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Trust is an important component of the doctor-patient relationship and is associated with improved patient satisfaction and health
outcomes. Previously, we reported that patient feelings of trust and similarity toward their clinician predicted reductions in evoked
pain in response to painful heat stimulations. In the present study, we investigated the brain mechanisms underlying this effect. We
used face stimuli previously developed using a data-driven computational modeling approach that differ in perceived trustworthiness
and superimposed them on bodies dressed in doctors’ attire. During functional magnetic resonance imaging, participants (n = 42)
underwent a series of virtual medical interactions with these doctors during which they received painful heat stimulation as an
analogue of a painful diagnostic procedure. Participants reported increased pain when receiving painful heat stimulations from
low-trust doctors, which was accompanied by increased activity in pain-related brain regions and a multivariate pain-predictive
neuromarker. Findings suggest that patient trust in their doctor may have tangible impacts on pain and point to a potential brain
basis for trust-related reductions in pain through the modulation of brain circuitry associated with the sensory-discriminative and
affective-motivational dimensions of pain.
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Introduction
A patient’s trust in their doctor, or the feeling that the
doctor will do what is best for them (Thom and Campbell
1997), is a key component of the doctor–patient rela-
tionship (Hall et al. 2001). A positive doctor–patient rela-
tionship is known to impact multiple patient health out-
comes including increasing placebo response (Kaptchuk
et al. 2008; Howe et al. 2017) and patient satisfaction
(Platonova et al. 2008), reducing physiological arousal
when receiving a cancer diagnosis (Sep et al. 2014), and
affecting clinically meaningful endpoints such as dis-
ease morbidity (Ward et al. 2003), postoperative pain
(Gittell et al. 2000), and pain-related disability (Ferreira
et al. 2013). Although patients’ trust in their doctor has
been shown to impact health outcomes, the neurobiolog-
ical mechanisms driving trust effects on patient health
remain unclear.

Understanding the effects of trustworthiness on pain
in medical contexts may be especially worthwhile. Pain
is common to most medical disorders and is a leading
reason for patients to seek medical treatment (Loeser
and Melzack 1999). Pain is also very costly to society
in terms of financial and disability burden (IOM 2011)
and is particularly challenging to treat given the risk of

addiction (Martell et al. 2007) and poor efficacy (Shaheed
et al. 2016) of opioid analgesic medications. An effect of
trustworthiness on pain is likely given the growing body
of literature demonstrating the modulation of pain by
social, cultural, and interpersonal factors (Krahé et al.
2013; Mogil 2015; Koban and Wager 2016; Anderson and
Losin 2017; López-Solà et al. 2019; Anderson et al. 2020;
Goldstein et al. 2020; Gianola et al. 2021). In a previous
study, we investigated the effects of clinician–patient
trust and similarity on pain using face-to-face medical
simulations and surveys about participants’ core beliefs
and values to manipulate feelings of cultural similarity
and trust (Losin et al. 2017). We found that patients’
feelings of clinician trustworthiness and self-similarity
predicted reported pain in response to a painful diagnos-
tic procedure analogue.

In the present study, we used functional magnetic
resonance imaging (fMRI) and virtual medical interac-
tions to investigate the brain mechanisms underlying the
effect of doctor trustworthiness on pain. We enrolled a
sample of healthy participants and administered experi-
mental thermal stimulation as an analogue of a painful
diagnostic procedure. To manipulate perceived trustwor-
thiness, we used face stimuli previously developed using
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a data-driven computational model approach that differ
on perceived trustworthiness (Oosterhof and Todorov
2008; Todorov 2011; Todorov and Oh 2021). To simulate
virtual medical interactions, we superimposed these face
stimuli on bodies with doctors’ attire. As our primary
outcome measures, we focused on the effect of doctor
trustworthiness on participant pain report and activity
in brain regions that are implicated in clinical and exper-
imentally induced pain (Melzack 1999, 2001; Davis 2000;
Apkarian et al. 2005). These brain regions include those
associated with the sensory-discriminative dimension of
pain, including portions of the thalamus and somatosen-
sory cortex, as well as those involved in the affective-
motivational dimension of pain, including the anterior
cingulate cortex (ACC) and anterior insula (aINS).

In order to provide a more sensitive and specific test of
whether trust-related reductions in pain were related to
pain-related brain circuitry, we also examined how doc-
tor trustworthiness influenced responses to a previously
developed multivariate pain-predictive signature, the
Neurologic Pain Signature (NPS; Wager et al. 2013). The
NPS includes patterns of activity that positively predict
pain in the ACC, insula, secondary somatosensory cortex
(S2), and thalamus and that negatively predict pain in the
ventromedial prefrontal cortex (vmPFC) and precuneus.
The NPS has demonstrated sensitivity and specificity to
nociceptive pain across multiple pain modalities (Reddan
and Wager 2018) and is not activated by nonnociceptive
processes including viewing aversive images (Chang
et al. 2015), observing pain in others (Krishnan et al.
2016), experiencing social rejection (Woo et al. 2014),
or anticipating pain (Wager et al. 2011). Finally, as a
follow-up to our primary analysis, we examined whether
brain responses to pain during the virtual medical
interaction were correlated with individual differences
in participant ratings of doctor trustworthiness and
participant mistrust in healthcare organizations more
generally.

We predicted that participants playing the role
of patients would report increased pain and exhibit
increased pain-related brain activity in response to
the painful diagnostic procedure analogue with virtual
doctors who were low in facial trustworthiness based on
the trustworthiness algorithm used to create the stimuli
and whom participants rated as low in trustworthiness.
We also predicted that increased ratings of the untrust-
worthiness of the doctor stimuli, and mistrust in medical
organizations generally, would correlate with increased
brain activity in pain-related brain regions during the
painful diagnostic procedure analogue.

Materials and methods
Participants
This fMRI study was conducted with 42 healthy adults
(55% female) age 18–35 (M = 21.90, SD = 4.39). Demo-
graphic characteristics for participants can be viewed in
Table 1. Participants were recruited from the University

Table 1. Participant characteristics.

N = 42

Age
Mean (SD) 21.90 (4.39)
Median [Min, Max] 21.0 [18.0, 35.0]

Race
White/Caucasian 24 (57.1%)
Black/African American 7 (16.7%)
Asian 7 (16.7%)
Other 4 (9.5%)

White & Asian 1 (2.4%)
Afro-Caribbean 1 (2.4%)
Not Indicated 2 (4.8%)

Ethnicity
Non-Hispanic/Latino 27 (64.3%)
Hispanic/Latino 15 (35.7%)

Gender
Male 19 (45.2%)
Female 23 (54.8%)

of Miami and surrounding community in Miami, FL.
Participants were excluded if they were: left-handed
or ambidextrous, unable to tolerate the scanning
procedures, had metal in their body or any other
contraindication for MRI, had a prior abnormal MRI, had
heavy alcohol intake (>3 drinks for women, >5 drinks
for men) within 12 h prior to MRI scan, had a neurologic
or systemic disorder causing cognitive impairment,
had current presence of pain, were currently taking
any pain medication, had a chronic pain or chronic
fatigue syndrome, or had a history of psychiatric or
substance use disorder in the past year (full exclusion
criteria available in the Supplementary Material). All
participants had normal vision or vision that was normal
after correction. The study protocol was approved by the
Institutional Review Board at the University of Miami.
Written informed consent was obtained according
to the Declaration of Helsinki (1991) for all research
participants.

Self-report measures
Individual difference measures and stimulus ratings

Prior to arriving in the lab, participants made a series
of ratings of the doctor stimuli at home via Qualtrics.
These included ratings of doctors’ trustworthiness, com-
petence, warmth, attractiveness, and likelihood of choos-
ing as one’s own doctor (1 = “not at all” to 9 = “extremely”
for all scales). Participants were instructed to use their
“gut instinct” in making each rating. Participants com-
pleted the Medical Mistrust Index (MMI; LaVeist et al.
2009), a 17-item measure of mistrust in healthcare orga-
nizations (e.g. “Patients have sometimes been deceived or
misled by health care organizations”). Immediately fol-
lowing the fMRI scan, participants completed questions
assessing the realism of the virtual medical interaction
(“How realistic did the simulated clinical interactions in
the scanner feel to you?” 0 = Not at all, 100 = Completely)
and belief in the stated aim of the study (“How much
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did you believe in the stated purpose of the study (i.e.,
that we were studying factors that affect pain perception
during medical care?)” 0 = Not at all, 100 = Completely).
In addition, participants completed a battery of ques-
tionnaires at various points in the study not used in
the current analyses to measure potential psychologi-
cal and sociocultural contributors to doctor trust level
effects on pain (see Supplementary Material for further
details). Participants were instructed to consider their
questionnaire responses in relation to their prior real-
world medical encounters.

fMRI screening session
Participants completed a screening session on a separate
visit prior to the fMRI scan to ensure that they could tol-
erate the painful heat stimulations during the scan. Dur-
ing the screening session, participants first completed
informed consent with an experimenter. Next, the exper-
imenter administered a series of painful heat stimu-
lations to the participant’s left forearm to simulate a
painful diagnostic procedure commonly performed in
an outpatient setting, such as a biopsy, musculoskeletal
exam of an injury, or mammogram. Participants were
instructed to stay as still as possible during the heat
stimulations as practice for the fMRI scan. Based on
thermal heat stimulation protocols published in previous
studies (Atlas et al. 2010; Wager et al. 2013; Losin et al.
2017), heat stimulations were delivered to evenly spaced
locations on the volar surface of the participant’s left
forearm using a 16 mm × 16 mm contact Peltier ther-
mode from a Medoc Pathway Pain & Sensory Evaluation
System (Medoc, Inc.).

In order to assess patient pain ratings in response to
fixed levels of heat intensity, which have been used in
prior studies (Edwards and Fillingim 1999), participants
received a series of suprathreshold stimulations to pre-
pare them for the scanning session. Each suprathreshold
heat stimulation lasted 8 s in total (4.6 s at the target
temperature), after which participants rated their pain
intensity and pain unpleasantness on a 0–10 numeric
rating scale (NRS). Participants were instructed on the
difference between pain intensity and unpleasantness
using previously developed language (Price et al. 1983),
which describes how pain intensity measures how strong
a painful stimulus feels, while pain unpleasantness mea-
sures how unpleasant or disturbing a painful stimulus
is for the individual. Pain unpleasantness is thought to
reflect the affective-motivational aspect of pain (Price
et al. 1983).

In total, participants received 10 heat stimulations dur-
ing the screening session. Trials assessed pain threshold
(the temperature at which a heat stimulation is first
perceived as painful), pain tolerance (the temperature
at which a heat stimulation is no longer tolerable), and
suprathreshold responses (fixed duration heat stimula-
tions at target stimulus intensity levels above the pain
threshold). Pain threshold (2 trials) and tolerance (2 trials)

always preceded the suprathreshold (6 trials) assess-
ment. Trial order for the threshold and tolerance tri-
als was fixed to ensure that the amount of heat deliv-
ered to any individual skin site did not exceed previ-
ously determined safety limits (Buhle and Wager 2010)
over the course of the first 2 blocks. Trial order for the
suprathreshold trials was pseudorandomized such that
no skin site received more than one heat stimulation in a
row. The temperature of the suprathreshold stimulations
was randomized.

After the heat stimulations, the experimenters reviewed
the participant’s pain ratings in a separate room. In
addition to the study exclusion criteria, participants
were ineligible for the fMRI scanning session if they:
(i) asked to have the thermode removed more than
once during the heat stimulations; (ii) had pain ratings
that did not generally increase with stimulus intensity
level (temperature); (iii) were unable to stay still during
the heat stimulations; (iv) were unable to consistently
complete the pain ratings as instructed; (v) were in
substantial distress due to the heat stimulations; or
(vi) had on their left forearm a previously unreported
tattoo, metallic implant, scar tissue, or other feature that
could influence their safety and/or pain sensitivity in the
scanner. A total of 23 participants were excluded from
the study after completing the fMRI screening session (4
participants excluded due to inability to tolerate the heat
stimulations, 19 participants excluded due to scheduling
issues, computer error, or study exclusion criteria).
Demographic information for the participants excluded
from the fMRI scan during the screening session can be
viewed in Supplemental Table S1.

Trust face stimuli
Facial appearances are used to infer underlying person-
ality traits (Hassin and Trope 2000; Zebrowitz et al. 2002)
rapidly and spontaneously (Willis and Todorov 2006; Rule
et al. 2013). Given the complexities of defining and mea-
suring patient trust in medical settings (Pearson and
Raeke 2000), and especially the challenges of manip-
ulating clinician behavior in a fMRI environment, we
manipulated doctor trust level and examined its effects
on pain with face stimuli developed to vary in perceived
trustworthiness developed using a data-driven computa-
tional modeling approach (Oosterhof and Todorov 2008;
Todorov 2011; Todorov and Oh 2021). We contextualized
these face stimuli by superimposing them on an image
of a body dressed in typical doctor’s attire. Face stimuli
were +3 (high-trust) and −3 (low-trust) standard devi-
ations from neutral on the trustworthiness dimension
(Oosterhof and Todorov 2008). All task stimuli viewed by
participants were delivered via an experiment using Pre-
sentation software (Version 20.0, Neurobehavioral Sys-
tems, Inc., Berkeley, CA, USA). Doctor trust level was
the primary experimental manipulation. A total of 25
different face identities were shown to participants over
the course of the study, with an equal number of low- and
high-trust doctor identities. Although each participant
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saw the same face identities, the trust level assigned to
the face identities was counterbalanced across partici-
pants to control for any interaction between a specific
face identity and trust level. In total, 4 counterbalancing
orders were used. Each participant was assigned a coun-
terbalancing order prior to seeing any of the doctor face
stimuli and saw the same combination of face identities
and trust levels throughout their participation in the
study.

fMRI task
Participants completed an fMRI task in which they under-
went a series of virtual medical interactions and received
painful thermal stimulations as an analogue to a painful
diagnostic procedure. Each virtual medical interaction
consisted of the following parts: doctor introduction, pain
anticipation, painful heat stimulation, and pain rating.
Painful heat stimulations were delivered using the same
equipment described in the fMRI Screening Session. An
fMRI-compatible Medoc thermode was placed on a single
skin site (in randomized order) for the duration of each
fMRI run (4 runs total). As prior evidence suggests that
patient trust in their doctor may be more important as
perceived harm increases (Mascarenhas et al. 2006; Lyu
et al. 2017), participants received both a low and high
stimulus intensity heat stimulation from each doctor (in
randomized order) to examine the interaction between
stimulus intensity and trust effects on pain.

At the beginning of the fMRI task, participants viewed
a fixation cross (20 s) for an implicit baseline. Next,
participants received a single heat stimulation (8 s) at a
medium stimulus intensity level on the skin site chosen
for that run to habituate the skin site to heat stimula-
tion. This habituation heat stimulation was not delivered
by a virtual doctor. A jittered fixation preceded (5–9 s)
and followed (3.1–7.1 s) the habituation heat stimula-
tion. Next, during the doctor introduction (Fig. 1a), par-
ticipants viewed a static picture of a doctor (3 s) who
introduced themselves with a text bubble saying “Hi, I’m
Dr. [Surname]. Let me take a moment to look over your
chart.” Surnames were randomly assigned to each doctor
(see Supplementary Material for full list of surnames
used in the study). After a jittered fixation cross (1–
4 s), participants viewed the doctor holding a chart (4 s).
Next, participants viewed a heat cue consisting of the
same doctor now holding a Medoc thermode and a text
bubble with “The heat will begin shortly” (4 s) (Fig. 1b).
Participants then viewed a jittered prestimulus period
with the doctor holding the thermode (5–9 s) to separate
participants’ pain anticipatory brain activity from heat
pain-related activity. Participants then received a single
suprathrehold heat stimulation (8 s) while viewing the
doctor (Fig. 1c). The suprathreshold temperatures were
in the range identified as above the pain threshold for
most individuals (Campbell et al. 2005) and were 47 and
49 ◦C for the first 11 participants, and 46 and 48 ◦C

for subsequent participants. Heat stimulation tempera-
tures were lowered partway through data collection to
increase the number of participants who were able to
complete all heat stimulation trials during scanning. This
did not compromise the study goals, as the primary com-
parisons (low- vs. high-trust doctor, stimulus intensity
level) are within-person. However, to control for between-
person differences in stimulus intensity levels, stimulus
intensity level group was included as a covariate in lin-
ear mixed effects models predicting multivariate pain-
predictive signatures and in univariate general linear
model (GLM) analyses.

A jittered poststimulus period (3.1–7.1 s) followed
the heat stimulation. Next, participants rated their
pain intensity (0 = no pain to 10 = most intense pain
imaginable) and pain unpleasantness (0 = no unpleasant
pain to 10 = most unpleasant pain imaginable) to the
preceding heat stimulation, with the order of the pain
ratings randomized to control for order effects (Fig. 1d).
Participants then received a second heat stimulation
from the same doctor and completed pain ratings. An
additional baseline fixation (20 s) ended each run.

Participants saw 6 different doctors for each of the 4
functional runs of the scan (24 doctors total viewed dur-
ing the scan; 1 doctor was used only to train participants
immediately prior to the fMRI scan). Half of the doctors
in each run were high-trust, and half were low-trust.
Each virtual doctor administered 2 heat stimulations: 1
at high stimulus intensity level and 1 at low stimulus
intensity level. This resulted in participants receiving a
total of 48 heat stimulations from the virtual doctors over
4 separate skin sites on the forearm, 12 heat stimulations
at each combination of trust level and stimulus intensity
level.

fMRI task training
On the day of the fMRI scan, participants first completed
fMRI safety screening forms which were reviewed by an
MRI technician to confirm scanning safety. The exper-
imenter then drew 4 evenly spaced skin site boxes (1′′

from wrist and inner elbow to avoid areas with maximum
sensitivity) on the participant’s forearm using a washable
marker and trained the participant on how to complete
the virtual medical interaction fMRI task. Participants
were trained on how to make their intensity and unpleas-
antness ratings in response to the heat stimulations.
Participants were carefully instructed on the difference
between pain intensity and unpleasantness using previ-
ously developed language (Price et al. 1983). The virtual
doctor presented to participants during fMRI task train-
ing was not shown during the scan. Pain ratings were
completed using an fMRI-compatible trackball mouse.
Participants were instructed to rate their pain within the
pain rating period by moving the trackball mouse cursor
to their rating on a vertical NRS and clicking the left
mouse button to commit their rating. The mouse cursor
started at 0 at the beginning of each rating.
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Fig. 1. Virtual medical interaction fMRI task design. Doctors depicted in the figure are of the same identity, although in the study, counterbalancing
ensured that each participant saw each doctor identity at only one trust level. Note: Doctor trust levels were not communicated to participants at any
point during the study (i.e. the experimental manipulation was implicit) and are included in the figure for illustration purposes only.

fMRI acquisition and preprocessing
Data acquisition

Data were collected on a GE Discovery MR750 3.0 T MR
scanner at the Neuroimaging Facility at the University
of Miami (Miami, FL, USA). Thirty-two axial slices
covering the whole brain volume (cutting off high
parietal when not possible to cover whole brain) were
acquired, with a total of 485 volumes collected per
functional run (TR = 1300 ms, TE = 25 ms, flip angle = 50◦,
FOV = 22 mm, slice thickness = 3.4 mm). A T1-weighted
anatomical image was acquired from each participant
using a 3D BRAVO sequence (TI = 650 ms, sagittal

orientation, flip angle = 12◦, field of view = 256 mm, slice
thickness = 1 mm).

Preprocessing

Data preprocessing and statistical analyses were con-
ducted using FSL version 5.0.9. Five volumes were
discarded from each run to ensure that the scanner
had reached a steady state for the remaining volumes of
interest. The anatomical images were preprocessed with
the following steps: reorientation to standard MNI ori-
entation, cropping, registration to standard space using
FLIRT (Jenkinson and Smith 2001; Jenkinson et al. 2002;
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Greve and Fischl 2009), and brain-extraction. Prepro-
cessing steps applied to functional data included brain
extraction, motion correction using MCFLIRT (Jenkinson
et al. 2002), smoothing using a full-width at half
maximum (FWHM) 6-mm Gaussian smoothing kernel,
removal of low frequency drift using a 90 s high-pass
filter estimated from the data in FSL (Smith et al. 2004),
and convolution with a double-gamma hemodynamic
response function (HRF). Functional images were co-
registered to structural images and transformed into
standard MNI space. Temporal autocorrelation was
estimated and corrected via prewhitening using FMRIB’s
Improved Linear Model (Woolrich et al. 2001).

FSL’s MCFLIRT (Jenkinson et al. 2002) was used for
robust motion correction, which corrects for excessive
head motion using rigid-body transformation across 6
standard motion parameters (rotations and translations
along x, y, and z axes). In addition, a confound matrix
was specified for each subject and functional run which
regressed out timepoints corrupted by significant head
motion. The DVARS metric was used for motion regres-
sion, which calculates the root mean square intensity
difference between volume N and volume N + 1. To fur-
ther quantify excessive head motion, the mean frame-
wise displacement (FD), or the average of rotation and
translation parameter differences (using weighted scal-
ing), was calculated for each subject (Power et al. 2012).
No participants had a mean FD > 0.50 mm (Siegel et al.
2014). As a result, no participants were excluded from
subsequent analyses due to excessive head motion.

Missing data

Partial fMRI task data were collected from participants
for the following reasons: thermode error (2/4 runs lost
for one participant), found heat intolerable (1/4 runs
lost for one participant, 3/4 runs lost for another), chose
not to continue scan (1/4 runs lost for one participant),
thermode slipped off arm during scan (1/4 runs lost for
one participant), wrong counterbalance order used (1/4
runs lost for one participant), and felt claustrophobic (1/4
runs lost for one participant, 2/4 runs lost for another).
In total, 12/168 (7.14%) runs were dropped from 8/42
(19.05%) participants.

Behavioral data analysis
Manipulation checks

As a check of the doctor trust level manipulation, the
effects of doctor trust level on participants’ own ratings
of doctor attributes were estimated using linear mixed
effects models in R Version 3.3.2 (R Core Team 2019).
We calculated P-values for each linear mixed effects
model using Satterthwaite’s degrees of freedom method
in the lmerTest R package (Kuznetsova et al. 2015). Effect
size (Cohen’s d) was estimated for fixed effects in lin-
ear mixed effects models using the EMAtools R pack-
age (Kleiman 2017). We specified separate models for
each rating type: trustworthiness, competence, warmth,
attractiveness, and likelihood of choosing as own doctor.

Each model was specified with crossed random effects
for participant and doctor ID, which accounted for ran-
dom variation between participants and between differ-
ent doctor face identities (Mumford and Nichols 2006;
Costafreda 2009). Additionally, each model included par-
ticipant gender as a fixed effect due to evidence of gender
differences in the perception of facial trustworthiness
(Wincenciak et al. 2013). As a final manipulation check,
we analyzed participant responses to questions assessing
the realism of the virtual medical interactions and belief
in the stated aims of the study (“How much did you
believe in the stated purpose of the study”).

Pain rating analysis

We used linear mixed effects models to estimate the
effects of doctor trustworthiness on participants’ pain
ratings during the virtual medical interaction fMRI task.
We specified 2 main models: 1 with pain intensity and
1 with pain unpleasantness as the dependent variable.
Main models included crossed random effects for
participant and doctor ID, as well as the following fixed
effects included for statistical control: heat stimulus
intensity level (high, low), the functional run of the scan
(1–4), participant gender given known gender differences
in pain rating (Greenspan et al. 2007) and perceptions
of trustworthiness in others (Mattarozzi et al. 2015), and
trial number to control for changes in participant pain
ratings over the course of the task. We additionally tested
whether participants’ ratings of doctor trustworthiness
predicted their pain ratings made during the fMRI virtual
medical interaction task. To test this, we specified linear
mixed effects models with participants’ ratings of doctor
trustworthiness made at home prior to arriving in the
lab predicting their pain intensity and unpleasantness
ratings (specified as separate dependent variables)
during the virtual medical interaction. Fixed effects of
no interest in our models were stimulus intensity level,
functional run, participant gender, and trial number,
while crossed random effects were participant ID and
doctor ID.

fMRI data analysis
First level analysis

We conducted a first level univariate GLM analysis to
identify brain activity related to pain received from a low-
and high-trust doctor. We specified the first level GLM
with the onsets and durations of the following events
used to generate regressors: the cue period preceding the
habituation heat stimulation, the preheat stimulus jitter
period for the habituation heat stimulation, the habitua-
tion heat stimulation period (8 s), the doctor observation
period in each condition, the cue period beginning each
heat stimulation trial for each condition and stimulus
intensity level, the jittered preheat stimulus period in
which patients viewed the doctor (pain anticipation) for
each condition and each stimulus intensity level, the
jittered postheat stimulus period for each condition and
each stimulus intensity level, the heat stimulation period
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for each condition and each stimulus intensity level,
and the pain intensity and pain unpleasantness rating
periods (6 s each) for each condition and each stimulus
intensity level. A fixation cross (20 s) at the beginning
and end of each functional run was combined with the
interstimulus interval fixation periods and used as the
implicit baseline (unmodeled). In addition, we added a
temporal derivative for each regressor in the GLM to cor-
rect for differences between the actual and modeled HRF.

Univariate GLM analysis

We conducted a whole-brain univariate GLM analysis to
investigate trust-related differences in activity in brain
regions previously implicated in pain, emotion, and face
processing. Data were combined across subjects using a
mixed-effects analysis (FLAME1) (Beckmann et al. 2003).
Stimulus intensity level group was included as an addi-
tional covariate (orthogonalized with respect to the group
mean) to statistically control for the subset of partic-
ipants who received heat stimulations that were 1 ◦C
higher than other participants. We subjected the result-
ing z statistic images to false discovery rate (FDR) correc-
tion with a critical threshold of q < 0.05, which controls
for the expected proportion of false positives among
suprathreshold voxels (Benjamini and Hochberg 1995;
Genovese et al. 2002). The FDR threshold is determined
from the observed P-value distribution, with the FDR
q value representing the FDR-corrected P-value for the
image. FDR correction at q < 0.05 means that, on aver-
age, 5% of the observed results will be false positives.
Standard 2 × 2 ANOVA contrasts were calculated for low-
versus high-trust doctors (pain anticipation, pain inten-
sity rating, pain unpleasantness rating periods) and high
versus low painful stimulus intensity level heat.

Multivariate pain-predictive signature analysis

To compare nociception-specific neural responses to
painful heat administered by high-trust and low-trust
doctors, we calculated the expression of a previously
developed pain-predictive signature, the NPS (Wager
et al. 2013) within our sample. The NPS consists of a
pattern of positive and negative pain-predictive weights
across distributed brain systems that are predictive of
pain intensity ratings. The NPS was developed using a
machine-learning–based regression technique, LASSO-
PCR (least absolute shrinkage and selection operator-
regularized principal components regression) (Wager
et al. 2011). We calculated the degree to which each
subject’s whole-brain response pattern resembled the
NPS pattern (pattern expression) in response to each
doctor trust level (low-trust, high-trust) and during the
relevant parts of the virtual medical interaction fMRI
task (pain anticipation, painful heat, and pain rating)
versus an implicit baseline.

NPS responses were calculated using Matlab by taking
the dot product of the vectorized activation contrast
beta map (

−→
β map) with the NPS pattern of voxel weights

(
−→
Wmap),

−→
β

T

map
−→
Wmap, yielding a continuous, scalar value

representing each participant’s NPS pattern response.
We specified linear mixed effects models in R to test for
differences in average NPS response due to our exper-
imental conditions during each part of the fMRI task
(pain anticipation, painful heat stimulation, and pain
rating). NPS response during each part of the virtual med-
ical interaction was the dependent variable and doctor
trust level was the primary predictor. Stimulus intensity
level group was included as a fixed effect to statistically
control for the fact that a subset of participants (11/42)
received low and high intensity heat stimulations that
were 1 ◦C higher than other participants. Participant was
included as a random effect with a random intercept
to control for random variation between participants.
Doctor ID was not included as a random effect in these
models because NPS responses were averaged across all
doctor identities in each doctor trust level.

Whole-brain correlation analysis

Finally, we conducted a whole-brain correlation analysis
to investigate whether the response of any brain regions
during different parts of the virtual medical interac-
tion was correlated with participants’ ratings of doctor
trustworthiness and mistrust in healthcare organiza-
tions more generally. For participants’ ratings of doctor
trustworthiness, we calculated each participant’s aver-
age rating of the trustworthiness of low-trust doctors,
reverse-scored them such that higher values equaled
more untrustworthiness, and then demeaned the values.
Scores were then entered into a third-level mixed-effects
GLM analysis in FSL. To examine whether mistrust of
healthcare organizations in general was associated with
whole-brain activity in similar brain regions involved in
pain processing, we included participants’ scores on the
Medical Mistrust Index (MMI; LaVeist et al. 2009) in a sep-
arate whole-brain correlation analysis. Each participant’s
total MMI score was mean-centered and then entered in
a third-level mixed-effects GLM analysis in FSL.

Bayes factor estimation of key null effects

We followed up key null findings using Bayes Factor
estimation for one-sample t-tests of computed difference
scores between doctor trust levels using the ttestBF func-
tion in the BayesFactor R package (v0.9.12). The ttestBF
function utilizes the Jeffreys–Zellner–Siow prior with a
scale factor = 0.707, which combines the Cauchy dis-
tribution on the standardized effect size and a nonin-
formative Jeffreys prior on the variance of the normal
population (Rouder et al. 2009).

Results
Manipulation checks
Consistent with prior findings (Todorov 2008; Todorov
et al. 2008), and confirming the effectiveness of our
trustworthiness manipulation, participants rated doc-
tors lower on the perceived trustworthiness dimension
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Fig. 2. Behavioral results. a) Doctor stimuli manipulated to be either high or low in facial trustworthiness (same identity); b) in manipulation checks, low-
trust doctors rated as less trustworthy than high-trust doctors; c) pain intensity and pain unpleasantness ratings increased with the stimulus intensity
level (temperature) of the painful heat stimulations during the virtual medical interaction; d) the less trustworthy participants perceived doctors to be
(in ratings made prior to the scanning session), the more unpleasant they rated the pain associated with the painful medical procedure analogue from
them during the scan; e) using doctor trust levels based on participants’ own ratings of doctor trustworthiness, receiving painful heat stimulations from
a low-trust versus high-trust doctor was associated with increased pain intensity and f) pain unpleasantness during the painful diagnostic procedure
analogue. Results presented as combined box and violin plots of raw data, with black diamonds representing means, bars representing medians, lines
representing within-subject changes in ratings due to doctor trustworthiness, and asterisks representing the results of significance tests from linear
mixed effects models. Note: ∗∗∗ P < 0.001, ∗∗ P < 0.01, ∗ P < 0.05.

(low-trust; Fig. 2a left) as significantly less trustworthy
than doctors higher on the perceived trustworthiness
dimension (high-trust; Fig. 2a right), B = −0.56, SE = 0.07,
t942.66 = −7.63, P < 0.001, d =−0.50 (Fig. 2b). Participants
also rated low-trust doctors as significantly less com-
petent (B = −0.38, SE = 0.08, t942.76 = −4.69, P < 0.001,
d = −0.31), warm (B = −2.54, SE = 0.09, t942.54 = −29.23,
P < 0.001, d =−1.90), and attractive (B =−0.90, SE = 0.08,
t942.47= −11.20, P < 0.001, d = −0.73) compared with high-
trust doctors. Participants reported that they would
be significantly less likely to choose low-trust doctors
as their own doctor compared with high-trust doctors,
B = −1.15, SE = 0.09, t921.52 = −12.29, P < 0.001, d =−0.81.

We examined whether participant gender influenced
participant ratings given known gender differences in
perceptions of trustworthiness in others (Mattarozzi et al.
2015). Participant gender did not influence participant
ratings of doctor trustworthiness (P = 0.411, d = −0.26),
competence (P = 0.879, d = 0.05), warmth (P = 0.108,
d = −0.52), attractiveness (P = 0.065, d =−0.60), or pref-
erence as own doctor (P = 0.077, d = −0.57). Poststudy
surveys indicated that participants found the study
rationale believable (M = 71.05, SD = 28.47; 0 = not at all
to 100 = completely) and the virtual medical interactions
moderately realistic (M = 43.21, SD = 25.52).

Finally, as expected, participants’ pain intensity (low
stimulus intensity: M = 2.30, SD = 1.80; high stimulus

intensity: M = 5.58, SD = 2.12; B = 3.28, SE = 0.06, t1803.19 =
51.45, P < 0.001, d = 2.42) and pain unpleasantness (low
stimulus intensity: M = 2.00, SD = 1.77; high stimulus inten-
sity: M = 5.41, SD = 2.32; B = 3.40, SE = 0.06, t1803.19 = 53.43,
P < 0.001, d = 2.52) ratings significantly increased with
the stimulus intensity level (temperature) of the heat
stimulations (Fig. 2c).

Behavioral results
Increased pain ratings during painful diagnostic procedure
analogue administered by low-trust doctors

The less trustworthy participants perceived doctors to
be (in ratings made prior to the scanning session), the
more unpleasant they rated the pain associated with the
painful medical procedure analogue from them during
the scan, B = 0.09, SE = 0.03, t1494.19 = −2.32, P = 0.021,
d = −0.12; Fig. 2c. There was a nonsignificant trend in
the same direction as the unpleasantness effect for pain
intensity ratings, B =−0.04, SE = 0.03, t1165.02 =−1.67,
P = 0.096, d =−0.10. Examining the relationship between
doctor trust level (low-trust, high-trust) and pain rat-
ings, doctor trust level did not influence participants
reported pain intensity (B = 0.04, SE = 0.06, t1811.81 = 0.58,
P = 0.564, d = 0.03) or pain unpleasantness (B = 0.09,
SE = 0.06, t1808.55 = 1.39, P = 0.165, d = 0.07) during the
scan. However, the mean pain unpleasantness rating
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was higher with a low-trust (M = 3.76, SD = 1.66) ver-
sus a high-trust doctor (M = 3.66, SD = 1.60), consistent
with the trust-related reductions in pain unpleasantness
seen for participants’ own evaluations of doctor trust-
worthiness. Follow-up Bayes Factor estimation for this
test provided moderate evidence in support of the null
hypothesis of no doctor trust level effect on pain intensity
(BF10 = 0.19), while the Bayes Factor for unpleasantness
ratings (BF10 = 0.95) did not provide strong support for the
null or alternative hypothesis.

To account for individual differences in participants’
perceptions of the trustworthiness of the doctor stimuli,
we next conducted a post-hoc analysis in which we
based the doctor trust levels on participants’ own ratings
of doctor trustworthiness. We recoded each doctor
face stimulus as low-trust if the participant’s own
trustworthiness rating for that doctor was lower than
the within-participant median rating, and high-trust if
the participant’s own trustworthiness rating for that
doctor was higher than the within-participant median
rating. We then tested the recoded doctor trust levels in
our linear mixed effects models predicting reported pain.
When using the doctor trust levels based on participants’
own ratings of doctor trustworthiness, receiving painful
heat stimulations from a low-trust (M = 4.05, SD = 1.55)
versus high-trust (M = 3.86, SD = 1.52) doctor was
associated with increased pain intensity, B = 0.23,
SE = 0.08, t1274.24 = 3.06, P = 0.002, d = 0.17 (Fig. 2d, left).
Similarly, receiving painful heat stimulations from a low-
trust (M = 3.83, SD = 1.69) versus high-trust (M = 3.51,
SD = 1.55) doctor was associated with increased pain
unpleasantness during the painful diagnostic procedure
analogue, B = 0.32, SE = 0.08, t1560.62 = 4.09, P < 0.001,
d = 0.21 (Fig. 2d, right). These results provide a test of
the impacts of trustworthiness on reported pain that
takes into account each participant’s actual perceived
trustworthiness of the doctor face stimuli. In order to
preserve the originally intended balanced fMRI task
design, neuroimaging analyses were conducted with the
original trust levels in the face stimulus set (Oosterhof
and Todorov 2008). Given the implicit nature of perceived
trustworthiness in the face stimuli, we believe that
conducting the fMRI analyses with their original trust
level coding is still a valid test of our hypotheses on
the impacts of perceived trustworthiness on the neural
correlates of pain.

Finally, we examined whether participant gender
influenced ratings given known gender differences in
pain rating (Greenspan et al. 2007). Pain ratings did not
differ by gender for any models predicting participant
pain ratings (all P > 0.28, Cohen’s d < 0.35). Altogether,
these findings suggest that lower perceived doctor
trustworthiness was associated with increased reported
pain during the fMRI painful diagnostic procedure
analogue, an effect that was strongest when taking
into consideration participants’ own ratings of the
trustworthiness of the doctor stimuli.

Increased activation in pain-related brain regions during
painful diagnostic procedure analogue administered by
low-trust doctors

As expected, we found that activation in pain-related
brain regions (FDR q < 0.05) increased with the stim-
ulus intensity level (temperature) of the heat stimula-
tions (HighHeat > LowHeat). Increasing painful stimulus
intensity increased activity in the primary somatosen-
sory cortex (S1), dorsal posterior insula (dpINS), anterior
insula (aINS), thalamus, dorsal anterior cingulate cor-
tex (dACC), and supplementary motor area (SMA), and
decreased activity in the ventromedial prefrontal cortex
(vmPFC), consistent with prior studies using thermal
heat stimulations (Wager et al. 2013; Atlas et al. 2014).

Next, we examined the effects of doctor trust level on
brain activity during the painful diagnostic procedure
analogue. First, we found that anticipating the painful
procedure from a low-trust compared with a high-trust
doctor (Low-TrustAnticipation > High-TrustAnticipation) was
associated with increased activity in the posterior cingu-
late cortex, precuneus, right insular cortex, and lingual
gyrus, consistent with prior findings of expectations of
increased pain and nocebo effects (Watson et al. 2009;
Schmid et al. 2013; Brown et al. 2014).

Receiving high stimulus intensity heat (48 or 49 ◦C)
from a low- versus high-trust doctor (Low-TrustHighHeat >

High-TrustHighHeat) was associated with increased activ-
ity in several brain regions previously implicated in
somatic pain from thermal stimulations. These included
increases in activity in several lateral somatosensory and
medial regions (SMA, aINS, ventral insula) and regions
associated with emotion and motivated action (SMA,
aINS) (Yarkoni et al. 2011; Krishnan et al. 2016) (Fig. 3a).
Receiving low stimulus intensity heat (46 or 47 ◦C) from
a low- versus high-trust doctor (Low-TrustLowHeat > High-
TrustLowHeat) was associated with increased activity
in the lateral occipital cortex and middle temporal
gyrus.

We next examined whole-brain activity during the
pain rating periods following each heat stimulation in
order to assess brain activity related to pain report. We
found increased activity in several regions associated
with somatic pain. There was increased activity in
the right mid-insula and superior temporal gyrus
when participants rated pain intensity from a low-
versus high-trust doctor (Low-TrustIntenRate > High-
TrustIntenRate) (Fig. 3b). There was increased activity
in the dpINS, central operculum, fusiform gyrus, and
primary somatosensory cortex when participants rated
pain unpleasantness from a low- versus high-trust
doctor (Low-TrustUnplRate > High-TrustUnplRate) (Fig. 3c).
Altogether, these findings indicate that lower doc-
tor trustworthiness was associated with increased
activity within multiple brain systems implicated
in nociception and other aspects of pain percep-
tion during the painful diagnostic procedure ana-
logue.
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Fig. 3. Univariate GLM results. a) Brain activity during high stimulus intensity heat stimulation from a low- versus high-trust doctor; b) brain activity
during pain intensity rating from a low- versus high-trust doctor; c) brain activity during pain unpleasantness rating from a low- versus high-trust
doctor; d) the more untrustworthy participants rated low-trust doctors on average, the more they demonstrated increased activity in the MFG (extracted
time series plotted against trustworthiness ratings for display purposes) when rating their pain unpleasantness from low- vs. high-trust doctors;
e) the more mistrust in healthcare organizations participants reported (MMI score), the more participants demonstrated activity in the SMA extending
into the aMCC (extracted time series plotted against MMI scores for display purposes) when rating their pain intensity from low- versus high-trust
doctors. Abbreviations: dpINS = dorsal posterior insula, aINS = anterior insula, vINS = ventral insula, mINS = mid-insula, MFG = middle frontal gyrus,
aMCC = anterior mid-cingulate cortex, CO = central operculum, STG = superior temporal gyrus, FG = fusiform gyrus.

Increased NPS responses during painful diagnostic
procedure analogue administered by low-trust doctors

We next conducted a more sensitive test (compared with
the whole-brain analysis) of whether pain-specific brain
activity is impacted by doctor trustworthiness during a
painful diagnostic procedure analogue. We did this by
testing whether a previously developed pain-predictive
neural signature; the NPS (Fig. 4a) was modulated by
doctor trustworthiness during fMRI. As expected, the
NPS robustly responded during low and high stimulus

intensity heat stimulation (high stimulus intensity: high-
trust condition: t = 15.36; low-trust condition: t = 17.44,
P-values < 0.001; low stimulus intensity: high-trust
condition: t = 9.03; low-trust condition: t = 8.27, P-values
< 0.001). NPS responses significantly increased with the
stimulus intensity level of the heat stimulation (B = 49.45,
SE = 3.10, t125 = 15.97, P < 0.001, d = 2.86; Fig. 4b)
and increased along with participants’ reported pain
intensity (B = 12.77, SE = 0.89, t141.37 = 14.27, P < 0.001,
d = 2.40; Fig. 4c) and unpleasantness (B = 11.97, SE = 0.90,
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Fig. 4. Multivariate pain-predictive signature results. a) NPS, image modified and reproduced from Wager et al. (2013); b) NPS responses to low and
high stimulus intensity heat stimulation during the painful diagnostic procedure analogue; c) NPS responses increased with participant pain intensity
rating; d) NPS responses to low- and high- trust doctors during the virtual medical interaction fMRI task; results presented as combined box and violin
plots, with black diamonds representing means, bars representing medians, lines representing within-subject changes in NPS responses due to doctor
trustworthiness, and asterisks representing the results of significance tests from linear mixed effects models. Note: ∗∗∗ P < 0.001, ∗∗ P < 0.01, ∗ P < 0.05.

t143.98 = 13.31, P < 0.001, d = 2.22), consistent with prior
studies (Wager et al. 2013; Han et al. 2022).

Next, we examined NPS responses during the vir-
tual medical interaction fMRI task. Consistent with
our hypothesis, we found that receiving the painful
diagnostic procedure analogue from low- versus high-
trust doctors significantly increased NPS responses
during high stimulus intensity heat stimulation, B = 7.95,
SE = 2.85, t41 = 2.79, P = 0.008, d = 0.87 (Fig. 4d, Table 2). In
addition, NPS responses were significantly higher during
pain unpleasantness rating of low- compared with high-
trust doctors, B = 5.60, SE = 2.63, t41 = 2.13, P = 0.039,
d = 0.67. In contrast, doctor trustworthiness marginally
influenced NPS responses during pain intensity rating
[B = 5.97, SE = 3.02, t41 = 1.98, P = 0.055, d = 0.62] and did
not influence NPS responses during pain anticipation
[B = 2.94, SE = 3.12, t41 = 0.94, P = 0.352, d = 0.29] or low
stimulus intensity heat stimulation [B = 1.19, SE = 3.50,
t41 = 0.34, P = 0.736, d = 0.11]. Follow-up Bayes Factor
estimation provided moderate to anecdotal evidence in
support of no effect of doctor trustworthiness on NPS

responses during pain anticipation (BF10 = 0.25), low
stimulus intensity heat stimulation (BF10 = 0.18), and
pain intensity rating (BF10 = 0.98).

Altogether, these findings suggest that the NPS
robustly increased with the stimulus intensity level of the
heat stimulation and participants’ pain intensity ratings.
Receiving painful heat stimulation from low- versus
high-trust doctors was associated with increased NPS
responses during high stimulus intensity pain experience
and pain unpleasantness recall, consistent with the
results of the whole-brain analyses.

Increased brain responses during pain experience and pain
reporting associated with lower doctor trustworthiness and
higher medical mistrust

To better understand the psychosocial variables con-
tributing to the increased pain-related brain responses
we observed with low-trust doctors, we examined
whether participants’ trustworthiness ratings of low-
trust doctors and mistrust in healthcare organizations,
more generally, was also associated with increased
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Table 2. Results of linear mixed effects model predicting NPS responses to doctor trust levels during high stimulus intensity heat
stimulation.

NPS Response

Predictors Estimate Standard Error P

(Intercept) 77.18 10.09 <0.001
Doctor Trust Level [Low-Trust] 7.95 2.85 0.008
Stimulus Intensity Level Group [Low] 6.97 11.63 0.553
Random Effects
σ 2 170.55
τ00 Subject 1012.69
ICC 0.86
NSubject 42
Observations 84
Marginal R2/Conditional R2 0.021/0.859

Note. Brackets denote reference level of categorical predictors. The variable “Stimulus Intensity Level Group” is a categorical variable referring to whether
participants received 49 and 47 ◦C heat stimulations or 48 and 46 ◦C heat stimulations.

neural responses to painful heat using a whole-brain
analysis. We found that the more untrustworthy partici-
pants rated low-trust doctors on average, the more they
demonstrated increased activity in the left middle frontal
gyrus (MFG), left frontal pole (FP), and right inferior
frontal gyrus when rating pain unpleasantness from low-
versus high-trust doctors (Fig. 3d). In addition, the more
untrustworthy participants rated low-trust doctors on
average, the more they demonstrated increased activity
in the left frontal opercular cortex when rating pain
intensity from low- versus high-trust doctors.

Next, examining mistrust in healthcare organizations,
we found that the more mistrust in healthcare organiza-
tions participants reported, the more they demonstrated
increased activity in the SMA extending into the anterior
midcingulate cortex (aMCC), right postcentral gyrus,
right lateral occipital cortex, ACC, bilateral parietal
opercular cortex, precuneus, cerebellum, and left dorsal
posterior/anterior insula when rating pain intensity from
low- versus high-trust doctors (Fig. 3e). Similarly, the
more mistrust in healthcare organizations participants
reported, the more participants demonstrated increased
activity in the FP, frontal orbital cortex, MFG, superior
frontal gyrus, cerebellum, and fusiform gyrus when
rating pain unpleasantness from low- versus high-trust
doctors. Examining brain activity during painful heat
stimulation, mistrust in healthcare organizations was
associated with increased activity in the lateral occipital
cortex and fusiform gyrus during high stimulus intensity
heat delivered from low- versus high-trust doctors.
Altogether, these results suggest that less trust in doctors
and healthcare organizations in general is associated
with increased activity in brain regions involved in pain,
attention, and emotion both when experiencing and
evaluating pain.

Discussion
Summary of findings
Patient trust in their doctor is an important component
of the doctor–patient relationship and has been shown

to positively influence patient health outcomes. Despite
the known benefits of trust in the doctor–patient rela-
tionship, the neurobiological mechanisms underlying
the effects of trust on patient health outcomes remain
unclear. We previously found that patient feelings of
trust toward their clinician predicted reductions in
reported pain (Losin et al. 2017) using face-to-face
medical simulations and surveys about participants’
core beliefs and values to manipulate feelings of cultural
similarity and trust. In the present study, we replicated
trust-related reductions in pain using a different trust-
worthiness manipulation: changes in the facial features
of virtual doctors. We found that receiving painful heat
stimulation from low- versus high-trust doctors was
associated with increases in activity in brain regions
involved with the sensory discriminative and affective-
motivational aspect of pain and increased expression
of a multivariate pain-predictive neural signature, the
NPS (Wager et al. 2013), during both pain experience and
pain reporting. We further found that lower levels of
trust in the virtual doctors and mistrust in healthcare
organizations, in general, were associated with increased
brain activity in regions involved in pain, emotion, and
attention during pain experience and reporting.

Doctor trustworthiness influenced sensory
and affective correlates of pain
Across our analyses, we found evidence that doctor
trustworthiness influenced the sensory-discriminative
and affective-motivational dimensions of pain during
both pain experience and reporting. Evidence of doctor
trustworthiness influencing the sensory-discriminative
aspect of pain includes our behavioral finding that
participants rated their pain intensity higher in response
to painful heat stimulations from low-trust doctors when
the doctor trust levels were based on participants’ own
ratings of doctor trustworthiness. In our whole-brain
results, we found that receiving high stimulus intensity
heat stimulation from a low-trust doctor increased activ-
ity in several brain regions implicated in nociceptive pain,
including the anterior insula (aINS), ventral insula (vINS),
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and SMA. We also found that receiving painful heat
stimulation from a low-trust doctor increased responses
of the multivariate NPS pattern, which is sensitive
and specific to nociceptive pain (Wager et al. 2013).
In a whole-brain correlation analysis, we found that
participants’ mistrust in healthcare organizations was
associated with increased activity in regions involved in
pain, attention, and emotion when participants rated
their pain intensity from low- versus high-trust doctors.

Evidence of our doctor trustworthiness manipulation
modulating the affective-motivational aspects of pain
include our behavioral finding that participants’ ratings
of the trustworthiness of the virtual doctors made prior
to the scan predicted their reported pain unpleasantness,
which is thought to reflect the affective-motivational
aspect of pain (Price et al. 1983). Participants also rated
their pain unpleasantness higher in response to painful
heat stimulations from low-trust doctors when the
doctor trust levels were based on participants’ own
ratings of doctor trustworthiness. In our whole-brain
analysis, we found increases in activity in several brain
regions associated with pain during both pain intensity
and pain unpleasantness rating periods, as well as a
significant increase in NPS responses to low-trust doctors
during pain unpleasantness rating. These findings
are consistent with other clinical and experimental
studies finding that social, contextual, and interpersonal
factors can modulate reported pain (Master et al.
2009; Eisenberger et al. 2011; López-Solà et al. 2019;
Ashton-James et al. 2021) and suggest that interventions
aimed at increasing doctor trustworthiness may have
broad impacts on both the sensory-discriminative and
affective-motivational dimensions of pain experience
and reporting.

Doctor facial trustworthiness sufficient
to influence pain
A novel aspect of our experimental manipulation, which
was based solely on facial features, is that it was never
made explicit to participants and did not involve any
modification of doctor speech or behavior, in contrast to
most prior studies of trustworthiness in medical contexts
(Baker et al. 2003; Andreassen et al. 2006; Coran et al.
2013). Supporting the implicit nature of our manipula-
tion, ratings made by participants at the conclusion of
their participation in the study suggested that although
they had some idea trustworthiness might be under
study, it was clear that they did not perceive trustwor-
thiness to be the study’s primary focus. Our results add
to our understanding of which characteristics of medi-
cal providers and medical interactions may have mean-
ingful impacts on clinical outcomes such as pain. For
example, we have previously demonstrated that factors
relevant to the clinician, such as perceived similarity
and trustworthiness (Losin et al. 2017), race and eth-
nicity (Anderson et al. 2020), and movement synchrony
(Goldstein et al. 2020) can influence patient reported
pain and its physiological correlates. Consistent with

psychological findings on the rapidity of observer judg-
ments based on facial appearances alone (Willis and
Todorov 2006; Rule et al. 2013), our findings suggest
that patient judgments of the trustworthiness of their
doctor may be made spontaneously and potentially inde-
pendent of behavioral markers of trustworthiness. As
competing demands on doctor time restrict the length
of medical visits (Sinsky et al. 2016), and the continuity
of care with a single doctor decreases (Levene et al. 2018),
patients’ impressions formed on the basis of superficial
characteristics of their doctor may have important con-
sequences for the quality of the medical interaction and
the doctor–patient relationship.

Limitations
Several limitations of the present study are worth noting.
First, our use of healthy participants playing the role of
patients in the virtual medical interactions limits the
generalizability of our findings to clinical pain popula-
tions. Given known differences between patients with
chronic pain and healthy individuals in central noci-
ceptive processing (Baliki et al. 2008; Vachon-Presseau
et al. 2016; Martucci and Mackey 2018), further study
is needed to investigate whether the effects of trust-
worthiness on pain that we report here generalize to
patients with chronic pain. However, although our study
did not involve actual patients or doctors, our use of
virtual medical interactions provided a high degree of
experimental control and allowed us to examine trust-
related changes in pain using functional neuroimaging.
Our use of computer-generated face stimuli that varied in
perceived facial trustworthiness, rather than actual doc-
tors, enabled us to experimentally manipulate perceived
trustworthiness and examine more implicit effects of
trust-related changes in pain which are independent of
doctor speech or behavior, providing a novel experimen-
tal contribution to the literature on doctor–patient trust.
However, the relationship between the results of the
present study and semantic or behavioral medical inter-
ventions, which are more commonly employed in clinical
research settings, is a topic that should be examined
in future studies. Second, because only white-appearing
face stimuli were available for use in the present study,
our findings on doctor trustworthiness may not gener-
alize to more diverse contexts. The faces used for our
doctor stimuli were also male and thus may not gener-
alize to perceived trustworthiness in female doctors. Our
findings using only male faces must also be considered
within the context of gender discordance, which prior
evidence suggests may influence reported pain (Aslak-
sen et al. 2007). Finally, as prior studies have found a
strong influence of the evaluative context on subsequent
face judgments (DeBruine 2005; Todorov et al. 2005), it
is likely that the medical context presentation in our
study strongly influenced participant brain responses to
the stimuli. We did not assess brain activity to the face
stimuli separate from the context of the doctor body,
limiting our ability to speak to the prior literature on
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the neural correlates of facial trustworthiness. However,
our choice to present the trustworthiness face stimuli to
participants only within the medical context is likely to
have increased the overall realism and generalizability
of our study. Our use of fMRI also allowed us to examine
the neurobiological mechanisms of our previous finding
of trust-related reductions in reported pain (Losin et al.
2017).

Conclusion
In conclusion, our findings suggest that patient trust
in their doctor may have tangible impacts in reducing
both sensory-discriminative and affective-motivational
aspects of pain experience and reporting and point to
a potential brain basis for trust-related reductions in
pain via modulation of central nociceptive mechanisms.
Future studies should aim to investigate how other psy-
chological and neurobiological factors known to influ-
ence pain (e.g. anxiety, placebo analgesia) influence the
present study’s findings of trust-related changes in pain.
For example, our finding that perceived doctor trust-
worthiness influenced NPS responses should be con-
sidered in the context of findings that placebo treat-
ments generally have only small effects on the NPS
(Zunhammer et al. 2018). This suggests that doctor trust-
worthiness as manipulated in our study may be act-
ing through different brain mechanisms than placebo
analgesia.

The findings in the present study have several impli-
cations and potential applications for real-world medical
care. First, although we used computationally derived
face stimuli (Oosterhof and Todorov 2008; Todorov 2011)
in our study to manipulate the perceived trustworthiness
of virtual doctors, we do not suggest that altering doc-
tor facial expressions associated with trustworthiness
should be an intervention for improving real-world doc-
tor–patient relationships. Rather, our results suggest that
even small and implicitly perceived changes in trustwor-
thiness in the doctor–patient interaction may improve
patient health. The results of the present study, when
combined with our prior work in which we manipulated
doctor trustworthiness via perceived doctor–patient sim-
ilarity (Losin et al. 2017), demonstrates that perceived
trustworthiness in doctor–patient interactions may be
manipulated via multiple pathways, with effects on both
reported pain and its neural correlates, and may point
to novel interventions for improving patient care in the
future.
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