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ABSTRACT

Objective: Trust, a fundamental part of human
interpersonal relationships, is known to be associated
with specific brain regions and demographic
characteristics. Level of trust in medical professionals
can alter population health outcomes and influence
the nature of the doctor-patient relationship. This
study utilized structural magnetic resonance imaging
(MRI) and trust data from the Dallas Heart Study (DHS),
a large community-based study, to determine brain
regions associated with degree of trust in physicians
and the medical profession. The first phase of the DHS
was conducted from 2000 to 2002 and the second
phase from 2007 to 2009.

Methods: The MRI data were analyzed as part of the
DHS using automated FreeSurfer software. Forward
stepwise binary logistic regression was performed

to investigate the association between measures of
trust and bilateral brain region volumes and thickness
followed by confirmatory multiple regressions of
significant brain regions. A total of 1,596 participants
were included in the final analysis.

Results: Left caudal anterior cingulate cortex

(ACC) thickness was inversely correlated with trust

of physicians (P<.01). There were no significant
associations between trust in physicians and age, race
or ethnicity, or education.

Conclusions: The ACC is an integral part of the
salience network, the brain network responsible for
communication and social behavior. Trust in physicians
did not appear to be influenced by demographic
characteristics. The findings suggest there are
neuroanatomical correlates of trust in physicians.
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Trust is an integral part of any human relationship' and as such
extends to the relationship between patients and health care
providers. Although a singular definition has been difficult to pinpoint,
trust can be characterized as a process involving the combination of
feelings, emotions, and thinking in relation to balancing risk versus
reward based on expectations of another person’s behavior.? Trust is
influenced by situational and contextual factors, as well as knowledge
of behavior or reputation.” The imbalance of knowledge and power
inherent in the relationship between patients and their health care
provider means that patients must often rely on trust when seeking
care,’ and this is recognized and respected by the ethical codes of
professional organizations.*-

The role of trust has been examined in numerous studies’ " of
the patient-physician relationship. Distrust can be a barrier to the
use of available medical services and thus to optimal health.”” In
patients with chronic conditions such as hemophilia,'® HIV,!! insulin-
dependent diabetes,'? and sickle cell disease,'® those with less trust in
physicians had lower adherence. Poor social trust has been linked to
increased death rates from coronary heart disease, cancer, and infant
mortality.!* On the other hand, greater trust in physicians is associated
with medication adherence.'® Furthermore, trust in physicians may be
a factor in the placebo response,'® perhaps acting through oxytocin.!”-1
Thus, trust in physicians is an important aspect of patient care and
clinical outcomes.

In recognition of the importance of trust in the patient-physician
relationship, multiple independent measures of patient-physician trust
have been developed.?’-* Although the influence of experiential and
historical factors affecting the development of patient trust of medical
providers has been examined, little is known about the neurobiology
involved. The neurobiological underpinnings of trust in general,
however, have been examined using laboratory paradigms and imaging
modalities. One study?** found that the prefrontal cortex, anterior
insula, and amygdala played a role in the social-cognitive processing
responsible for trust development. Another study? showed that
individuals with larger gray matter volume in the prefrontal cortex and
anterior insula trust more easily. Additionally, multiple studies***” have
identified the amygdala as crucial to the development of interpersonal
trust. A functional magnetic resonance imaging (fMRI) study also
implicated the dorsal striatum (caudate nucleus and putamen), anterior
paracingulate cortex, and orbitofrontal cortex in the neural correlates of
trust.”® Studies using both fMRI and electroencephalography (EEG) have
identified the striatum and anterior cingulate cortex (ACC) as regions
of interest in the formation of interpersonal trust.? Within the ACC,
the caudal/dorsal ACC and the rostral/ventral ACC may serve separate
roles in emotional processing.?® This regional separation of function
is supported by the caudal/dorsal ACC having extensive connections
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Clinical Points

B Trust in physicians and the medical field has an impact on
patients’ access and response to treatments.

B Volume/thickness of specific brain regions is associated
with self-reported trust in physicians and the medical
field.

B Further study is necessary to investigate the anatomy and
physiology of trust development, which might lead to
insights in how to develop and improve patient-physician
relationships and treatment outcomes.

to cortical areas related to cognition and movement, while
the rostral/ventral ACC has extensions to read brain areas
important for emotion, memory, and reward functions.?’
The external connections of the ACC as a whole suggest
that the ACC may be implicated in developing trust, given
the crucial role of evaluation and appraisal of emotion in that
process.*®*! While not explicitly identified in interpersonal
trust, increased activity in the right midfrontal gyrus has
been associated with intention to conceal information,*? and
greater interconnectivity of the right midfrontal gyrus and
other regions predicts placebo response.*®

The aim of this study was to identify brain regions
associated with trust of a physician by a patient. The sample
utilized data from the Dallas Heart Study (DHS), a large
and multiethnic epidemiologic sample of Dallas County
residents.

METHODS

Study Sample

The DHS is a large, multiracial, multiethnic, and
socially diverse community-based study that included an
epidemiologic sample of adults living in Dallas County,
Texas. The first phase of the DHS (DHS-1), conducted
from 2000 to 2002, was designed to examine cardiovascular
disease risk factors and collect data for future research.** The
study intentionally oversampled African Americans to have
power to examine cardiovascular disease risk factors in this
subpopulation. The data obtained from DHS-1 included a
question in which participants reported their level of trust
in doctors and the medical profession in general.

The second phase of the Dallas Heart Study (DHS-2) was
conducted from 2007 to 2009. In DHS-2, participants from
the initial DHS-1 were asked to participate in a follow-up
study approximately 7 years later. DHS-2 participants were
either participants of DHS-1 or family members (or spouses)
of DHS-1 participants so as to replace participants lost to
attrition. As part of DHS-2, some participants underwent
brain magnetic resonance imaging (MRI) at The University
of Texas Southwestern Medical Center. The study sample
included only volunteers who participated in both DHS-1
and DHS-2.

Demographic characteristics included in this study
consisted of self-reported race/ethnicity (African-American,

white, Hispanic, or other), level of education (quit high school,
high school graduate, or post high school), age, and sex.

Exclusion criteria were lack of demographic data from
DHS-1 such as age, sex, or education level; missing answer on
the physician trust question in DHS-1; and missing MRIs from
DHS-2. The Institutional Review Board at The University of
Texas Southwestern Medical Center approved the study, and
all participants provided written informed consent.

Measure of Trust

As part of a questionnaire administered to all participants
in DHS-1, one particular item asked participants to “Think
about doctors and the medical profession in general. Please
rate the level of trust you feel toward them” The possible
answer choices were “Trust them completely,” “Trust them
partially,” and “Not trust them at all” Participants who
responded to this physician trust question were included in
the analysis. Responses to this particular question have been
investigated previously in other contexts.>

MRI Protocol and Imaging Analysis

Brain MRIs were collected with a 3-T MRI system (3T
Achieva, Philips Healthcare, Cleveland, Ohio) at The
University of Texas Southwestern Medical Center using
protocols and techniques previously discussed in detail.>®
Quantification and separation of distinct brain MR regions
were performed as part of the DHS study using FreeSurfer
image analysis software, version 4.4 (Martinos Center for
Biomedical Imaging, Boston, Massachusetts). The specific
parameters of the FreeSurfer tool kit used for automated
segmentation of brain regions have been described in detail
previously.’” DHS recorded neuroimaging data by using
gray-white matter segmentation, cortical surface models, and
statistical analysis of morphometry differences. Images were
reviewed during quality control by a trained observer and
reviewed for exclusion by 2 neuroradiologists. Abnormalities
flagged during image exclusion included lesions occupying a
large space, cortical strokes, brain tissue loss, metal artifacts,
and image processing errors.’® The current analysis used
existing regional brain volume data from this large dataset.

Statistical Analysis

From the DHS-1 and DHS-2 data, several variables were
defined for clear and standardized analysis. Due to the
overrepresentation of African-Americans, the race variable in
the present study was dichotomized into African-Americans
and “other race” Regarding the trust question, a new physician
trust variable was established by dichotomizing the original
answer choices. Responses of “trust them completely” were
recorded as “complete trust,” and “trust them partially”
and “not trust them at all” responses were collapsed into a
single “partial or no trust” value. This dichotomization was
performed because only 2.3% of responders answered “not
trust them at all”

A comparison of the included and excluded sample of
participants was conducted. In this comparison, x* analyses
were performed to assess for statistically significant differences
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Figure 1. Final Sample Determination for Regression Analysis

DHS-1 + DHS-2
participants who
received questionnaire
(n=2,485)

Brain ROI missing
data (n =854)

Education years
missing data
(n=27)

Physician trust
question missing
data (n=8)

Final sample
(N =1,596)

Abbreviations: DHS-1=Dallas Heart Study phase 1, DHS-2=Dallas Heart
Study phase 2, ROl =region of interest.

in categorical variables, and independent sample ¢ tests were
performed to assess differences in the continuous variables.
Statistical significance was defined by a P value <.05.

A forward stepwise binary logistic regression analysis
was performed using SPSS version 25 software (IBM
Corporation; Armonk, New York; 2017) to investigate the
association between self-reported trust in physician and
bilateral brain region volume and thickness in specific
regions of interest (ROIs). Regions investigated were caudal
and rostral anterior cingulate cortex volume and cortical
thickness, posterior cingulate cortex volume, frontal pole
volume, medial orbitofrontal volume, lateral orbitofrontal
volume, rostral middle frontal volume, superior frontal
volume and cortical thickness, inferior temporal volume,
cuneus volume, amygdala volume, insula volume, thalamus
volume, caudate volume, putamen volume, and accumbens
volume. These brain regions had been implicated in prior
research studies>?*-! on trust. The objective was to determine
which brain regions are related to trust of physicians and the
medical profession. A single stepwise regression was used,
in contrast to separate regressions, to explore numerous
brain regions without requiring correction for multiple
comparisons. This regression was followed by a confirmatory
binary logistic regression of brain regions identified using
the stepwise approach and including the same demographic
covariates as well as intracranial volume. Finally, to explore
the influence of the group with no trust on the findings and
provide support for the decision to collapse the original trust
choices “trust them partially” and “not trust them at all”
into a single “partial or no trust” value, an additional binary
logistic regression was conducted to assess how the emergent
regions predict membership in 1 of the 2 no/low trust groups.

Table 1. Demographic Features of the Included and Excluded
Samples

Included Excluded
Variable (n=1,596) (n=889)
n % n %
Sex
Male 697 437 534 60.1
Female 899 56.3 355 39.9
Race/ethnicity
African-American 734 46 551 62.0%
Other 862 54 338 38.0%
Education
Quit high school 206 12.9 147 17.9%
High school graduate 351 22 264 32.1%
Post high school 1,039 65.1 411 50.0%
Trust toward medical profession
Partial or no trust 1,059 66.4 563 64.1
Complete trust 537 336 315 359
Mean SD Mean SD
Age,y 50.01  10.169 51.65%  10.52
Intracranial volume (mL) 1,130.55 24323 1,11523 258

*P < .05; significance was determined by the use of x? tests or independent
sample t tests to compare the proportion of the variables or the
difference of the mean of included versus excluded samples.

Table 2. Variables in the Equation Associated With
Significance for Trust in Physicians
Variable B SE Wald P eb

Intracranial volume —0.001 0.000 3.989 .046 0.999

Left caudal anterior cingulate ~ -0.465 0.163 8.088 .004 0.628
cortex thickness

Rostral middle frontal volume

-0.064 0.030 4476 .034 0.938

For all analyses, age, sex, race, education, and intracranial
volume were used as independent covariates. Interaction
terms between the specific ROI and covariates of age, sex,
race, and education were conducted to evaluate a potential
interaction effect between brain ROI and covariates.
Statistical significance was defined by a P value <.05.

RESULTS

Of the initial cohort of 2,485 individuals who participated
in both DHS-1 and DHS-2, 889 participants were excluded
from the present analysis, with the remaining 1,596
participants included in the final analysis of the physician
trust metric. Of those excluded, a majority (n=2854) were
excluded due to lack of MRIs in DHS-2, and the remainder
were excluded due to missing demographic information
(n=27) or missing data from the physician trust question
(n=8) in DHS-1. The final sample is described in Figure 1.

Participants excluded due to missing data had statistically
significant differences in race, education, and age compared
to the sample included in the analysis. There were no
significant differences in sex, mean intracranial volume, or
response to the physician trust question. The demographics
of included and excluded participants are shown in Table
1. To evaluate for moderating effects between the specific
ROI, covariates, and the possible need for subgroup analyses,
interaction terms were created. Interaction terms of all the
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Figure 2. The Caudal Anterior Cingulate Cortex and Rostral Middle Frontal Areas of the Brain

superior
parietal

supra-
marginal
inferior
parietal

lateral
occipital

isthmus
cingulate

cuneus

wne
2l A
‘,et\c‘\ Voo anterior
cingulate

%
< ofro®
medial orbito!”

ROIs by age, sex, race, and education were conducted, and
no significant interactions were found.

The primary finding of stepwise analysis was that left
caudal ACC thickness and right rostral middle frontal volume
were inversely associated with physician trust (P=.004
and P=.034, respectively). These results are described in
Table 2. Figure 2 demonstrates the caudal ACC and rostral
middle frontal areas of the brain as defined by FreeSurfer.
In the stepwise regression, no other ROIs studied showed
significance regarding the physician trust metric. Age, sex,
race, and education were not significantly associated with
physician trust. Confirmatory analyses using binary logistic
regressions of left caudal ACC thickness, right rostral middle
frontal volume, and demographic covariates revealed that
left caudal ACC thickness was significantly associated with
the trust question response (B=-0.453, P=.005, odds ratio
[OR]=0.636, 95% CI, 0.463-0.873) with a trend for right
rostral middle frontal volume (B=-0.059, P=.057, 95%
CIL, 0.887-1.002). A binary logistic regression was used to
compare the “not trust them at all” and “trust them partially”
groups. The relationship of the 2 groups to left caudal ACC
thickness (B=-0.006, P=.979, OR=0.994) and right rostral
middle frontal volume (B=-0.033, P=.455, OR=0.967) was
not significantly different.

DISCUSSION

In this study, we demonstrated an association between
brain ROI volume/thickness and reported trust in physicians.
ACC thickness is also positively related to alexithymia® and
posttraumatic stress disorder improvement.* It is inversely
related to aggression,*’ obsessive-compulsive disorder
severity,*! and attention-deficit/hyperactivity disorder*?
and is inconsistently related to depression.**** The ACC,
as a component of the salience network, is known to have
extensive connections to multiple brain regions and has been
implicated in processes relating to motor activity, cognition,
emotion, reward, and memory.*>*® In particular, the dorsal-
caudal region of the ACC is implicated in expression of fear
and anxiety.*

The stepwise regression suggested that right rostral middle
frontal volume was also associated with physician trust.
However, a binary logistic regression including only this
brain region and covariates showed a trend (P=.057) for an
association between this brain region and trust. While middle
frontal gyrus volume differences have not been previously
implicated in trust, such differences are associated with
age-related decline in episodic memory retrieval*’ and first-
episode depression.*® In healthy young adults, the process
of context retrieval as a part of episodic memory has been
associated with increased activity in the middle frontal gyrus.*’
As middle frontal gyrus volume has been demonstrated to
effect episodic memory retrieval (and thus context retrieval),
along with affect and present cognition, volume differences
may affect the development of trust in physicians.

The current study found no association of age, sex, race,
or education with self-reported trust in physicians. This
finding is consistent with other research*’ that demonstrates
when trust in physicians is assessed directly (for example
by asking “Do you trust your doctor?”) as in this study, or
when multiple questions assessing trust are aggregated into
1 score, there tend to be no significant differences between
US racial and ethnic groups. However, prior research**>°
demonstrates that when trust is assessed indirectly (when
participants are asked about expected behaviors of others in
a particular situation), racial and ethnic differences in trust
are observed. For example, 1 study®! of patients with advanced
liver disease found no significant difference in trust in health
care providers when responses to multiple questions were
aggregated into 1 score, but black participants were more
likely to believe their doctor would let them die if they were
an organ donor so that their organs could be given to others.
By relying on 1 direct question to assess trust in physicians, we
may not have uncovered the full extent of physician mistrust
among our sample.

This study has some limitations. The greater exclusion of
African-Americans and people with lower education levels
due to missing data raises the concern for possible selection
bias. While this possibility cannot be ruled out, interaction
terms of ROI and race or education were not significant.
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This finding suggests that neither race nor education
significantly influenced the relationship between the ROIs
and trust. Because our sample comprised participants in
a large, longitudinal, and invasive medical research study,
individuals with the least trust in physicians, medical
professionals, and medical research may have excluded
themselves from participation. Individuals who underwent
MRI but were excluded for not answering the physician
trust question (n=38) may be particularly untrusting in
physicians. Nonetheless, 64.1% endorsed partial or no trust,
suggesting that people with less than full trust in the medical
profession participated in the study. The trust question was
administered in DHS-1, while brain volumes were assessed
in DHS-2, which could influence the findings since physician
trust could vary over time. A dichotomized, rather than
continuous, trust variable was used, which may have limited
the ability of the analysis to detect subtle differences in trust.

The use of an automated method of imaging analysis,
FreeSurfer, is a strength of the study and was needed to analyze
such a large number of images. However, brain regions are
defined somewhat differently by FreeSurfer than with a ROI
subdividing system.”” While these differences in regions may
have led to some differences in results, it has been shown that
automated subdividing programs consistently demonstrate
highly reliable results, lower variability, greater validity, and
improved reproducibility compared to manual systems.’
This study used preexisting data from the large DHS study
database, which is both a strength and a limitation. While the
database provided neuroimaging and trust data on a large,
diverse, community-based sample, the study was limited by

Physician Trust and Regional Brain Volume
CONCLUSION

This study uncovered new insight into brain regions
associated with trust in physicians. The findings
demonstrate an association between self-reported physician
trust and brain regions previously known to be involved
with affect processing and recollection of past experience.
This finding is consistent with previous studies>3%4>47
showing that both types of input contribute to the
development of mistrust or trust. The findings suggest
that trust in physicians may not be influenced greatly by
demographic characteristics. However, more nuanced
methods of assessing trust than the survey used here
may have been able to identify more subtle distinctions.
Nonetheless, even with 1-item self-report, there appear to
be neuroanatomical correlates of trust in physicians. This
understanding may be enhanced by further investigation
of the left caudal ACC or right rostral middle frontal gyrus
using neuroimaging techniques such as fMRI during a trust
task and by employing more nuanced questionnaires that
use multiple direct and indirect approaches to assess trust
in physicians. We observed a relationship between caudal
ACC thickness and physician trust. The ACC is a brain
region implicated in the placebo response.*~>* However, to
our knowledge, prior studies have not examined thickness.
A better understanding of the neurobiology of trust in
physicians may allow for the development of techniques
that might serve to enhance this trust and improve the
quality of the doctor-patient relationship, as well provide
clues to the neurobiology of clinical outcomes including

the data included in the DHS.
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