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Socially transmitted placebo effects
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Medical treatments typically occur in the context of a social interaction between healthcare providers and patients. Although
decades of research have demonstrated that patients’ expectations can dramatically affect treatment outcomes, less is known
about the influence of providers' expectations. Here we systematically manipulated providers' expectations in a simulated clin-
ical interaction involving administration of thermal pain and found that patients' subjective experiences of pain were directly
modulated by providers' expectations of treatment success, as reflected in the patients' subjective ratings, skin conductance
responses and facial expression behaviours. The belief manipulation also affected patients’ perceptions of providers' empathy
during the pain procedure and manifested as subtle changes in providers’ facial expression behaviours during the clinical inter-
action. Importantly, these findings were replicated in two more independent samples. Together, our results provide evidence
of a socially transmitted placebo effect, highlighting how healthcare providers' behaviour and cognitive mindsets can affect

clinical interactions.

the premise that alleviating patient symptoms requires treat-
ing the underlying biological disease process. However, it
has been known since at least the 1930s that contextual and psy-
chological factors such as expectations"’ and the characteristics of
clinicians themselves’™, can profoundly affect symptom relief. The
desire to minimize the effect of patients” expectations as well as cli-
nicians’ expectations that may be communicated to patients, has led
to adoption of the double-blind randomized clinical trial as the gold
standard for testing drug treatments. In fact, reducing expectancy
and other non-specific treatment effects is a critical development
in modern medicine and has accelerated the advance of medical
treatments in the twentieth century®’. Studies of placebo effects
have demonstrated that manipulations of the interpersonal®'* and
physical treatment context can, in some cases, produce substantial
effects on symptoms and behaviour'*-"” and associated brain pro-
cesses'®'**2 Improvement in placebo groups in randomized clinical
trials can rival even the most technologically advanced treatments
for neuropsychiatric disorders, such as dopaminergic gene therapy
for Parkinson’s*’ and deep brain stimulation for depression'*'®. Thus,
an important part of standard open-label clinical treatment includes
both patients’ and clinicians’ expectations. However, considerably
less is known about how clinicians’ expectations are transmitted to
patients and might ultimately affect their clinical outcomes.
Healthcare-providers’ expectations of their ability to help a
patient are particularly important to consider, as clinical trials are
rarely truly double-blind. In psychotherapy trials, a provider can-
not be blind to the treatment they are administering and therapists
may favour a specific treatment, which can account for an estimated
69% of variance in treatment outcomes™. In medical clinical trials,
there are often unblinding effects caused by the experimenters or
even by treatment side-effects?>*°, which can lead both patients and
providers to accurately identify the treatment conditions to which
the patients belong>”~*. Thus, even within the context of random-
ized clinical trials, providers’ expectations are likely contributing to
successful treatment outcomes™**'.
These effects may share similar mechanisms with interpersonal-
expectancy effects studied across multiple areas of psychology,
including psychotherapy, education and beyond***. Specifically

| he scientific foundation of medical treatments is based on

manipulating experimenters expectations about treatment out-
comes can have notable effects across a variety of experimental con-
texts. For example, rodents have been demonstrated to complete a
maze noticeably faster if the experimenter believes they have been
bred to be more intelligent™. Similarly, schoolchildren will perform
better on a standardized test at the end of the year if their teach-
ers are led to believe that they are ‘growth spurters™. Furthermore,
manipulating experimenters’ expectations about a psychological
effect can lead to a self-fulfilling prophecy”” even when the depen-
dent measures are completely automated and outside the experi-
menter’s control®. These interpersonal-expectancy results are
remarkably robust and have a consistently large effect size (Cohen’s
D=0.70) across hundreds of studies*>*.

Despite the robustness of these interpersonal-expectancy
effects, there has been surprisingly little research demonstrating
a causal link between providers’ expectations and patients’ treat-
ment outcomes. Psychotherapy research has found modest corre-
lations (r*=0.08) between providers expectations and treatment
outcomes™*'. Only one study, to our knowledge, has attempted
to demonstrate that providers expectations may be transmitted
to patients in clinical contexts using a double-blind design*’. This
study specifically examined self-reported pain following dental
surgery in two groups of patients that were randomly assigned to
receive a placebo. All patients believed that they would randomly
receive a drug that would decrease their pain (fentanyl), increase
their pain (naloxone) or have no effect on their pain (placebo).
In one placebo group (n=18), the treating providers believed that
the patients had a 33% chance of being randomized to an analgesic,
while providers treating the other placebo group (n=38) believed
that there was a 0% chance of the patients being randomized to
an analgesic. Interestingly, only the placebo group, for which the
providers believed that the patients could receive fentanyl, reported
a decrease in pain 60min after treatment. This provocative study
suggests that providers’ expectations of treatment effectiveness may
affect patients’ treatment outcomes.

In the present study, we systematically test for an interpersonal-
expectancy effect in a simulated clinical interaction involving
administration of thermal pain. In a single-blind design, we exam-
ined the effect of the provider’s expectations of the analgesic effect
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of two different treatment creams on the patient’s pain experience.
Across three studies, participants (n=194) were randomly assigned
to play the role of either ‘doctor’ or ‘patient’ Doctors were told that
they would be administering ‘thermedol; a transient receptor poten-
tial-channel blocker with analgesic effects for thermal pain and an
inert control cream to patients as a treatment to mitigate the effects
of noxious heat stimulation. In actuality, both creams were identical
petroleum jelly-based creams with no analgesic effects. In addition
to being told about the effectiveness of each cream, doctors under-
went a placebo-conditioning protocol, in which each cream was
paired with different temperatures of thermal stimulation*>*. In the
subsequent interaction phase, doctors administered each cream to
the volar surface of patients’ forearms and then applied a 47 °C ther-
mal stimulation. We examined whether the doctors’ beliefs affected:
(1) patients” subjective reports of pain experience, (2) patient’s auto-
nomic arousal measured through their skin conductance response
(SCR) and (3) patients’ pain behaviour communicated via facial
expressions. Importantly, through this systematic manipulation, we
explored an unknown territory in clinical settings—how doctors
transmit their beliefs to patients—providing an empirical demon-
stration of a socially transmitted placebo effect.

Results

Doctor conditioning phase. In Study 1, we recruited 48 partici-
pants (52.08% female) comprising a total of 24 dyads and randomly
assigned one person to the role of doctor and the other to the role of
patient. In the doctor conditioning phase, we manipulated the doc-
tor to believe that the thermedol cream was more effective in reduc-
ing thermal pain compared to the control cream. The doctor was
asked to experience the effectiveness of each cream using a condi-
tioning paradigm such that thermedol was paired with a lower tem-
perature (43 °C) compared to the control treatment (47 °C) (Fig. 1a).
Overall, doctors reported experiencing less thermal pain when ther-
medol was applied compared to the control treatment, b'=—22.63,
s.em.=2.91, #(21.95)=-7.78, P<0.001, confidence interval (CI)
[—28.45, —16.81] (Fig. la and Extended Data Fig. 1), which cor-
responded to increased beliefs in the effectiveness of the thermedol
treatment, b=24.60, s.e.m.=5.08, #(23.00)=4.84, P<0.001, CI
[34.76, 14.44] (Fig. 1a and Extended Data Fig. 1). Beta values reflect
the difference in rating scores when doctors received the thermedol
treatment compared to the control treatment (b'=22.63 indicates
the difference in scores between conditions on a 100-point scale);
we assumed a normal distribution of data and used two-tailed
hypothesis tests.

Doctor-patient interaction phase. Next, in the doctor-patient
interaction phase, we examined whether the doctors’ beliefs about
the treatment being administered affected the patient’s subjective
experience of pain. Doctors were told that this experiment followed
a single-blind procedure and that they were not permitted to reveal
differences between these two treatments when interacting with the
patients. Importantly, doctors™ beliefs formed in the conditioning
phase were maintained in the interaction phase before they admin-
istered the treatments, b=61.92, s.e.m.=5.60, #(26.54)=11.05,
P<0.001, CI [73.12, 50.72] (Fig. la, Extended Data Fig. 2c and
Supplementary Table 1).

Across both treatments, patients received the same temperatures
of pain stimulation (47°C) and were asked to rate their belief of
the effectiveness of each treatment and their overall and continu-
ous pain ratings. Following previous placebo-conditioning stud-
ies that have demonstrated counterbalancing effects indicating
the need for a reference experience before receiving a placebo®,
patients always received the control before the thermedol treatment
(Fig. 1b). We found that, despite receiving the same level of ther-
mal stimulation, patients reported a significant increase in beliefs
of effectiveness in the thermedol compared to control treatment,

F(1, 23.00)=5.63, P=0.03 (Fig. 1b and Supplementary Table 1).
Consistent with these beliefs, patients reported experiencing less
pain in the thermedol treatment compared to control, b=-7.30,
s.e.m.=1.53, #22.00) =—4.78, P<0.001, CI [—-10.36, —4.24] (Fig. 1b
and Supplementary Table 1). This finding was also observed in
the maximal pain reported during their continuous pain ratings,
b=-11.52, s.em.=2.05, #(22.00)=-5.63, P<0.001, CI [-15.62,
—7.42] (Extended Data Fig. 2b and Supplementary Table 1).

Objective measures of pain experience. To rule out the possibility
that the observed socially transmitted placebo effect was not simply
a reporting bias akin to a demand characteristic*’, we examined the
effect of manipulating doctors™ beliefs on two objective measures
of pain experience: autonomic arousal (SCR) and behavioural dis-
plays of pain (facial expressions). Consistent with their subjective
experience of pain, patients showed a lower SCR response for ther-
medol compared to the control treatment, b=—1.67, s.e.m.=0.52,
£(20.14)=—3.20, P=0.004, CI [-2.71, —0.63] (Fig. 2a and
Supplementary Table 1).

Both patients’ and doctors’ facial expressions were recorded at
120 Hz using custom headsets*. We used a pretrained convolutional
neural network model to extract 20 facial action units (AU) and
three estimated head rotations (pitch, yaw and roll) for each frame
of the video during the experiment'*. Facial AUs are a standard-
ized system to describe the intensity of facial muscle movements®.
We then trained a pain expression (PE) model predicting the doc-
tor’s overall pain ratings during each trial of the conditioning phase
using a linear ridge regression with three features of each facial
AU (the probability of maximal expression, max; probability of
minimal expression, min; and time to maximal expression, tmax).
Using leave-one-subject-out (LOSO) cross-validation, this model
achieved an average correlation between predicted and actual pain
ratings of r=0.41, r’=0.17, s.d.=0.33, P=0.003, determined by
permuting training labels (Extended Data Fig. 3b; see Methods for
details). We projected the model weights from the max value onto
a two-dimensional representation of facial landmarks. This visual-
ization suggests that the model is detecting facial behaviours pre-
viously associated with pain expression as features related to brow
lowerer (AU4), lip corner puller (AU12), wrinkling of nose (AU9)
and raising upper lip (AU10) predicted greater pain ratings (Fig. 2b,
Extended Data Fig. 3a and Supplementary Table 2)**°".

We next tested whether facial expression was a plausible mecha-
nism for the communication of beliefs from doctors to patients. The
PE model, trained on doctors’ pain facial expressions, was also able
to reliably predict patients’ reported experiences of pain. Specifically,
model predictions significantly correlated with patients’ overall
pain ratings, r=0.24, s.d.=0.31, P=0.003, determined by a permu-
tation test (Extended Data Fig. 3¢; see Methods for details), validat-
ing the reliability and generalizability of the PE model. Importantly,
predicted pain ratings in the facial expression-based model were
significantly lower in the thermedol treatment than in the control
treatment, b=-0.14, s.e.m.=0.05, #(17.02)=-2.86, P=0.01, CI
[—0.24, —0.04] (Fig. 2b and Supplementary Table 1). Together, these
results provide converging evidence across self-reported pain, auto-
nomic arousal and facial behaviours that patients were experiencing
less physical pain when doctors believed they were delivering an
efficacious treatment.

Doctor’s display different facial expressions between thermedol
and control treatments. Next, we examined how doctors might be
transferring their beliefs about the treatments to patients via doctor’s
facial expressions. One possibility is that the doctors were display-
ing different pain facial expressions when delivering the thermedol
treatment compared to the control because they believed that ther-
medol was the only effective treatment. To test this hypothesis, we
applied the PE model to predict doctors” pain facial behaviours in
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Fig. 1| Experimental design and subjective reports of pain and beliefs of effectiveness in study 1. a, During the doctor conditioning phase: (i) the doctor
was manipulated to believe that the thermedol treatment (blue) reduced thermal pain more than the control treatment (red) by pairing a lower temperature
with the thermedol treatment over eight trials; (ii) conditioning was successful as the doctor reported an increased belief in the efficacy of thermedol
(b=24.60, s.e.m.=5.08, t(23.00)=4.84, P<0.001, Cl [34.76, 14.44]) and maintained a stronger belief in the thermedol in the next phase (b=61.92,
s.e.m.=5.60, t(26.54) =11.05, P< 0.001, ClI [73.12, 50.721); and (iii) the doctor experienced less thermal pain with the thermedol than the control
treatment (b=-22.63, s.e.m.=2.91, t(21.95)=—-7.78, P<0.001, Cl [-28.45, —16.81]). b, During the doctor-patient interaction phase: (i) the patient
interacted with the doctor but the patient received the same intensity of thermal stimulation pain across both treatments; (ii) in line with the doctor’s
reports, the patient reported a stronger belief in the efficacy of thermedol (F(1, 23.00) =5.63, P=0.03); and (iii) the patient experienced less thermal

pain with the thermedol than the control treatment (b=-7.30, s.e.m.=1.53, t(22.00) =—-4.78, P< 0.001, CI [-10.36, —4.241]). All panels include data

from 24 dyads. Error bars represent s.e.m.

the doctor-patient interaction phase. Interestingly, we observed
a similar effect to the patients: doctors expressed less pain facial
expression behaviour while patients were receiving stimulation
with the thermedol than with the control treatment, b=-0.10,
s.em.=0.03, {(17.78)=—2.43, P=0.03, CI [—0.16, —0.04] (Fig. 2b
and Supplementary Table 1). In addition, patients appeared to be
sensitive to this behavioural change in the doctors and reported
finding the doctors more empathetic when delivering the therm-
edol treatment compared to the control, b=9.61, s.e.m.=3.36,
1(33.67) =2.86, P=0.007, CI [16.33, 2.89] (Extended Data Fig. 2d
and Supplementary Table 1).

To assess if the doctor’s facial expressions served as the mecha-
nism of the belief transmission, we conducted two more mediation
analyses. First, we examined if the transmission of beliefs between
the doctor and patient was mediated by the doctor’s facial expres-
sions. We found that our manipulation of doctors’ beliefs (condition)
was highly related to patients’ subjective pain ratings, b=-7.03,
s.e.m.=1.99, £(18.00)=—3.54, P=0.002, CI [-11.01, —3.05] but
this relationship did not appear to be mediated by the predicted
pain level from doctors’ facial expressions, b=—-8.11, s.e.m.=2.31,
£(18.78) = —3.52, P=0.002, CI [~12.73, —3.49] (with the mediator
in the model). Second, we explored whether changes in the doc-
tors’ facial expressions could account for the patients’ empathy
effects. We found that our manipulation of doctors’ beliefs (condi-
tion) was highly related to patients’ perceptions of doctors’ empathy,
b=12.75, s.e.m.=3.86, £(18.00)=3.31, P=0.004, CI [20.47, 5.03]
but this relationship did not appear to be mediated by the predicted
pain level from doctors’ facial expressions, b=13.34, s.e.m.=4.14,
£(18.19)=3.02, P=0.007, CI [21.62, 5.06] (with the mediator in
the model). However, the predicted pain level from doctors’ facial
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expressions was marginally related to patients’ perceptions of doc-
tors’ empathy, b=—37.50, s.e.m.=26.13, #(33.78) = —1.44, P=0.16,
CI [14.76, —89.76]. These results suggest that, though the doctors
are behaving differently between the thermedol and control condi-
tions, the amount of predicted pain in the doctors’ facial expressions
did not directly lead to the patients’ reduced pain experience.

Study 2. In study 2 (n=86 participants; 62.79% female), we
attempted to address additional questions about the socially trans-
mitted placebo effect. First, study 1 had a modest sample size and
we wanted to ensure the robustness of our effects by replicating the
effect in an independent sample. Second, we wanted to rule out the
possibility that our socially transmitted placebo effects were not
simply due to participants habituating to the pain stimulation. For
example, participants always experienced less pain in the treatment
delivered in the second order. Thus, in study 2, we counterbalanced
the treatment order across dyads, where some dyads received the
control treatment first (original order), whereas the others received
the thermedol first (reverse order). Third, we also examined the
effect of temperature intensity to test the consistency of our findings
across two different temperatures (46 and 47 °C) and also examined
the effect of experimenter using two separate experimenters.
Overall, we were able to successfully replicate the results from
study 1 (Fig. 3a). In the conditioning phase, doctors reported
increased beliefs of effectiveness to the thermedol, b=16.49,
s.em.=4.98, #(42.00)=3.35, P=0.002, CI [26.45, 6.53] (Fig. 3a
and Extended Data Fig. 4) and experienced less pain, b=—-22.93,
s.em.=2.28, #(40.05)=-10.07, P<0.001, CI [-27.49, —18.37]
(Fig. 3a and Extended Data Fig. 4) in the thermedol compared to
the control treatment condition. In the doctor-patient interaction
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Fig. 2 | Objective measures of pain experience in study 1. a, The orange line indicates the duration of pain stimulation (1.5s ramp-up, 10s at peak
temperature and 1.5s ramp-down). The patient showed lower SCR to the thermedol (blue) than the control treatment (red) (b=-1.67, s.e.m.=0.52,
t(20.14)=-3.20, P=0.004, CI [-2.71, —0.631). b, (i) A visualization of the PE model: the left face demonstrates a neutral facial expression, the middle
face depicts the two-dimensional deformation of each facial landmark from the neutral expression to the PE model (red arrows indicate the vector field of
how each landmark morphed from neutral to the pain expression) and the right face depicts the overall deformation of the face along with how much the
maximum value of each AU contributed to predicting pain in the PE model (darker colour indicates higher parameter estimates). (ii) The patient expressed
reduced pain facial behaviours under the thermedol than the control treatment (b=-0.14, s.e.m.=0.05, t(17.02) =-2.86, P=0.01, Cl [-0.24, —0.04 D).
(i) In line with the patient, the doctor also expressed reduced pain facial behaviours to the thermedol than the control treatment (b=-0.10, s.e.m.=0.03,
t(17.78) =—-2.43, P=0.03, CI [-0.16, —0.041]). Panel a includes data from 21 patients and b includes data from 19 dyads. Error bars represent s.e.m. AU,

arbitrary units.

phase, we found a significant time X condition X order interaction,
F(1, 81.58)=9.99, P=0.002 (Supplementary Table 3), in patients’
beliefs of effectiveness. Patients reported higher beliefs of effec-
tiveness for the thermedol compared to the control treatment after
pain stimulation only when treatments were delivered in the origi-
nal order (control followed by thermedol), b=24.58, s.em.=6.13,
1(82.66) =4.01, P=0.003, CI [36.84, 12.32] (Fig. 3b) but not in the
reverse order, b=-9.00, s.e.m.=6.57, #(82.66)=-—1.37, P=0.87,
CI [—22.14, 4.14] (Fig. 3c). We also observed a significant condi-
tionXorder interaction for the patient’s subjective pain experi-
ence, F(1, 38.10)=12.34, P=0.001 (Supplementary Table 3), with
patients reporting experiencing less pain for the thermedol than the
control treatment only in the original order, b=—7.35, s.e.m.=1.84,
£(38.46) =—4.00, P=0.002, CI [-11.03, —3.67] (Fig. 3b) but not in
the reverse order, b=2.25, s.e.m.=2.05, #(38.47)=1.10, P=0.69,
CI [6.35, —1.85] (Fig. 3¢). Similarly, patients also showed a signifi-
cant condition X order interaction, F(1, 398.55)=11.00, P<0.001
(Supplementary Table 3) for SCR, exhibiting lower SCR for ther-
medol than the control treatment but only in the original order,
b=-0.86, s.em.=0.37, #(379.35)=-2.81, P=0.03, CI [-1.60,
—0.12] (Extended Data Fig. 5a) and not in the reverse order,
b=0.53, s.e.m.=0.29, #(375.93)=1.85, P=0.25, CI [1.11, —0.05]
(Extended Data Fig. 5b). In addition, patients reported finding the
doctors more empathetic in the thermedol treatment compared to
the control, b=15.15, s.e.m.=5.67, t(84.76)=2.67, P=0.009, CI
[26.49, 3.81] and this finding was not affected by the administra-
tion order of the two treatments, conditionXorder interaction,
F(1,42.48)=0.43, P=0.51 (Supplementary Table 3). Finally, we also

observed a significant main effect of temperature intensity on sub-
jective pain experience, F(1, 39.12) =8.00, P=0.007 but no main
effect of experimenter on pain intensity nor any significant interac-
tions with the conditions of interest (Supplementary Table 3).

In summary, these results fully replicated all effects observed in
study 1 in an independent sample and provide additional support
that the effect is unlikely to be a result of specific participants or a
specific experimenter. Although we did not observe evidence of a
habituation effect, it is important to note that we did find that the
temporal ordering of the conditions significantly affected the results,
which is consistent with previous placebo-conditioning studies®.

Study 3. In study 3 (n=60 participants; 65.00% female), we
attempted to address central remaining questions from study 1
and 2 about the socially transmitted placebo effect. First, although
findings from study 2 suggested that this effect was unlikely to be
explained by habituation in a between-subject design, a within-sub-
ject design would provide an even stronger test. Thus, in study 3, we
used a within-subject ABBA design (administration order: control-
thermedol-thermedol-control) during the doctor-patient interac-
tion phase. Second, to confirm that our findings were not affected
by the presence of cameras, we removed head-mounted cameras
in this study. Third, since we did not control for the expectations
of experimenters in the first two studies, in study 3, experiment-
ers were completely blind to the experimental conditions during
the doctor—patient interaction phase. Finally, we sought to exam-
ine whether our findings could be extended using a higher thermal
stimulation temperature (48 °C).

NATURE HUMAN BEHAVIOUR | www.nature.com/nathumbehav


http://www.nature.com/nathumbehav

a (i) i (iii)
. ()100- 100 - 100 4
- [ ] [ ] [ ]
Q2 i
® o @ g @ w e
c c
£ 5 o
Temperature 47 43 47 & 601 5 601 £ 699
: ; ® 2 e
Trial 1 213 4 5 6 7 8 S 40 g 404 § 401
Control Thermedol Control % k9]
g 20 8 201 20
0- 0- 0-
Thermedol Control  Thermedol Control  Thermedol
b
) [ ) O (i (i)
RO *]
O
60 -
T t T 5 T o Q 501 Q
emperature i @ )
P 5 g 40 @ @
Trial 1234567891011 1213 141516 £ 204 o 401
H 0] £
Condition Control Thermedol § 0+ “ T
ol
Block B1 : B2 g —20 - g
Original order 2 —40
[
Z 60+
-80 T T
Control ~ Thermedol Control  Thermedol
< (i) (if) (iii)
[ O 801 60 1
®O ;o O 0 O
Temperature T i T g 40 @ @
; £ 40 A
Trial 12345678 910111213141516 3 20 | 2
Condition Thermedol Control g 04 I E 30 1
£ _ood ‘©
Block B1 i B2 o 20 o 54
Reverse order T —40
g 10
< 601
-80 T T 0 -
Thermedol  Control Thermedol  Control

Fig. 3 | Experimental design and subjective reports of pain and beliefs of effectiveness in study 2. a, During the doctor conditioning phase: (i) doctors
were manipulated to believe that the thermedol treatment (blue) reduced more thermal pain than the control treatment (red) by pairing a lower

temperature with the thermedol treatment; (ii) doctors reported increased beliefs in the effectiveness of the thermedol treatment (b=16.49, s.e.m.=4.98,
t(42.00)=3.35, P=0.002, Cl [26.45, 6.53]), which was maintained in the next phase; and (iii) doctors experienced less thermal pain with the thermedol
than the control treatment (b=-22.93, s.e.m.=2.28, t(40.05) =—-10.07, P< 0.001, Cl [-27.49, —18.371). b, During the doctor-patient interaction phase:
(i) half of the patients received treatments in the original order (the same order as study 1) with the same intensity of pain; (ii) patients reported having
higher increases in beliefs of effectiveness (b=24.58, s.e.m.=6.13, t(82.66) =4.01, P=0.003, Cl [36.84, 12.32]); and (iii) patients reported experiencing

less thermal pain with the thermedol than the control treatment (b=-7.35, s.e.m.=1.84, t(38.46) =—-4.00, P=0.002, CI [-11.03, —=3.671). ¢, (i) Half of
the patients received treatments in the reverse order (thermedol first and control second); (ii) the patients reported having no difference between the
two treatments in beliefs of effectiveness (b=-9.00, s.e.m.=6.57, t(82.66) =—1.37, P=0.87, Cl [-22.14, 4141); and (iii) the patients reported subjective
experience of thermal pain (b=2.25, s.e.m.=2.05, t(38.47)=1.10, P=0.69, CI [6.35, —1.85]). All panels include data from 43 dyads across both orders.

Error bars represent s.e.m.

We were again able to successfully replicate the results from study
1 and study 2 (Fig. 4). In the conditioning phase, doctors reported
increased beliefs of effectiveness with the thermedol, b=25.89,
s.em.=3.95, #(29)=6.55, P<0.001, CI [33.78, 17.98] (Fig. 4a
and Extended Data Fig. 6) and experienced less pain, b=-31.92,
s.em.=2.89, #(30.02)=-11.02, P<0.001, CI [-37.70, —26.14]
(Fig. 4a and Extended Data Fig. 6) in the thermedol compared to
the control treatment condition. In the doctor-patient interac-
tion phase, patients reported a significant increase in beliefs of
effectiveness in the thermedol compared to the control treatment,
time X condition interaction, F(1, 178.00)=4.98, P=0.03 (Fig. 4b
and Supplementary Table 4), and in line with their beliefs, patients
also reported experiencing less pain in the thermedol relative to
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the control treatment, b=-3.70, s.e.m.=1.53, #(27.30)=-2.42,
P=0.02, CI [-6.76, —0.64] (Fig. 4b and Supplementary Table 4).
Similarly, patients also showed lower SCR for the thermedol than
the control treatment, b=-1.37, s.e.m.=0.67, £(285.60)=—2.04,
P=0.04, CI [-2.71, —0.03] (Extended Data Fig. 7b and
Supplementary Table 4). Finally, patients also reported finding the
doctors more empathetic in the thermedol compared to the control
treatment, b=6.88, s.e.m.=2.89, £(96.03) =2.38, P=0.02, CI [12.66,
1.10] (Supplementary Table 4).

Overall, the results in study 3 successfully replicated all effects
from study 1 and study 2 in another independent sample. Impor-
tantly, we demonstrated that the effects could not be explained
by central or peripheral habituation using a within-subject ABBA
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Fig. 4 | Experimental design and subjective reports of pain and beliefs of effectiveness in study 3. a, During the doctor conditioning phase: (i) the
doctors were manipulated to believe that the thermedol treatment (blue) reduced more thermal pain than the control treatment (red) by pairing a lower
temperature with the thermedol treatment; (ii) the doctor reported having an increased beliefs of effectiveness in the thermedol (b=25.89, s.e.m.=3.95,
t(29) =6.55, P<0.001, Cl [33.78, 17.98]) and maintaining a stronger belief in the thermedol in the next phase (b=62.57, s.e.m.=3.37, t(37.18) =18.57,
P<0.001, CI [69.31, 55.831); and (iii) the doctor experienced less thermal pain with the thermedol than with the control treatment (b=-31.92, s.e.m.=2.89,
t(30.02)=-11.02, P<0.001, CI [-37.70, —26.14]). b, During the doctor-patient interaction phase: (i) the patient interacted with the doctor but the patient
received the same intensity of thermal stimulation across all trials in both treatments; (ii) consistent with the doctor’s beliefs, the patient showed an
increase in belief in the effectiveness of thermedol (F(1,178.00) =4.98, P=0.03); and (iii) the patient experienced less pain with the thermedol than the

control treatment (b=-3.70, s.e.m.=1.53, t(27.30)

design. We also showed that the effects could be generalized to
contexts without the presence of cameras, which are more like
actual clinical contexts suggesting that the effect was not enhanced
by increased awareness that participants were being video moni-
tored. Lastly, we controlled for the expectations of the experiment-
ers, demonstrating that the effects were purely transmitted from
doctors to patients. These findings provide strong evidence that
the socially transmitted placebo effect is not due to habituation,
presence of cameras and the beliefs of experimenters.

Discussion

In this study, we systematically examined the effect of doctors’
beliefs about treatment effectiveness on patients’ pain experience in
a single-blind simulated clinical interaction across three indepen-
dent studies. We successfully induced doctors’ beliefs about the effi-
cacy of the thermedol treatment via instruction and a conditioning
protocol. These beliefs were implicitly transmitted to the patients
during a brief single-blind treatment. After the clinical interac-
tion with doctors, patients not only showed the same beliefs about
treatment effectiveness but also subjectively perceived less pain
as a result of the treatment despite there being no real difference
between treatment and control conditions. This did not appear to
be a reporting bias as this pattern of results was also observed using
objective pain measures, such as psychophysiology (SCR) and facial
expressions. These results appear to generalize beyond the specific
doctors, patients and experimenters as we successfully replicated
our effects in an independent sample in study 2. In study 3, we

242,P=0.02, CI[-6.76, —0.641]). All panels include data from 30 dyads. Error bars represent s.e.m.

further demonstrated that these results were not due to central or
peripheral habituation, nor influenced by the presence of cameras.
By recruiting experimenters blind to the experimental conditions
to run the interaction phase, we ensured that the effect was purely
transmitted from the doctors to the patients. These findings provide
a compelling demonstration that beliefs about a treatment’s effec-
tiveness induced in doctors can be implicitly transferred to patients
via brief social interactions, which has important implications for
how healthcare providers interact with patients.

Our findings provide strong evidence for the causal role of doc-
tors’ expectations of treatment effectiveness in patients’ treatment
outcomes, demonstrating the importance of interpersonal-expec-
tancy effects in clinical settings. Interpersonal-expectancy effects
have been observed across diverse domains, such as the effect of
experimenters’ expectations on the performance of rodents®, the
effect of experimenters’ expectations on subjects’ blood pressure™,
the influence of teachers’ expectations on students’ performance®
and even the effect of judges’ expectations on jurors verdicts™.
Although the robustness of interpersonal-expectancy effects has
been well established across hundreds of human and animal stud-
ies>*, there has been a paucity of research exploring this effect
within clinical contexts*. Interestingly, a few studies have provided
positive evidence that healthcare providers’ or caregivers’ expec-
tations could potentially affect patients’ treatment outcomes. For
example, the mental status of nursing-home patients was shown to
differ based on manipulating the expectations of caregivers; patients’
mental status in the high-expectancy group was better than those in
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the average expectancy group after weeks of treatments™. Similarly,
caregivers’ expectations further influenced patients’ quality of life
following cancer treatment™. Our study provides additional empiri-
cal support that interpersonal expectancies can substantially affect
patients” treatment outcomes.

This work also provides empirical support for understanding the
mechanisms underlying psychotherapeutic interventions. Meta-
analyses of hundreds of psychotherapy studies have found that psy-
chotherapy is an effective treatment compared to waitlist control
but no specific technique appears to consistently perform better
than another””. While specific psychotherapeutic treatments have
been estimated to only account for about 10% of treatment outcome
variances, factors common to many treatments have been estimated
to explain about 70% of treatment outcome variance®. These so-
called ‘common factors’ include treatment mechanisms such as:
patient—provider relationships, patients’ expectations and provid-
ers’ expectations® and can be found in virtually all healing relation-
ships>**". Expectations that providers can help treat a malady® and
a trusting therapeutic relationship®' have been shown to be particu-
larly effective in improving treatment outcomes by instilling hope®,
increasing treatment adherence® and even reducing malpractice
lawsuits®’. Moreover, treatment providers appear to have consider-
able variability in their overall treatment effectiveness, even when
delivering identical treatments, which provides additional support
for the importance of expectations and relationships in treatment
outcomes®’. Our study demonstrates that common factors, such
as provider expectations, can be studied empirically in a laboratory
setting and we hope that this will inspire many more rigorous inves-
tigations into these important mechanisms of change resulting from
psychotherapeutic interventions.

How do healthcare providers implicitly transmit their beliefs
to patients? We found evidence of subtle changes in doctors’ facial
expressions in response to the treatment based on their prior beliefs.
Doctors appeared to convey more information relating to facial
displays of pain when administering the control treatment, which
they believed was ineffective. We speculate that there are at least
two possible mechanisms underlying the socially transmitted
placebo effect. One possibility is that the doctors send some non-
verbal information that communicates their beliefs about which
treatment is more likely to be the active treatment. Alternatively,
the doctor might be more attentive to the patient and develop a
more empathetic connection which ultimately makes the patient
feel better when they are receiving pain stimulations. The patient
may then incorrectly attribute this analgesic effect to the thermedol
treatment. These proposed mechanisms are consistent with previ-
ous work emphasizing the importance of provider-patient alliances
on patients’ treatment outcomes®-**"". For example, when patients
perceived their providers as more empathetic during treatments,
patients’ severity and duration of the common cold decreased
significantly compared to those who perceived their providers as
less empathetic’>. We believe that a more detailed understanding of
the specific mechanisms of belief transmission should be explored
in future work”.

Although doctors’ expectations were crucial in establishing
the socially transmitted placebo effect, patients appeared to first
require a reference experience before receiving the placebo treat-
ment. Reference points have been demonstrated to play a critical
role in sensory perception and subjective value. For example, early
work on sensation and perception found an exponential relation-
ship between the objective intensity of a stimulus and the perceived
change in subjective perception referred to as the ‘just noticeable
difference’””*”. Similar exponential effects have also been found in
reference-dependent models of utility such as prospect theory’.
In clinical contexts, patients’ symptoms (for example, depressed
mood) reflect their baseline state and serve as a reference experience,
which can change based on successfully responding to a treatment
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often in the form of an exponential function. We speculate that in
the absence of a pathological condition, healthy controls require a
baseline reference experience before they can experience placebo-
induced analgesia. Indeed, several studies have demonstrated that
healthy participants only show a placebo effect when a control treat-
ment is administered first*>””7%. These results informed our research
design in study 1 in both the doctor conditioning phase (high pain
first and low pain second) and the doctor-patient interaction phase
(control treatment first and placebo treatment second). We extend
this finding to socially transmitted placebos in study 2. Individuals
who received the original order showed robust placebo analgesia
effect, whereas those who received the reverse order showed no
such effect. We did not observe any evidence of habituation but
rather that the socially transmitted placebo first required a refer-
ence baseline pain experience.

One potential limitation of our study is that all participants were
college students, not real healthcare providers or patients. Although
the generalizability of our findings to clinical population may be
limited, the fact that even participants with no medical expertise or
training showed transmitted placebo effects through a brief social
interaction in a highly controlled laboratory environment indicates
that the influence of doctors’ expectations on patients’ outcomes
will probably be even larger. In a real clinical context, more con-
textual cues, such as verbal suggestions and environmental cues,
as well as doctors” and patients’ prior experiences may amplify the
transmission effect””. We look forward to future work that will
expand on these findings in clinical contexts with real providers
and patients.

In conclusion, we find converging evidence across three inde-
pendent samples that providers’ expectations about the efficacy of a
treatment can substantially affect patients’ treatment outcomes via
implicit social cues. This finding has important implications for vir-
tually all clinical interactions between patients and providers and
highlights the importance of explicit training in bedside manner
when delivering information and interventions. For example, some
trainings focus on providers’ psychological aspects, such as empa-
thy®**2 and others emphasize communication skills*. We believe
that the tremendous resources invested in discovering new treat-
ments should be complemented by additional investment in under-
standing the mechanisms underlying one of the oldest and most
powerful medical treatments—healers themselves.

Methods

Participants. A total of 194 participants (age range 18-28 years) were recruited
from a large sample of undergraduate students from Introduction to Psychology
and Introduction to Neuroscience classes at Dartmouth College and received
course credit for their participation. Forty-eight participants (24 dyads, 52.08%
female) were recruited in study 1, 86 participants (43 dyads, 62.79% female) were
recruited in study 2 during a different term and another 60 participants (30 dyads,
65.00% female) were recruited during a separate term in study 3. All participants
gave informed consent in accordance with the guidelines set by the Committee for
the Protection of Human Subjects at Dartmouth College.

Procedures. Study 1. Pre-experimental instruction phase. The experiment
involved three phases: (1) the pre-experimental instruction phase, (2) the doctor
conditioning phase and (3) the doctor—patient interaction phase. During the
pre-experimental instruction phase, the experimenter told each dyad that, since
the goal of the experiment was to study social interaction in clinical settings, one
participant was randomly assigned the role of ‘doctor’ and the other the role of
‘patient’ The experimenter explained that participants would see two treatments
during the experiment: one was thermedol, a cream targeting skin pain receptors to
reduce thermal pain (it selectively blocks transient receptor potential ion-channels
to reduce nociceptive pain by disrupting heat sensing®) and the other one was an
inert petroleum jelly-based cream, serving as the control treatment. However, in
actuality, both treatments were inert petroleum jelly-based cream. Participants
were then told that the doctor would deliver these two treatments to the patient

in an unknown order and the patient needed to report their pain ratings while
receiving thermal pain stimulation from the doctor. Lastly, the experimenter told
the dyad that before the patients received treatments, the doctors would participate
in a practice trial with the experimenters so that they could familiarize themselves
with the experimental procedure. In fact, this practice trial served as the doctor
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conditioning phase, making the doctor believe one treatment reduces more pain
than the other one.

Doctor conditioning phase. At the beginning of the doctor conditioning phase,
the doctor was first told that they would experience an abbreviated version of the
experimental procedure used in the doctor—patient interaction phase. The doctor
was manipulated to believe that thermedol more effectively reduced thermal pain
compared to the control. The success of manipulating doctors’ belief relied on two
stages. First, the experimenter squeezed thermedol from a seemingly authentic
tube (with an ingredient list, a UPC code and manufacturer information) into

one container and asked the doctor to mix petroleum jelly-based cream with food
colouring into a separate but identical container. Each treatment was associated
with a different colour (blue and red) in order to help the doctors differentiate the
two treatments. These colours were counterbalanced across dyads. This procedure
ensured that the doctors would believe that this experiment followed a single-blind
procedure and the patients were the only ones who had no prior knowledge about
the colour of the thermedol treatment.

After introducing the two treatments to the doctors, a head-mounted
camera recording system was attached to the doctors’ head to record their facial
expressions during the whole experiment. This camera recording system includes
a GoPro camera attached to lightweight head-gear* and designed to prevent head
and body motion without blocking eye contact in experiments involving social
interaction. After setting up the camera, the doctors were told that they would
receive a series of pain stimulations to four sites on the volar surface of their
left inner forearms. These four sites were organized in a 2 X 2 layout, with one
treatment being placed on two sites (for example, thermedol on sites 1 and 2) and
the other treatment being placed on the other two sites (for example, control on
sites 3 and 4). The doctors were told that they would receive two pain stimulations
on each site, resulting in a total of eight stimulations across all four sites.

Before applying the two treatments, the doctors also received a series of
practice trials with one stimulation on each site, totalling four stimulations. Each
stimulation was delivered using a 30 X 30 mm? ATS thermode (Medoc) and lasted
about 13 s for a higher temperature (47 °C), including 1.5 s for ramp-up, 10s at
47°C and 1.5s for ramp-down. For a lower temperature (43 °C), it lasted about
12.4s, including 1.2 s for ramp-up, 10s at 43 °C and 1.2 s for ramp-down. During
each stimulation, the doctor was first asked to continuously report for 16 s how
much pain they were experiencing on a 100-point visual-analogue scale, where 0
was ‘no pain experienced’ and 100 was ‘most pain imaginable’ Immediately after
reporting the continuous rating of pain, the doctor was then asked to report how
much pain they experienced overall on a 100-point visual-analogue scale. Thus,
two ratings, namely a continuous and an overall pain rating, were recorded for
each stimulation. The codes for running the whole experiment were in Matlab
R2015. The experimenter told each participant that these practice trials would
help familiarize them with the pain reporting procedure. However, they also
helped reduce site-specific habituation effects in our data based on results
described by Jepma et al.*’; the effectiveness of this procedure can be seen in
Extended Data Fig. 7a.

Since the purpose of this phase was to convince the doctor that the thermedol
treatment was more effective in reducing thermal pain than the control treatment,
the experimenter delivered a higher temperature (47 °C) to sites with the control
and a lower temperature (43 °C) to sites with the thermedol treatment. Because
several placebo studies have demonstrated that healthy participants only exhibit
a placebo effect when a control treatment is administered first*>"”’%, the delivery
order was always one stimulation on each site with the control, followed by two
stimulations on each site with the thermedol, and ending with one stimulation on
each site with the control treatment (Fig. 1a; for example, stimulation site: 3-4-2—
1-1-2-4-3). Each pain stimulation lasted for 13 s and the doctors were also asked
to report the same continuous and overall pain rating used in the practice trials.
Additionally, before the very first stimulation, the doctors reported how effective
they thought the thermedol treatment would be in the following stimulations on a
100-point visual-analogue scale. After the final stimulation, the doctors reported
how effective they found thermedol to be on a similar scale. On the basis of these
two ratings of effectiveness, we were able to examine whether the manipulation
of doctors’ beliefs worked in the expected direction; specifically, whether the
doctors believed that the thermedol treatment reduced more pain than the
control treatment.

Doctor—patient interaction phase. The goal of the doctor—patient interaction

phase was to examine whether a doctor’s beliefs about the treatment affected a
patient’s subjective and objective experience of pain. Thus, patients’ continuous
and overall pain ratings, as well as their facial expressions were recorded. The
camera recording systems were attached to patients’ heads before they entered the
experimental room. Patients were asked to sit next to the doctors at a 90° angle and
a separate computer screen was placed in front of each them. This arrangement
ensured that neither the doctor nor the patient could see what the other reported
on the screen during the entirety of the interaction phase. Doctors read a script
explaining the experimental procedures to the patients that included: (1) applying
four practice trials, (2) administering the first treatment, (3) completing
prestimulation ratings, (4) pain stimulation with the first treatment, (5) completing

poststimulation ratings, (6) a 5-min rest period, (7) applying four practice trials,
(8) administering the second treatment, (9) completing prestimulation ratings,
(10) pain stimulations with the second treatment and (11) completing
poststimulation ratings. One of the primary differences between the doctor
conditioning phase and doctor-patient interaction phase was that the doctor, not
the experimenter, led the progress of the experiment.

Similar to practice trials administered during the doctor conditioning phase,
patients also received one pain stimulation on each of the four sites on their left
inner forearms that served to reduce within-site habituation effects (Extended Data
Fig. 7a). Each stimulation lasted for 13, including 1.5 s for ramp-up, 10 at peak
temperature (47 °C) and 1.5s for ramp-down. During each stimulation, the patients
reported continuous and overall pain ratings on a 100-point visual-analogue scale.
Right after the four practice trials, doctors adhered to the instructions shown
on their computer screen and administered the first treatment to the patients.
Importantly, doctors did not know which treatment to administer first until this
moment. This procedure ensured that the doctors did not reveal their beliefs before
administering the first treatment, although based on our design, the first treatment
was always the control treatment. The doctors then used a 1/8-teaspoon to retrieve
the control treatment cream from one of the two containers and applied the cream
across the four sites. Since the doctors followed the single-blind procedure, the
patients had no prior knowledge about which cream was the ‘real’ thermedol
treatment. This part ensured that patients’ experiences of the two treatments were
purely based on their interaction with the doctors.

Before testing the effectiveness of the first treatment, patients were asked
not only to report how effective they thought the first treatment would be in the
following stimulations but also to report their impressions of the doctors, including
ratings of empathy, competence, likability and trust on a 100-point visual-analogue
scale. These prestimulation ratings, which served as baseline measurements, were
compared with poststimulation ratings to examine changes in beliefs after the
control treatment. Doctors were also asked to report how effective they thought
the control treatment would be in the following stimulations, which served as a
manipulation check that their beliefs did not change from the conditioning phase
to the interaction phase.

Since the purpose of the doctor-patient interaction phase was to examine
whether doctors’ beliefs about the treatment affected patients’ subjective and
objective experience of pain, the main difference compared to the doctor
conditioning phase was that the intensity of pain stimulation (47 °C) was identical
to the first and the second treatments. For the first treatment, the patients received
a series of pain stimulations with two stimulations on each site, resulting in a total
of eight stimulations across the four sites. The delivery order of these stimulations
was randomized and the continuous and overall pain ratings of the patients were
recorded during each stimulation. After the last stimulation, the patients also
completed their poststimulation ratings, including beliefs about effectiveness of
the first treatment and impressions of the doctors. The doctors also reported how
effective they thought the control treatment was during the previous stimulations.

After the first treatment, the doctors and patients were asked to fill out a
questionnaire (interpersonal reactivity index*), which occupied them during
a 5-min rest period between the two treatments. We did not analyse this
questionnaire since not all participants finished all the items because everyone’s
speed was different. This rest period was intended to prevent a carry-over
habituation effect in the second treatment. Immediately after the rest period, the
same procedures from the first treatment were repeated for the second treatment,
the thermedol treatment. Prestimulation ratings were collected and compared with
poststimulation ratings to examine the changes in patients’ beliefs of treatment
effectiveness as well as their impressions of the doctors. In addition, doctors’
beliefs of treatment effectiveness before and after administering thermedol were
also collected. Both the doctors and patients were debriefed at the end of the
doctor-patient interaction phase. Before debriefing, to ensure that our results were
not influenced by participants’ preconceptions about our experiments, we asked
participants to write down the purpose of our experiment from their points of
view. We do not believe that our results can be explained by demand characteristics
as none of the participants’ responses closely approximated our hypotheses. After
debriefing, participants were given the opportunity to revisit their informed
consent and could freely determine whether to withdraw their data. None of the
participants decided to withdraw their data.

Study 2. In study 2, we first wanted to ensure the robustness of our effects by
replicating the experiment in an independent sample (86 participants; 43 dyads).
No statistical methods were used to predetermine sample sizes but our sample
sizes were similar to those reported in a previous study*, which used a similar
experimental design. Second, we wanted to examine order effects and rule out the
possibility that our thermedol effects were not a result of participants habituating
to the pain stimulation in a between-subject design. As such, we included two
orders of treatment delivery: the original order (control first, thermedol second;
Fig. 3b) used in study 1 and the reverse order (thermedol first, control second;
Fig. 3¢). Thus, study 2 also involved the same three phases as study 1, with the main
difference between studies 1 and 2 being that, in the doctor-patient interaction
phase, we randomized the delivery order of treatments across dyads. Additionally,
we examined the effect of both temperature intensity and the experimenter by
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including two different temperatures (46 °C and 47 °C) and two experimenters in
study 2 (both male).

Study 3. The main purpose of study 3 (n=60 participants; 65.00% female) was

to address several remaining questions arising from the previous two studies.
First, although findings from study 2 suggested that this effect was unlikely to

be explained by habituation in a between-subject design, a within-subject design
would provide an even stronger test. Thus, we used a within-subject ABBA
design (administration order: contro-thermedol-thermedol-control) in the
doctor-patient interaction phase. Second, to confirm that our findings were not
affected by the presence of cameras, we removed head-mounted cameras in this
study. Third, to fully rule out the alternative hypothesis that the transmission

of placebo effect was due to the experimenter but not the doctor, we included
three experimenters (experimenters 1, 2 and 3) in study 3. During the doctor
conditioning phase, experimenter 1 trained the doctor and created the creams but
experimenter 1 left the experimental room at the end of this phase. Experimenters
2 and 3 alternatively ran the doctor—patient interaction phase across dyads

and they were completely blind to which cream contained the thermedol. This
procedure ensured that the doctor was the only person in the experimental room
who knew which cream contained the active treatment. In addition, to examine
whether this effect could be replicated in a higher temperature, we used a higher
temperature in this study (48°C).

SCR recording and preprocessing. We measured SCRs at the index and middle
fingers of the left hand by using EDA electrodes (EL507, Biopac Systems) and
0.5%-NaCl electrode paste (GEL101, Biopac Systems). The SCRs were recorded
by using a BIOPAC MP150 system and Acknowledge software. In study 1, the
sampling rate was 200 Hz and data were first filtered with a first-order Butterworth
filter with a 5-Hz low pass filter and 0.01-Hz high pass filter. The filtered SCR
data were then down-sampled to 1 Hz. In study 2, besides of the sampling rate,
which was 2,000 Hz, all the other preprocessing steps were identical to study

1. In study 3, since the duration of the whole experiment was longer than the
previous studies, we followed the preprocessing steps as identical to those used in
study 1 for each block individually and normalized the SCRs within each block.
All of the preprocessing steps were done within Python 2.7 and Python 3.6. The
Python packages used in preprocessing and analysis included Pandas®, Numpy*,
Seaborn®, Matplotlib”, Scikit-learn”, Scipy’>** and Nltools™.

To match the length of continuous pain ratings, we extracted patients’ SCRs
starting from the onset of each pain stimulation for 16s. Two out of 24 patients
from study 1, 13 out of 43 patients from study 2 and 6 out of 30 patients from study
3 were excluded due to minimal SCRs during pain stimulations (non-responders).
In addition, we were unable to analyse missing data for one patient from study 1
and four trials in two patients from study 3. We then computed the area-under-
curve for each pain stimulation using the area-under-curve function from Scikit-
learn. The area-under-curve represented the overall SCR amplitude in each pain
stimulation and was then used in mixed-effect generalized linear model analyses.

Analyses. Linear mixed-effects models with the R Ime4 package”, ImerTest™,
Ismeans” and the Pymer4 python to R interface” were used to examine whether
when the thermedol and control treatments were administered, participants
reported or experienced differences in their beliefs about effectiveness as well

as pain ratings and SCRs. Across all analyses, subjects were treated as having
random intercepts and slopes with respect to trial numbers (1 to 8) and time
(prestimulation or poststimulation) as well as condition (thermedol or control).
In study 1, to examine whether during the doctor conditioning phase, doctors
reported differences in beliefs of effectiveness between the two treatments, we
used a linear mixed-effects model with the condition (thermedol-control) as

a fixed effects factor (Extended Data Fig. 1). To examine whether during the
doctor—patient interaction phase, doctors or patients reported changes in beliefs
of effectiveness, we used a linear mixed-effects model with condition (thermedol-
control) by time (post-pre) as an interaction term (Supplementary Table 1).
The same model was also used to test whether patients reported finding doctors
differing in empathy between the two treatments (Supplementary Table 1).

To test whether doctors or patients experienced differences in thermal pain
(overall pain rating) between the two treatments, we used a linear mixed-effects
model with condition (thermedol-control) as a factor and with stimulation sites
(1 to 4), colours of treatment creams (red or blue) and trial numbers included
as covariates of no interest (Supplementary Table 1). We were unable to analyse
missing pain rating data from one doctor in study 1. We also used the same model
to explore whether patients experienced differences in thermal pain (maximal
pain ratings) between the two treatments (Supplementary Table 1). To examine
whether patients also showed differences in SCR to pain stimulations (area under
curve), one of the objective measures of pain experiences, we also used a linear
mixed-effects model with condition (thermedol-control) as a factor and with the
same covariates (Supplementary Table 1). We lastly used the same model to test
differences in doctors’ or patients’ pain facial expressions (predicted pain ratings)
between the two treatments (Supplementary Table 1).

In study 2, since we counterbalanced the order (original or reverse)
across participants, we used a linear mixed-effects model with condition
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(thermedol-control) by time (post—pre) by order (original-reverse) as an
interaction term to explore whether patients experienced differences in thermal
pain (overall pain rating) between the two treatments. In this model, stimulation
sites (1 to 4), colours of treatment creams (red or blue), trial numbers, temperature
(46 or 47°C) and experimenter (1 or 2) were included as covariates of no interest
(Supplementary Table 3). The same model was also used to analyse whether
patients showed differences in SCR to pain stimulations (area-under-curve)
between the two treatments (Supplementary Table 3). To examine whether during
the doctor—patient interaction phase, doctors or patients reported changes in
beliefs of effectiveness, we used a linear mixed-effects model with condition
(thermedol-control) by time (post—pre) by order (original-reverse) as an
interaction term (Supplementary Table 3).

In study 3, to test whether doctors or patients experienced differences in
thermal pain (overall pain rating) between the two treatments, we used a linear
mixed-effects model with condition (thermedol-control) as a factor and with
stimulation sites (1 to 4), colours of treatment creams (red or blue) and trial
numbers included as covariates of no interest (Supplementary Table 4). To examine
whether patients also showed differences in SCR to pain stimulations (area-under-
curve), one of the objective measures of pain experiences, we also used a linear
mixed-effects model with condition (thermedol-control) as a factor and with the
same covariates plus a linear effect of time (Supplementary Table 4).

Facial expressions. Facial behaviours during the experiment were recorded

using GoPro HERO 4 cameras recording at 120 framess™" at 1,920 X 1,080
resolution. Each camera was positioned using a head-mounted fixture that

would provide a consistent view of the face without obstructing the participant’s
view. Recorded videos were then aligned to stimuli onsets using audio triggers.
Facial behaviour features consisting of 20 facial AUs, a standard for measuring
facial muscle movement based on the Facial Action Coding System® and three
rotational orientations of head (pitch, yaw and roll) were extracted using the
FACET algorithm" accessed through the iMotions biometric research platform®.
The median value was subtracted from each feature to control for baseline
variability and all features were down-sampled to 10 Hz. For each trial, 16s
following stimulation onset which included the ramp-up and ramp-down times for
stimulation was considered for analysis. Due to the technical difficulties from study
2 in retrieving accurate onset time of each pain stimulation, we were only able to
analyse facial expression data from study 1. Face expressions were intentionally not
recorded in study 3.

Pain facial expression model. From the time-series of facial movement for each
trial we extracted three facial activity descriptors consisting of the probability

of maximal expression (max), probability of minimal expression (min) and

time to maximal expression (tmax) of the original time-series data”. Using

these features, we predicted subject-wise standardized pain ratings across the 12
trials in the doctor’s conditioning phase using a linear ridge regression with a
nested fivefold cross-validation for hyperparameter optimization. We evaluated
the model using a LOSO cross-validation which yielded an average within-
subject Pearson correlation between predicted and actual pain ratings of r=0.41
(s.d.=0.33), P=0.003 (Extended Data Fig. 3¢c). The full model trained on the entire
conditioning phase data was then used to predict pain ratings from the patient’s
face during the interaction phase which yielded an average within-subject Pearson
correlation of r=0.24 (s.d.=0.31), P=0.003. Inference on model performance
was determined via Monte-Carlo based permutation testing, in which the training
labels were randomly shuffled and the model was retrained 5,000 times (Extended
Data Fig. 3b). Top features included activities related to AU4 (brow lowerer),

pitch and AU12 (lip corner puller) (Extended Data Fig. 3a). Predicted pain ratings
from the patient’s facial expressions were compared between the placebo and the
thermedol conditions using a linear mixed-effects model including both condition
and trial numbers as random effects.

Face model visualization. We used our Python Facial Expression Analysis Toolbox
(v.0.0.1) (Cheong, J. H., Byrnes, S. and Chang, L. C., unpublished manuscript) to
visualize how specific features from our model correspond to changes in facial
morphometry. In brief, we learned a mapping between 20 facial AU intensities

and 68 landmarks comprising a two-dimensional face using partial least-squares
implemented in Scikit-learn®'. We used 10,708 images corresponding to each frame
from the extended Cohn-Kanade facial expression database'™ and first extracted
the landmarks using OpenFace'*' and AU from iMotions FACET engine*. Next,
we performed an affine transformation to a canonical face before fitting the model
and added pitch, roll and yaw head rotation parameters as covariates with the 20
AU features. We then fit our model using a threefold cross-validation scheme and
achieved an overall training r*=0.61 and a cross-validated mean r*=0.53. We used
this facial morphometry model to visualize the positive beta-weights corresponding
to the maximum intensity descriptors from the pain expression model scaled by
200. This allows us to provide several different visualizations of our pain model.
First, we can plot the vector fields of how each facial landmark changes from a
neutral facial expression to our pain facial expression model. Second, we can also
plot the parameter estimates of the model corresponding to each AU. Stronger
intensities indicate a greater contribution to the overall prediction of subject pain.
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We note that these coefficients reflect a subset of the complete model that includes
features difficult to visualize such as temporal information (time to maximum).
Results are shown in Fig. 2b and Extended Data Fig. 3a.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability
The data that support the findings of this study are available at https://github.com/
cosanlab/socially_transmitted_placebo_effects/

Code availability
The code that support the findings of this study is available at https://github.com/
cosanlab/socially_transmitted_placebo_effects/
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Phase Doctor | Dependent Factor | Random B tval df p
or variable effect
Patient F (df1, df2)
Condition v -22.63 -7.78 | 21.95 | <0.001
Overall Trial order Y 2.21 2.31 | 2294 0.03
pain rating
Doctor Doctor Color 2.03 0.87 [(21.00| 0.39
Conditioning
Site F(3, 70.70) = 0.24 0.87
Belief of Time 24.60 4.84 | 23.00 | <0.001
effectiveness

Extended Data Fig. 1| Statistics of all factors from models tested during the Doctor Conditioning phase in Study 1. Factors highlighted in bold were
reported in the result section.
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Extended Data Fig. 2 | Subjective reports from doctors and patients during the doctor-patient interaction phase in Study 1. (A) A demonstration of the
experimental design. (B) Patients reported experiencing less pain in the thermedol treatment compared to the control treatment based on their maximal
pain level from their continuous pain ratings. (C) Doctors' beliefs formed in the Doctor Conditioning phase were maintained and showed no change after
administering each treatment. (D) Patients reported findings the doctors more empathetic in the thermedol treatment compared to the control treatment.
All panels include data from 24 dyads. Error bars represent S.E.M.
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Extended Data Fig. 3 | see figure caption on next page.
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Extended Data Fig. 3 | Stats of the pain expression model. (A) Coefficients of the pain expression (PE) model. Features are represented by max, min or
tmax followed by name of action unit. Higher coefficients contribute to higher pain. (B) PE model out of sample permutation test. To test if our PE model
was actually capturing meaningful signal, we evaluated the performance of our model compared to a distribution of models generated from within-
subject shuffled pain ratings. We repeated this procedure 5,000 times, and found our original pain model test-set accuracy in a leave-one-subject-out
cross-validation of r=.41, calculated as the average across within-subject correlations between the actual z-scored and predicted pain ratings, was at the
99.92 percentile rank (p=.003, two-tailed) suggesting that the pain model was significantly performing better than chance. (C) Permutation test for the
prediction of patients’ pain ratings. We repeated a similar shuffling procedure 5,000 times in which we shuffle the pain ratings from the training set from
the doctor conditioning phase then testing the model on the patients’ faces during the interaction phase to predict their pain ratings. The accuracy was
determined as the average across within-subject correlations between the actual z-scored and predicted pain ratings. The PE model prediction test-set
accuracy of r=.24 was at the 99.84 percentile rank (p=.003, two-tailed) suggesting that using the PE model to predict patients’ pain ratings was
significantly performing better than chance.
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Phase Doctor | Dependent Factor Random B tval df p
or variable effect
Patient F (df1, df2)
Condition \'/ -22.93 | -10.07 | 40.05 | <.001
Overall
pain rating Trial order \ 1.90 2.32 | 4099 | 0.03
Doctor Doctor
Conditioning Site F(3,139.53) = 1.82 0.15
Belief of Time 16.49 3.35 | 42.00 | 0.002
effectiveness

Extended Data Fig. 4 | Statistics of all factors from models tested during the Doctor Conditioning phase in Study 2. Factors highlighted in bold were

reported in the result section.
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Extended Data Fig. 5 | Skin conductance responses from patients in study 2. (A) When the two treatments were administered in the original order,
patients' SCRs were significantly weaker for the thermedol than control treatment. (B) When the two treatments were administered in the reverse
order, patients’ SCRs between the two treatment were not significantly different. All panels include data from 30 patients across both orders. Error bars
represent S.E.M.
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Phase Doctor | Dependent Factor | Random B tval df p
or variable effect
Patient F (df1, df2)
Condition \4 -31.92 | -11.02 | 30.02 | <.001
Overall
pain rating Trial order \% 4.07 5.67 |49.67 | <.001
Doctor Doctor
Conditioning Site F(3, 1563.19) = 0.23 0.88
Belief of Time 25.89 6.55 |29.00 | <.001
effectiveness

Extended Data Fig. 6 | Statistics of all factors from models tested during the Doctor Conditioning phase in Study 3. Factors highlighted in bold were
reported in the result section.
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Extended Data Fig. 7 | Subjective reports of pain within each pain stimulation site from patients in Study 1 and skin conductance responses from
patients in Study 3. (A) Overall pain ratings within each site on average across both conditions indicated strong within-site habituation effect. Trial O
indicated the practice trial for each site and trials 1 & 2 were the experimental trials. (B) The patients showed stronger SCR to the control (red) than the
thermedol treatment (blue) in Study 3. Panel A includes data from 24 patients in Study 1, and panel B includes data from 24 patients in Study 3. Error bars
represent S.E.M.
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Reporting Summary

Nature Research wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Research policies, see Authors & Referees and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
Confirmed
The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection We used Matlab R2015a to collect all rating data. Skin conductance response data were recorded by using a BIOPAC MP150 system and
Acknowledge software. Facial behaviors during the experiment were recorded using GoPro HERO 4 cameras.

Data analysis Python 2.7. and 3.6 were used to analyze data. The Python packages used in preprocessing and analysis including Pandas, Numpy,
Seaborn, Matplotlib, Scikit-learn, Scipy, Nltools, and Pymer4 python to R interface. We also used R Ime4, ImerTest, and Ismeans packages
to analyze data. Facial behavior features were extracted using the FACET algorithm accessed through iMotions Biometric Research
Platform 6.0. Python Facial Expression Analysis Toolbox (V0.0.1) to visualize the facial features.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors/reviewers.
We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- Alist of figures that have associated raw data
- A description of any restrictions on data availability

Data and code that support the findings of this study are available in github [https://github.com/cosanlab/socially_transmitted_placebo_effects]
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Behavioural & social sciences study design

All studies must disclose on these points even when the disclosure is negative.

Study description This study is a quantitative experimental study.

Research sample Participants are Dartmouth undergraduate students, N =194 across three studies. In study 1, N = 48 and 52.08% were female students. In
study 2, N = 86 and 62.79% were female students. In study 3, N = 60 and 65.00% were female students.
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Sampling strategy We recruited 48 participants in study 1. In study 2, we replicated our findings in roughly twice of the original (study 1) sample size (86
participants). In study 3, we replicated our previous findings with a similar sample size (60 participants).

Data collection The data were collected by Mac computers and GoPro cameras. In study 1 and 2, two experimenters collected the data. In study 3, three
experimenters collected the data.

Timing In study 1 and 2, data collection started from January 2017 to October, 2017, and there was a gap of no data collection from May 2017 to
September 2017. Study 3 started from October 2018 to January 2019.

Data exclusions For skin conductance response data, 2 patients from study 1, 13 patients from study 2, and 6 patients were excluded due to minimal
responses. In addition, 1 patient from study 1, and 4 trials in 2 patients from study 3 had missing data. For facial behavior data, among 24
dyads, 5 patients and 4 doctors in study 1 were not available due to inappropriate recording. For pain rating data, 1 doctor from study 1
had missing data.

Non-participation No participants dropped out.

Randomization Participants were randomly assigned to either patient or doctor by flipping a coin. The counterbalance order of treatments as well as
colors of treatments for each dyad in study 2 were determined by our matlab scripts.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
D Antibodies IXI D ChlP-seq

D Eukaryotic cell lines IXI D Flow cytometry
D Palaeontology IXI D MRI-based neuroimaging
D Animals and other organisms

Human research participants

NOXXNXKX &

D Clinical data

Human research participants

Policy information about studies involving human research participants

Population characteristics Participants are Dartmouth undergraduate students, N =194 across three studies (age range 18-28). In study 1, N = 48 and

52.08% were female students. In study 2, N = 86 and 62.79% were female students. In study 3, N = 60 and 65.00% were female Q
students. S
<
N
Recruitment Participants were recruited through the SONA system at Department of Psychological and Brain Sciences at Dartmouth College. §
o

After participating this experiment, they earned extra course credit for their psychology or neuroscience classes.

Ethics oversight The Committee for the Protection of Human Subjects at Dartmouth College

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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