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Abstract

Background—Empathy is an essential aspect of clinical care, associated with improved patient
satisfaction, increased adherence to treatment, and fewer malpractice complaints. Previous studies
suggest that empathy declines during medical training. However, this past research relied on a
single narrowly operationalized self-report measure of empathy. As empathy is a complex socio-
emotional construct, it is critical to assess changes across its distinct components using multiple
measures, to better understand how medical training influences empathy.

Methods—In a longitudinal design, medical students completed a series of self-report and
behavioral measures twice a year during the first three years of their study (2012 — 2015). These
included the previously used Jefferson Scale of Physician Empathy (JSE), designed to assess
empathy in the clinical context, the Questionnaire of Cognitive and Affective Empathy (QCAE),
designed to assess overall empathy and its main components, and behavioral measures of
sensitivity to others’ pain and understanding of other’s emotions, both important aspects of
empathy. Employing multiple measures allowed for a more complete assessment of medical
students’ empathy and related processes.

Results—Replicating previous work, students’ empathy assessed by the JSE decreased over
training. However, on the QCAE, aspects of students empathy, specifically overall cognitive
empathy and it’s subcomponent perspective-taking and the emotion contagion subcomponent of
affective empathy improved while the remaining subcomponents stayed stable. Students also

Corresponding author: Dr. Jean Decety, decety@uchicago.edu, 5848 S University Ave, Chicago, IL 60637.
Other disclosures: No competing interests to disclose

Ethical approval: This study was approved by the University of Chicago’s Institutional Review Board (Ref. # IRB12-1561, Most
Recent Continuing Review Approval Date: 3/19/2015) and conducted in accordance with the Declaration of Helsinki.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Smith et al. Page 2

exhibited comparable growth in their understanding of others’ emotions and increased sensitivity
for others’ pain during medical school.

Conclusions—Changes in empathy during medical school cannot be simply characterized as an
overall decline. Indeed, aspects of empathy thought to be valuable in positive patient physician
interactions improve during training. Overall, this study points to the importance of assessing the
distinct components of empathy using multiple forms of measurement in order to better
understand the mechanisms involved in empathy changes in medical practice.

Introduction

It is generally acknowledged that empathy is beneficial, and that it should be the basis of
attitudes towards patient care, or should at least play an important role in the doctor-patient
relationship alongside deductive logic, physical examinations, and treatment(1). Physician
empathy is associated with multiple beneficial outcomes for both the patient and physician,
including increased patient adherence to treatment, fewer malpractice complaints, and
increased physician health, well-being, and professional satisfaction(2) along with decreased
burnout, personal distress, depression, and anxiety(3-5). Additionally, patients’ perceptions
of their physicians’ empathy are positively associated with more favorable health
outcomes(6,7).

This relationship between empathy and improved physician and patient outcomes has led to
the argument that empathy is critical in physician patient interactions(1,8,9). Despite this,
research suggests that empathy declines over the course of medical school, with medical
students exhibiting decreases in self-reported empathy during their studies(10). Worryingly,
it is thought the steepest decreases occur between medical students’ second and third year as
they begin their clinical training(10), a time when empathic communication is critical.
However, it is not clear how reliable this decline is(11). Recent work failed to find changes
in empathy during medical school(12), or found only declines in some aspects of empathy
and none in others(13). There is some evidence for increases in behavioral aspects of
empathy(14). This suggests that empathy changes during medical training may be more
complex than an overall decline.

Empathy reflects an innate ability to perceive and be sensitive to the emotional states of
others coupled with a motivation to care for their wellbeing. This construct encompasses
both cognitive and affective components which are intertwined and not completely separable
from one another(15-18), making it important to assess them in concert as each contributes
to various aspects of the experience of empathy and its outcomes such as caring.

In medicine, cognitive empathy is generally considered as the ability to recognize and
understand another’s experience, to communicate and confirm that understanding with the
other person, and to take effective action to then act appropriately in a helpful manner(19);
affective empathy, is viewed as a form of emotional resonance or attunement with the
patient(17). The medical literature on empathy emphasizes cognitive empathy as most
important to the clinical interaction given it enables physicians’ understanding of how their
patients feel without sharing those emotions. Affective empathy, being attuned to the
patients emaotions, is thought to impede the physician’s ability to effectively diagnose and
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treat the patient(20). However, this conceptualization is both simplistic and misleading.
There is convincing empirical evidence from developmental science, social neuroscience,
and clinical neuroscience that the cognitive and affective facets of empathy interact in the
experience of empathy(15,21-25), and contribute in facilitating the physician patient
interaction(26). It is important for physicians to both accurately recognize their patients’
emotions and react accordingly(27), making it critical to examine the multiple processes and
components involved in changes in empathy during medical school with the goal of better
understanding how empathy evolves over the course of this training and what factors
contribute to that change.

Most of the research reporting negative changes in empathy during medical school has
primarily relied on one self-report measure, the Jefferson Scale of Physician Empathy (JSE)
designed to assess cognitive empathy specifically within the patient-physician
interaction(10,28). However, relying on this sole measure as a primary form of assessment is
potentially misleading given it focuses on one component of empathy, neglecting the
complex integration across empathic components and processes, making it difficult to
understand the mechanisms underlying observed changes. Indeed, some work indicates that
changes in components of empathy measured behaviorally demonstrates different patterns
across medical training than self-report measures(14). Additionally, there is evidence that
self-reported empathy as measured by the JSE does not correlate with observer reported
empathy(29), which is the most pertinent to the physician-patient relationship, as the
patient’s perception of the physician’s empathy is going to shape how they respond to the
physician. This, along with the lack of consensus on how reliable those changes are across
medical training(12,13), makes it critical to further our understanding of what contributes to
those alterations by assessing both cognitive and affective facets of empathy alongside the
behavioral expressions of those components.

Within the broader literature on empathy, this construct is typically measured using a
combination of self-report and behavioral measures to understand the underlying
neurological and physiological mechanisms promoting empathy and caring (15,27,30,31).
The Questionnaire of Cognitive and Affective Empathy (QCAE) (32-35) was developed to
address inconsistencies in current measurement tools such as the Interpersonal Reactivity
Index (IRI). It reliably assesses the different components of empathy (cognitive and affective
and their respective subcomponents) based on the social cognitive neuroscience literature on
empathy and it’s underlying neural processes. This measure captures the multidimensional
nature of empathy as a complex socioemotional construct(32), and allows for a more
complete assessment of empathy as a construct. Utilizing these measures in combination
with behavioral manifestations of empathy provides a comprehensive framework to identify
the mechanisms underlying and contributing to individuals” empathetic capacity. These
behavioral measures include cognitive tasks that assess individuals’ sensitivity to suffering
of others, via rating videos depicting individuals’ expressing pain (36), and those assessing
individuals’ understanding of others’ thoughts and emotions, such as the Reading the Mind
in the Eyes Test (RMET) (37). Incorporating this variety of measurement when assessing
empathy in medical students and physicians can help provide a more complete
understanding of how empathy changes over the course of medical school and what
processes underlie those observed changes. It also has the potential to provide insight into
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the current observed discrepancies within the medical empathy literature, which is likely in
part due to differing forms of assessment.

The current study aims to examine multiple facets of empathy through four primary
questions: 1) How does cognitive empathy specific to the patient-physician relationship, as
assessed in much of the previous work (using the JSE), change over the course of medical
school; 2) How does empathy and it’s subcomponents assessed more broadly change (using
the QCAE) over the course of medical training and do these changes differ from those
observed with the JSE; 3) How do behavioral manifestations of empathy (individuals’
sensitivity to pain and understanding of others thoughts and emations) change over the
course of medical training; and 4) Are these changes related, and how can these
relationships inform our understanding of the mechanisms underlying empathy changes
during medical school? To do this, we collected self-report measures (i.e JSE and QCAE),
and behavioral measures (ratings of videos of individuals expressing pain and the RMET) to
assess medical students’ sensitivity to pain in others, and their understanding of others’
thoughts and emotions.

All first year students at three Chicago medical schools (Loyola, Northwestern, University
of Chicago) were emailed by their respective Dean and asked if they were interested in
participating in the study. To reduce any potential bias due to students thinking participation
may affect their academic career, this letter stressed the voluntary nature of the study,
unrelated to their own academic studies, and informed students that all the data would be
kept confidential by the research team. Of 406 eligible students, 129 (62 male) medical
students, aged 21 — 33, volunteered to participate in the study (80 (62%) Caucasian, 18
(14%) Asian/Asian American, 8 (6.2%) African American, 6 (4.7%) Hispanic/Latino, 16
(12.4%) multi-racial, and the remainder identifying as other. (For demographic information
separated by school, see Table 1). This sample is similar to those observed in previous
studies(10,14) as well as overall class compositions at the respective medical schools.
Participants gave written informed consent and were provided with $60 compensation at
each study appointment. This study was approved by the University of Chicago’s
Institutional Review Board and conducted in accordance with the Declaration of Helsinki.

Students attended appointments at the beginning and end of each academic year for their
first three years of medical school (2012 — 2015). At each appointment, students completed a
set of online surveys and computerized tasks, assessing different components of empathy.
The number of students no longer in the study by the last data collection time point was low:
n =15 (11.6%) (for table of dropout rates by school see Appendix S1; available online), and
108 of the 129 subjects (83.7%) had complete data for all time points (for sample
characteristics of students who dropped out see Appendix S1). For analyses, we included
participants with full survey data for at least 3 of the 6 time-points, n = 122 (58 male).
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Survey Measures

Students’ completed two questionnaires assessing changes in empathy over the course of
their medical training. First was the Jefferson Scale of Physician Empathy — Student Version
(JSE), developed to measure physician and medical student empathy specific to patient
interactions (for validity and reliability see(38)). As the JSE is thought to assesses primarily
cognitive aspects of clinical empathy(38), students also completed the Questionnaire of
Cognitive and Affective Empathy (QCAE), which assesses overall cognitive and affective
empathy in concert (for validity and reliability see(32)). The QCAE comprises two main
scales, cognitive and affective empathy, as well as five subscales (see Appendix S1 for scale
information and scoring). The QCAE was chosen to assess empathy because of its clear
distinction between the two main components of empathy and their underlying processes
compared to other common measures such as the Interpersonal Reactivity Index(32).

Behavioral Measures

At each appointment, students completed a set of computerized behavioral tasks assessing
processes important to empathy. First, students’ sensitivity to pain was measured by having
participants view ten videos of different individuals expressing pain, and rating the amount
of pain being experienced using a visual analogue scale from “no pain” to “intense pain”
(36). Participants’ ability to infer other’s mental states was assessed using a modified
version of the Reading the Eyes in the Mind Task (RMET)(37). During the RMET,
participants saw 24 black and white images of eyes expressing different mental states with a
forced choice between four different mental states for each. Participants’ performance was
coded by how accurate they were at identifying the correct mental state and their log
transformed reaction time to respond for trials in which they correctly identified the mental
state. For both tasks, there were two sets of stimuli, randomized and counterbalanced across
students and appointments, so students never saw the same set of images at two
appointments in a row.

Statistical Analyses

To assess changes in empathy and its related processes over the course of the first three years
of medical school, we utilized hierarchical linear modeling (HLM) techniques, a complex
form of ordinary least square (OLS) regression fits a linear function to the observed data
while accounting for variation across individuals to estimate the population level rate of
change based on the observed data set.(39,40). Given longitudinal data are inherently nested
with time grouped within subject (each individual has a series of outcomes for each time
point), and HLM accounts for potential variation in observed outcomes across individuals,
HLM was deemed the more appropriate method of analysis (as compared to repeated
measure ANOVA) (39). Additionally, HLM can handle missing values without imputation
(i.e. replacing missing values with substituted values based on distribution of data set) which
is well suited for the current data set where we did not have complete data for each subject at
every time point (39). All models were run using the nime package for R, developed for
building hierarchical linear models, with full maximum likelihood estimation (method of
computing estimates of population parameters that jointly maximize the likelihood of
observing a particular sample of data; for more explanation see 25) in R v3.2.3.
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Inspection of individual subject level trajectories indicated that a linear growth model was
most appropriate for the data set and there was no indication that growth patterns differed
across the summer versus academic months. For each outcome measure we assessed two
models, the first including only time as a predictor. As gender (32) and age (41) have
previously been associated with empathy, the second model incorporated these variables to
control for any effects. Since the RMET and pain sensitivity tasks included two stimulus set
versions, an additional model, including order, age, and gender, was created accounting for
any potential effects of order of presentation of the sets (for model equations as well as a
discussion of missing data, see Appendix S1). All control covariates were mean centered.
Model fit was assessed using chi-square tests comparing log likelihood values.

Changes in Empathy

Students exhibited a significant decline over time in JSE scores (f = -0.030, SE = 0.900, p
< 0.01; Figure 1). This effect remained significant after controlling for gender and age ( =
-0.092, SE =0.030, p < 0.01), and there were significant effects of gender (p = 5.21, SE =
1.72, p <0.01) and age (B = 1.36, SE = 1.36, p < 0.01) on initial status but not rate of
change, with women exhibiting higher initial scores compared to men and initial scores
being higher for older students. In contrast, students exhibited increases in QCAE total
scores over time (B = 0.053, SE = 0.477, p < 0.05). This effect remained significant after
controlling for gender and age (p = 0.024, SE = 0.024, p < 0.05). Gender had a significant
effect on initial scores (p = 8.13, SE = 1.56, p < 0.001), but not rate of change, with women
exhibiting higher scores compared to men. This pattern was the same for all of the subscales
examined except for the cognitive scale online simulation which had no significant effects of
predictors. Age did not have a significant effect on initial scores, but did have a significant
effect on rate of change, with older students demonstrating a less steep slope of change (B =
-0.033, SE = 0.013, p < 0.0). Examining the subscales revealed that there were significant
increases in overall cognitive empathy (p = 0.042, SE = 0.018, p < 0.05), specifically the
ability to take the perspective of others (f = 0.036, SE = 0.011, p < 0.01; Figure 1). After
incorporating gender and age, the effect of time on overall cognitive empathy (B = 0.043, SE
=0.018, p < 0.05) and perspective taking (p = 0.034, SE = 0.011, p < 0.01) remained
significant. Age had a significant effect on initial score for overall cognitive empathy (p =
0.65, SE =0.327, p < 0.05) but not rate of change, with older students having higher initial
cognitive empathy scores than younger students, and no significant effects on either initial
scores or rate of change for perspective taking. There were no significant effects of time on
overall affective empathy or any of the affective subscales, except for emotion contagion,
which demonstrated a significant effect with score increasing over time (p = 0.012, SE =
0.006, p < 0.05), and this remained unchanged after incorporating gender and age. For both
overall affective empathy and emotion contagion there were significant effects of age on rate
of change (B = -0.022, SE = 0.006, p < 0.001; p =-0.009, SE = 0.003, p < 0.01
respectively), with older students demonstrating a less steep slope of change. Overall, these
results suggest that students’ affective empathy primarily remained stable over the course of
training while cognitive empathy increased (for full model results see Table 2). For all
models except for online stimulation, the model including age, gender, and time
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demonstrated the best fit, indicating that these factors, even if not significant predictors, are
important to explaining medical students empathy levels and changes over the course of
medical school and should be taken into account when trying to understand the mechanisms
underlying these changes.

Changes in Behavioral Measures

Students improved at accurately recognizing other’s emotional states, exhibiting significant
increases in accuracy (p = 0.001, SE = 0.0003, p < 0.01) and significant decreases in
reaction times on the RMET over time (B = -0.013, SE = 0.001, p < 0.001; Figure 2). These
effects remained significant after controlling for gender, age, and order (Accuracy: p =
0.001, SE = 0.001, p < 0.05; Reaction time: p = -0.016, p < 0.001). Gender, order, and age
had no significant effects on rate of change of performance. However, gender had a
significant effect on initial scores for reaction time (B = —0.161, p < 0.01), suggesting
women exhibited faster reaction times for accurate judgments than men. Students also
demonstrated a trend towards increased ratings of other’s pain over time (B = 0.073, SE =
0.039, p = 0.064; Figure 2). However, this effect became significant after controlling for
gender, order, and age (B = 0.324, SE = 0.087, p < 0.01). Gender and age had no significant
effects on pain ratings, but order significantly affected change over time (B = 0.254, SE =
0.078, p < 0.01) (for more explanation of order effects see Appendix S1). Overall, over the
course of medical training, students appear to become more sensitive to others’ feelings and
mental states. (For full model results for behavioral outcomes see Table 3.) For RMET
accuracy, the best fit model was the model including only time indicating that including
order, gender, and age does not account for significantly more variability in the data beyond
that accounted for by time. This suggests that these factors are not significant contributors to
variability in individuals” accuracy on the RMET. In contrast, for RMET reaction times the
best fit model included gender, age, order, and time suggesting these additional factors (even
if not significant predictors) along with time are important to explaining the observed data
and should be taken into account. This was also the case for pain sensitivity, indicating that
order, gender, and age are also important explanatory variables in students’ sensitivity to
pain in others for this stimulus set.

Relationships among different outcome variables

To examine any relationships in change across the different outcome measures, we
calculated difference scores (last collection point — first collection point) for each outcome
measure and looked at correlations between them. Interestingly, the JSE difference score
was significantly correlated with all of the total QCAE score (r=0.43, p < 0.001) and all of
the cognitive empathy subscales (Cognitive: r= 0.48, p < 0.001; Perspective Taking: r=
0.33, p < 0.01; Online Simulation: r=0.49, p< 0.001). All p values were adjusted for
multiple comparisons. This suggests that while on aggregate, JSE decreases and QCAE
increases, at the subject level there may be consistency in individual trajectories.
Additionally, while performance on the pain and RMET were not significantly correlated
with each other, both behavioral measures were correlated with JSE scores.
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Discussion

Characterizing changes in student empathy throughout medical school is an important
endeavor given the importance of this capacity in clinical practice. While medical schools
are increasingly selecting doctors who they feel are effective and empathetic communicators
with patients and other hospital staff, some studies indicate an erosion of the capacity. Our
study only partly replicates these previous findings—specifically, JSE scores decreased over
the course of training. However, empathy levels, measured with the QCAE, exhibited a
strikingly different pattern, with cognitive and affective empathy improving, specifically
perspective taking and emotion contagion, along with the overall cognitive scale, over the
course of training. These findings highlight the importance of assessing both cognitive and
affective aspects of empathy when examining the effects of medical training on students’
empathetic processes. Furthermore, it suggests that empathy changes in medical school may
not be as straight forward as an overall decline. Indeed, while it may decrease in the context
of the patient interaction, as assessed by the JSE, the consistent stable or improvement in
empathy components on the QCAE indicates that the capacity for these processes is still
strong and even improving during medical school.

Importantly, behavioral assessments of empathic processes also demonstrated an
improvement over the course of medical training. Students exhibited progress in their ability
to recognize other’s emotional states, in line with previous work(14), and greater sensitivity
to facial expressions of pain. As cognitive empathy involves understanding and developing a
working model of others emotional states(27), the ability to recognize subtle expressions of
emotions is critical to developing this understanding. In the context of medicine, it is
important that doctors are able to identify their patients’ emotional expressions, especially in
regards to suffering, in order to understand and effectively respond to their needs and
concerns.

Additionally, we found that overall female students exhibited higher levels of self-reported
empathy. This is unsurprising and consistent with findings across studies of both medical
students and general population(20,32). Interestingly, these differences appear to be stable
over time, with gender having few significant effects on rate of change over time.
Importantly, for most models, including the effects of gender and age (even if not
significant) as predictors accounted for a significant amount of variability in the data above
and beyond that accounted for by time suggesting these are important contributors to
medical students’ empathy levels and should be considered when exploring patterns of
change in empathy during medical school.

Altogether, our study demonstrates that medical school does not lead to an overall decline in
students’ broad capacity for empathy, assessed with the QCAE and objective behavioral
tasks, but instead indicates a more complex, and less dire, pattern, with some aspects of
empathy actually strengthening over the course of training. Indeed, the only measure that
demonstrated a decline (the JSE) relies on self-report limited to a one facet and context,
cognitive empathy within the physician-patient relationship. These discrepant findings are in
line with one study demonstrating small, albeit significant, correlations between JSE scores
and more general measures of empathy (the IRI) (42). It is possible, that within the specific
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context of the physician-patient relationship, cognitive empathy does decline. However, the
current work suggests the observed declines are not a loss of overall empathic capacity,
which is more reliably assessed with the QCAE, but rather a lack of use within the patient
physician interaction. Additionally, to our knowledge, neither the JSE nor QCAE have been
assessed alongside doctors” and students’ behavior within the physician patient interaction.
Thus it is still unclear how the observed changes would translate into that interaction. Given
the JSE has been previously demonstrated to have poor correlations with observed
empathetic behavior (29), and the behavioral components of empathy measure in the context
of this study significantly improve over the course of training, there is a need for further
exploration into how observed changes in self-report measures directly relate to physician’s
behavior when interacting with patients.

Notably, the facets of empathy for which we do observe improvement, especially perspective
taking and understanding others’ emotions, are those argued to be most important to
physician empathy(10), and most susceptible to change through teaching(43). Future
interventions could focus on supporting and maintaining these skills, specifically in the
context of patient-physician interaction. It is possible that the observed changes are a result
of specific curriculum focuses on understanding the patient’s perspective and conveying that
understanding to the patient. Indeed, many medical schools, including those studied in this
work, have explicit empathy curriculums aimed at developing these skills. However, it is
also possible that the nature of medical training facilitates improvement in these skills
without explicit practice. More work needs to be done to illuminate the interrelationships
among the complex socio-emotional components of empathy, and how they then, as stated
previously, relate to practitioners’ actual behaviors within the physician-patient relationship,
to determine what aspects might be most susceptible to intervention, and even if intervention
is necessary.

While this study is unique in that it provides an in-depth, longitudinal assessment of several
component processes of empathy, self-reported and behavioral, across a large number of
students and multiple time points, it has some limitations. First, the sample size is small
compared to recent work looking at changes over time in empathy during medical as
assessed by the JSE as well as it’s factor validity(13)However, this sample size is
comparable to much of the other longitudinal research on changes in empathy over the
course of medical school(10,14), and is the first study, to the authors’ knowledge, to assess
and compare empathy changes in medical students as assessed by the JSE, or empathy in
context of the patient interaction, and a more general measure of students’ capacity for
empathy, the QCAE, along with measures designed to assess the behavioral manifestation of
this capacity. Additionally, there may be potential bias due to self-selection of participants,
in that patterns of change might be different in students who did not volunteer for the study.
However, this is a limitation inherent to all research done with human subjects, as it is
unethical to compel an individuals’ participation. The study is also somewhat limited by the
lack of behavioral measures of empathy within the physician patient interaction, which
makes it difficult to assess how self-reported changes in empathy translate into the clinical
interaction. Additionally, our study did not look at individual differences in respect to
empathy changes. While the primary goal was to examine how different aspects of empathy
change over medical school, there is a wealth of literature suggesting that individual
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differences in factors such as burnout(5), mental health(44), and lack of social support(3)
may influence students’ susceptibility to empathy changes over the course of medical
training. It could also be that the changes being observed are just a result of natural changes
over the course of life. However, while some work, suggests life-course changes in empathy,
the evidence is mixed(45,46). Additionally, many of these life-course studies use a measure
of empathy neglecting its different subcomponents, and where significant changes are found,
they are often declines. Lastly, while the QCAE has been used and demonstrated reliability
across a variety of population, including those with comparable backgrounds to first year
medical students (i.e. university undergraduate and graduate students) (32-35), it is possible
the scales structure may differ in the medical student population and should be explored
further in future research.

Overall, our study provides the first integration of multiple self-reports and objective
measures of medical students’ empathic capacity, based on more resent theoretical and
empirical research from behavioral neuroscience. The findings demonstrate that changes in
empathy during medical training are not necessarily negative. It appears to be much more
complex than initially thought, and shows how problematic it is to rely on a single subjective
measure to assess a complex psychological construct. Empathy is not one single
psychological process, but an integration of different facets. Importantly, clinical empathy, to
be effective for both the patient and his/her doctor, should not be reduced to its cognitive
facet (perspective-taking), but needs to encompass emotional engagement and
attunement(26). All facets of empathy (affective, cognitive, and motivational) are important
and have to be adaptively engaged to positively influence patients’ health(1).

There is a need for more research examining the different subcomponents of this complex
socio-emotional process and their behavioral manifestations, followed by an examination of
what factors may influence individual differences in these changes. Future work should
focus on outlining the nature of these changes, how they translate into a clinical interview
setting, which individuals are most susceptible to these changes, and the neurobehavioral
mechanisms that contribute to that susceptibility. Ultimately, this new empirically-based
knowledge will be used to inform potential interventions aimed educating medical students
to engage in clinical empathy by enhancing both the effectiveness of their care for patients
and their own career fulfillment (26).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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