as high blood pressure, rapid heart rate, as well as mi-
graines and anxiety. It was explained that the beta-blockers
work by blocking the effect of adrenaline on the body, which
lowers heart rate and blood pressure, as well as making par-
ticipants feel more relaxed and calm. Both beta-blockers were
described as fast-acting formulations that would take effect in
10 min and would exit the body within 4 h. Participants were
informed that while beta-blocker medications are widely used

and very safe, they could produce mild side effects.
Participants were told that the most common side effects ex-
perienced are headache, drowsiness, dizziness, sore throat, dry
mouth, skin itching, nausea, stomach pain, and cold hands and
feet.

The researcher then went over the minor differences be-
tween the two beta-blockers. One of the two beta-blockers
was labelled as Muprolol and described as being
manufactured in Canada by GlaxoSmithKline, while the other
beta-blocker was called Metotrol and was made in Germany
by Merck Sharp & Dohme. Muprolol was said to contain the
inert binding agent anhydrous lactose, whereas Metotrol was
described as containing the binding agent lactose
monohydrate. Participants were asked to consider the two
beta-blockers and indicate on a form which beta-blocker they
would prefer before being told whether they were in the no
choice or choice condition. The order in which the beta-
blockers were presented by the researcher and on the form
was counterbalanced.

After a beta-blocker preference was indicated, participants
were randomized to either the choice group, where they took
their chosen beta-blocker or the no choice group, where they
were randomly assigned a beta-blocker. The randomization
procedure was carried out by a co-investigator not involved
in the experiment, and group allocation (and beta-blocker if
randomized to the no choice group) was provided in sealed
opaque sequentially numbered envelopes. After taking the
beta-blocker tablet, participants sat quietly during a 10-min
waiting period in which they were told the drug would have
time to take effect. Following this, a second brief question-
naire assessing pre-test anxiety levels was completed, and
heart rate and blood pressure were recorded.

In line with the cover story of examining the effectiveness of
beta-blockers for reducing exam anxiety, participants were then
asked to complete three cognitive tasks in order to simulate a
brief examination situation. The first was a timed digit symbol-
matching task from the Wechsler Adult Intelligence Scale-III,
followed by a 2-min verbal serial subtraction task based on the
Trier Social Stress Test [14], and finally a digit span task also
taken from the WAIS-III. Following the cognitive tasks, a third
questionnaire was completed comprising physical symptoms,
side effects attributed to the medication, and anxiety before
concluding the experimental session. Heart rate and blood pres-
sure were also measured. The following day, participants re-
ceived a phone call to assess symptoms, side effects, and anx-
iety experienced since taking the beta-blocker.

Measures

Physical Symptoms

A 39-item modified version of the Subjective Health
Complaints Scale [15] was used to assess both physical
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symptoms and symptoms attributed asmedication side effects.
Nine beta-blocker-specific symptoms that participants were
informed could be drug side effects were included: headache,
drowsiness, dizziness, sore throat, dry mouth, skin itching,
nausea, stomach pain, and cold hands and feet. The remaining
30 symptomswere non-specific and relatively common symp-
toms including muscle pain and back sore. Participants were
asked to indicate their experience of the listed symptoms: not
at all (0), mild (1), moderate (2), and severe (3). Symptoms
were dichotomized as not present or present, and a sum score
of the total number of symptoms was computed. The physical
symptom scale was administered at three time points—base-
line, after completing the cognitive tasks, and during the
follow-up phone call (Cronbach’s alpha ranged from 0.78 to
0.86).

Side Effects

In the post-test and follow-up questionnaires, participants
were asked whether they thought any symptoms that they
had experienced may have been caused by the medication.
A sum score of the total number of symptoms attributed as
medication side effects was created.

Anxiety

Anxiety was assessed using the short-form State-Trait Anxiety
Inventory [16], which is similarly sensitive to the full length
STAI, and has acceptable internal consistency and validity in
numerous samples [17]. Responses to six items are on a four-
point Likert-type scale with responses ranging from not at all
(1) to very much (4). Items which were negatively worded
(calm, relaxed, content) were reverse coded, and responses
were summed to generate a total score ranging from 6 (not
at all anxious) to 24 (extremely anxious). Anxiety was mea-
sured at the baseline, post-medication, and post-test time
points, resulting in Cronbach’s alpha values between 0.67
and 0.76.

Blood Pressure and Heart Rate

Systolic blood pressure, diastolic blood pressure, and heart
rate were measured with a Spacelabs Healthcare monitor
(model 90217) using a standard cuff size. Measures were tak-
en twice at three intervals during the study session (baseline,
after taking the medication, after completing the cognitive
tasks); the mean of the two measures taken at each time point
was used.

Statistical Analysis

Analyses were conducted to assess the impact of having a
choice or not having a choice over medication on nocebo

and placebo effects. All analyses were conducted using
SPSS version 22. Linear mixed-effects analyses were used
to assess the relationship between fixed effects of group allo-
cation (choice or no choice) and the repeated measure of time
point using an unstructured covariance matrix, as well as the
random effect of individual participant, on outcome measures
of state anxiety, systolic blood pressure, diastolic blood pres-
sure, and heart rate, as well as the total number of symptoms
reported, and the number of symptoms attributed to medica-
tion (side effects). The baseline values of the outcome variable
being assessed were included in the model as a covariate. In
addition, for symptom and side effects analyses, baseline anx-
iety scores were also included in the model as a covariate, as
anxiety is consistently found to be associated with symptom
reporting [18, 19]. Significant main and interaction effects
were explored using post hoc tests with a Bonferroni adjust-
ment. An alpha level of p<0.05 was used.

Results

Sample Characteristics

Participants in the current study ranged from 18 to 30 years of
age (M=21.10, SE=2.78), were mostly female (66.70 %),
and were of European (48.30 %) and Asian (31.70 %) ethnic-
ity. Randomization resulted in 29 participants allocated to the
choice condition and 32 to the no choice condition. One par-
ticipant who had been allocated to the no choice condition was
unable to complete the study session due to illness; thus, 31
participants completed the study in the no choice condition.
There were no differences in any demographic or clinical var-
iables between the choice and no choice groups at baseline (all
ps >0.14).

Physical Symptoms

To examine whether there was a greater nocebo effect associ-
ated with not having a choice of medication, differences in
symptom reporting between the choice and no choice groups
over time (after sitting the cognitive test and at follow-up)
were assessed. Themodel did not find a significant main effect
of choice group, F(1, 53.06)=0.84, p=0.36. The no choice
group reported a similar number of symptoms (M=6.57,
SE = 0.71, 95 % CI [5.12, 8.01]) to the choice group
(M=5.98, SE=0.64, 95 % CI [4.69, 7.27]). There was a sig-
nificant main effect of time point, F(1, 58.00) = 22.55,
p<0.001, indicative of the finding that significantly more
symptoms were reported during the study session after partic-
ipants completed the cognitive test (M=7.27, SE=0.66, 95%
CI [5.94, 8.60]) than at follow-up (M=5.28, SE=0.61, 95 %
CI [4.05, 6.51]). There was not a significant interaction
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between group allocation and time point, F(1, 58.00)=2.79,
p=0.10.

Side Effects

To test whether there was a greater nocebo effect associated
with not having a choice of medication, differences in the
attribution of side effects to the medication between the choice
and no choice groups over time (after sitting the cognitive test
and at follow-up) were assessed. When examining the impact
of group allocation and time point (post-test and 24-h follow-
up) on the attribution of physical symptoms asmedication side
effects, the model identified a significant main effect of group
allocation, F(1, 53.72)=4.22, p=0.045. Overall, participants
in the no choice group attributed a significantly greater
number of symptoms to the beta-blocker medication
(M = 3.85, SE = 0.58, 95 % CI [2.55, 5.15]) than the
choice group (M=2.70, SE=0.53, 95 % CI [1.56, 3.84]).
There was a trend towards significance in the main effect of
time, F(1, 57.00)=3.03, p=0.087.

There was also a significant interaction effect between
group allocation and time point, F(1, 57.00) = 4.57,
p=0.037. Post hoc tests show that after completing the cog-
nitive tests during the study session, there was not a significant
difference in the number of side effects attributed to the med-
ication between the choice (M=3.51, SE=0.66, 95 % CI
[2.16, 4.86]) and no choice groups (M= 3.77, SE = 0.69,
95 % CI [2.30, 5.23]), p=0.74. However, at 24-h follow-up,
the no choice group attributed a significantly greater number
of side effects to the medication (M=3.93, SE=0.61, 95% CI
[2.61, 5.25]) than the choice group (M=1.89, SE=0.56, 95%
CI [0.71, 3.07]), p=0.002 (Fig. 1).

Anxiety

To analyze whether there was a greater placebo effect associ-
ated with having a choice of medication, differences in anxiety
between the choice and no choice groups over time (10 min
after taking the medication, after sitting the cognitive test, and
at follow-up) were assessed. When assessing the influence of
group allocation and time point (post-medication, post-test,
and follow-up) on anxiety levels, the model did not show a
significant main effect of choice group, F(1, 57.72)=0.006,
p=0.94. Overall, both the choice (M=8.66, SE=0.26, 95 %
CI [8.13, 9.18]) and no choice (M=8.68, SE=0.25, 95 % CI
[8.18, 9.19]) groups reported similarly low levels of state
anxiety.

There was a significant main effect of time point,
F(2, 58.12)=23.70, p<0.001. Post hoc tests revealed that par-
ticipants reported significantly higher levels of anxiety immedi-
ately after completing the cognitive tests (M=9.96, SE=0.30,
95 % CI [9.36, 10.57]) compared to immediately after the
10-min waiting period post-medication ingestion (M=8.20,

SE=0.20, 95 % CI [7.79, 8.61]), p<0.001, and at follow-up
(M= 7.85, SE = 0.22, 95 % CI [7.40, 8.29]), p< 0.001.
Reported anxiety was not significantly different between
post-medication and follow-up time points, p=0.48. There
was not a significant interaction between choice group and
time point, F(2, 58.12)=0.30, p=0.89.

Heart Rate

To test whether there was a greater placebo effect associated
with having a choice of medication, differences in heart rate
between the choice and no choice groups over time (10 min
after taking the medication and after sitting the cognitive test)
were assessed. Heart rate was assessed post-medication fol-
lowing the 10-min waiting period, and again after participants
completed the cognitive tasks. The model showed no signifi-
cant main effect of group allocation on heart rate,
F(1, 56.45) = 0.17, p= 0.68. Overall, the no choice group
(M = 73.09 bpm, SE = 0.92, 95 % CI [70.83, 75.35])
demonstrated similar heart rate readings as the choice
group (M = 72.71 bpm, SE = 0.86, 95 % CI [70.74,
74.67]). There was no main effect of time point on heart
rate, F(1, 58.00) = 0.003, p= 0.96, with overall heart rates
similar during post-medication (M = 72.92 bpm,
SE = 0.84, 95 % CI [70.84, 74.99]) and post-test
(M = 72.88 bpm, SE = 0.81, 95 % CI [70.77, 74.99])
assessments.

There was, however, a significant interaction between choice
group allocation and time point, F(1, 58.00)=4.09, p=0.048 (see
Fig. 2). This significant interaction effect indicates that changes
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Fig. 1 Bar graph showing the mean (standard error) number of side
effects attributed to medication by the no choice group and the choice
group during the study session (after completing the cognitive tests) and
at 24-h follow-up

ann. behav. med.



in heart rate pre- to post-test differed significantly between the
choice and no choice group. While post hoc tests were not sig-
nificant (all ps>0.12), the mean values for the groups at each
time point indicate that this interaction effect is because the no
choice group shows an increase in heart rate between the post-
medication assessment (following the 10-min waiting period,
M=72.45 bpm, SE=1.04, 95 % CI [70.11, 74.79]) and the
post-test assessment (following the cognitive tests,
M=73.73 bpm, SE=1.00, 95 % CI [71.41, 76.04]), while the
choice group showed a decrease in heart rate over the same
period from post-medication (M=73.38 bpm, SE=1.01, 95 %
CI [71.24, 75.52]) to post-test (M=72.03 bpm, SE=0.96, 95 %
CI [69.95, 74.12]).

Blood Pressure

To examine whether there was a greater placebo effect asso-
ciated with having a choice of medication, differences in sys-
tolic and diastolic blood pressure between the choice and no
choice groups over time (10 min after taking the medication
and after sitting the cognitive test) were assessed. There was
not a significant main effect of group allocation (choice or no
choice) on systolic blood pressure, F(1, 57.12) = 0.004,
p= 0.95, or diastolic blood pressure, F(1, 57.15) = 0.006,
p= 0.94. Overall, both systolic (Mno-choice = 117.20 mmHg,
SE=1.09, 95 % CI [115.02, 119.39]; Mchoice=117.30 mmHg,
SE=1.13, 95 % CI [115.04, 119.56]) and diastolic (Mno-

choice = 72.23 mmHg, SE= 0.66, 95 % CI [70.91, 73.56];
Mchoice = 72.31 mmHg, SE=0.69, 95 % CI [70.93, 73.68])
blood pressure readings were similar across the choice and no
choice groups.

There was a significant main effect of assessment time
point on systolic blood pressure, F(1, 58.00) = 14.43,

p<0.001, and diastolic blood pressure, F(1, 58.00) = 7.31,
p=0.009). Overall, blood pressure readings were significantly
higher after completing the cognitive tests (post-test,
Msys = 118.71 mmHg, SE=0.94, 95 % CI [116.82, 120.59];
Mdia =73.13 mmHg, SE=0.65, 95 % CI [71.82, 74.43]) than
after the 10-min waiting period following medication inges-
tion (post-medication, Msys =115.80 mmHg, SE=0.80, 95 %
CI [114.20, 117.40]; Mdia =71.41 mmHg, SE=0.48, 95 % CI
[70.46, 72.36]).

There was not a significant interaction between choice
group allocation and time point for either systolic blood pres-
sure (F(1, 58.00)=0.08, p=0.78) or diastolic blood pressure
(F(1, 58.00) = 0.88, p=0.35), indicating that the pattern of
responding was similar across the two choice groups over
time.

Preferred or Non-Preferred Tablet

In order to assess whether effects may have been due simply to
participants receiving their stated preferred tablet, rather than
having a choice or no choice, the analyses above were repeat-
ed using the no choice subgroup only, comparing those par-
ticipants who were randomly assigned to receive their pre-
ferred tablet to those who were assigned their non-preferred
tablet. In the no choice group, 15 participants were randomly
assigned their preferred tablet, and 16 received their non-
preferred tablet. There were no significant main effects of
receiving the preferred or non-preferred tablet on the number
of symptoms reported, p=0.31, side effects attributed to med-
ication, p=0.09, anxiety, p=0.62, heart rate, p=0.84, or sys-
tolic and diastolic blood pressures, ps=0.47 and 0.48, respec-
tively. Similarly, there were no significant interaction effects
between receiving the preferred or non-preferred tablet and
time point for any of the outcome variables, all ps >0.18.

Discussion

The results of the current study indicate that not having a
choice of medication resulted in a significant increase in the
nocebo response, evidenced by a greater number of medica-
tion side effects reported at follow-up in the no choice group.
Choice also influenced the placebo response, demonstrated by
participants’ heart rate response to a stressful task. After taking
the “beta-blocker”, those given a choice ofmedication showed
a reduction in heart rate, while participants given no choice
demonstrated an increase in heart rate.

The findings of the study demonstrating a nocebo response
after having a choice or no choice of medication are important
and novel. While the overall level of symptom complaints
were similar in choice and no choice groups, more symptoms
were attributed to the medication by participants in the no
choice group. In the case of side effects, this points to choice
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Fig. 2 Line graph showing the significant interaction effect between
choice group and time point on heart rate (BPM; mean, standard error)
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influencing the attributional rather than attentional processes
where more symptoms would be attributed to the effect of the
medication. The placebo response to choice is in line with
previous research [9, 10]. Having a choice over the beta-
blocker medication resulted in an enhanced placebo effect in
heart rate response to a cognitive task.

There may be implications from this study following recent
moves in health care systems around the world to contain
costs through reducing the number of funded medicines avail-
able or switching to a single funded medication [12, 13]. The
results of this study suggest that such a change, particularly to
a single funded medicine, may in itself cause a rise in nocebo
responding and a lowering of treatment efficacy [20]. This
factor has already been implicated in one medication-related
health scare [21].

Of relevance to this point is the fact that the choice provid-
ed to participants in the current study was superficial and not
central to drug efficacy. The drugs were described as being
equally effective and as having the same side effect profile,
and both drugs were unfamiliar to participants. It is likely that
the effect of choice on placebo and nocebo effects would be
even more striking when the choice is between different treat-
ments or when the patient has a strong preference for one over
the other. Indeed, previous research examining choice over
medical treatments has already demonstrated a benefit in out-
comes compared to patients who do not get a choice [6, 7].
The use of a non-clinical student sample that has no previous
experience of the medication and who does not have strong
preference for one drug over the other is an important limita-
tion of the study.

A number of other limitations should be noted. Participants
were all young and healthy, so replication in a wider range of
individuals is warranted. The changes in heart rate were rela-
tively small in this group, and it is difficult to determine from
this study what could be their relevance for clinical popula-
tions. It should also be noted that while we found effects for
heart rate and side effects, we did not find choice influenced
blood pressure or anxiety. Although the fact baseline anxiety
was very low in study participants may partly explain this
discrepancy. It is possible that if we had increased the level
of anxiety through the use of more threatening task, we may
have enhanced the nocebo and placebo effects further.

The experimental design allowed for the controlled inves-
tigation of the influence of choice on placebo and nocebo
effects. However, the use of a one-off medication limits the
generalizability of the findings to wider health settings. It
should also be noted that the design of the study did not allow
for the blinding of the experimenter to group assignment. This
should be considered in future research.

It is interesting to consider how choice may impact on the
placebo and nocebo response. One possibility is that choice
may impact on attentional processes. In the context of receiv-
ing a new drug, choice may make participants focus on

different aspects of the experience. Participants getting a
choicemay bemore focused on information that supports their
choice or sensations that show the drug is working. In con-
trast, participants who do not get a choice may be more wary
of the drug and pay more attention to side effects or signs the
medication is not doing what it should and thus be more likely
to attribute any symptoms to the effects of the drug.

The current study indicates that choice may have an impor-
tant role to play in influencing nocebo responding. More re-
search is needed to explore how choice influences the symp-
tom attribution process and the reporting of side effects. Other
areas that need further exploration are how choice over treat-
ment can be used to minimize side effect reporting and how
choice could be used to improve patients’ expectations of
treatment [11, 22]. In this way, while individuals may not
always be able to get what they want, it may be possible to
get what they need.
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