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Abstract: Background: Physician burnout is increasingly recognized as a problem in physician
well-being and may negatively affect patient care outcomes. Burnout can begin at any point of
training or practice, potentially as early as the first year of medical school. Thus, there is a need
to characterize possible burnout in medical students as the first step to optimizing strategies for
mitigation. Traditionally, burnout has been studied using survey-based variables; however, iden-
tifying novel physiological and molecular biomarkers could allow for the expansion of screening
and intervention strategies. Methods: In this pilot prospective cohort study, we followed a group
of preclinical 1st and 2nd year medical students (n = 9) at the University of Florida over one aca-
demic year of medical school. We collected survey responses (Maslach Burnout Inventory [MBI],
Patient Health Questionnaire-9 [PHQ-9], and Perceived Stress Scale [PSS]) and measured a panel of
candidate physiological biomarkers of burnout (Inflammatory Cytokine Panel, Heart Rate Variability
[HRV], and Leukocyte Telomere Length). Results: In the study participants, MBI composite scores
and PHQ-9 scores showed a statistically significant increase over the course of an academic year,
indicating higher levels of medical student burnout. Additionally, respondents reported a statistically
significant decrease in time devoted to exercise, and we measured a significant increase in body
mass index (BMI) during the academic year. PSS scores showed an upward trend which was not
statistically significant. Likewise, average leukocyte telomere length trended downward, but the
change was not statistically significant. There were no measured changes in the serum concentration
of pro-inflammatory cytokines, and time-domain heart rate variability metrics did not differ signifi-
cantly between timepoints. Conclusions: This pilot study supports the notion that burnout can begin
early in medical school and is detectable via survey instruments in first-year and second-year medical
students even with a small sample size. Additionally, leukocyte telomere length could potentially be a
useful biomarker of burnout with supporting data, but we did not observe any statistically significant
changes in inflammatory cytokines or heart rate variability. Further investigation into these potential
biomarkers with larger cohort sizes is required to fully characterize their clinical utility.
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1. Introduction

Occupational burnout is a syndrome characterized by work-related symptoms of
emotional exhaustion, feelings of cynicism, and depersonalization [1,2] and has been
identified as a major problem in healthcare professionals [3,4]. Recent estimates of physician
burnout have been at about 50% in 2016 [5], which increased to over 60% after the COVID-
19 pandemic [6]. Compared to other professions, physicians are significantly more likely to
experience symptoms of burnout during their careers [3]. Physician burnout is associated
with other psychiatric comorbidities and can lead to a greater risk of depression, anxiety,
and suicidal ideation [7]. Additionally, burnout can negatively affect patient interactions
and patient care by leading to a greater risk of medical errors [8,9]. This is not surprising,
since burnout and chronic stress can directly affect the higher order decision-making and
critical-thinking capabilities of the prefrontal cortex that are essential for making complex
medical decisions [10].

In the United States, prospective allopathic physicians finish four years of undergrad-
uate classes prior to starting four years of medical school training, which are followed by
3–7 years of medical residency (Figure 1A). Medical school education is split into two years
of preclinical studies and two years of clinical training through rotations on clinical wards.
There is evidence that signs of burnout can occur early during medical training in ~36%
of medical residents [11] and in ~37% of medical students [12]. Thus, there is a significant
need to further assess and characterize the prevalence of burnout in medical trainees and
its contributions to burnout in late-career physicians.

Currently, the gold standard in burnout research is the Maslach Burnout Index (MBI),
but there are many different definitions and cutoffs for determining burnout [4]. In this
study, we wanted to use surveys for the early detection of changes in burnout symptoms
using the MBI, perceived stress scale (PSS) for stress symptoms [13], and screening for
potential overlap with depression symptoms via the nine-item patient health questionnaire
(PHQ-9) [14,15]. However, surveys have inherent drawbacks for sensitive, subjective
issues. Recently there has been interest in identifying objective measures associated with
burnout such as biological, physiological, and molecular markers. These assessments would
potentially allow for enhanced screening and early detection of burnout in medical students
with the possibility for targeted interventions at both the individual and institutional levels.

One class of potential biomarkers for chronic stress is inflammatory cytokine levels,
which has comparable effects on both psychosocial and physical stress via the inflammatory
response [16]. Cytokines are defined as glycoproteins produced by activated immune
cells that lead to the activation of other cells [17]. Under chronic psychosocial stress, the
hypothalamic–pituitary–adrenal axis (HPA-axis) is continuously activated, which leads
to persistent inflammation and the activation of various inflammatory cytokines. This
constant inflammation may lead to a decreased stress response; however, this process is
not yet well understood [17]. There is evidence that levels of several pro-inflammatory
and anti-inflammatory cytokines are modified in conditions of psychosocial stress and
burnout. The proinflammatory cytokine TNF-α has been found to increase with burnout
in both teachers [18] and social insurance workers [19]. Likewise, the proinflammatory
cytokine IL-1β has been found to increase with acute psychosocial stress [20]. IL-6, which
has both proinflammatory and anti-inflammatory properties, increased in response to acute
psychosocial stress [20]. The proinflammatory cytokine IL-8 was higher in adults with
higher levels of perceived stress [21]. In contrast, the anti-inflammatory cytokine IL-4 was
reduced in teachers with greater burnout [18]. Thus, we hypothesize that levels of these
cytokines may be altered during preclinical medical education and can be correlated with
any changes in surveys of burnout and depression.
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Figure 1. Timeline and Study Flow Chart. (A) A timeline of the typical training periods for allopathic
physicians in the United States, which traditionally consists of 4 years of undergraduate studies,
4 years of medical school, and 3−7 years of residency training. This study was conducted on
first- or second-year allopathic medical students over the course of an academic year from fall to
spring semester. (B) A CONSORT-style flowchart depicts single-arm, nonrandomized study design
and shows participant screening based on inclusion/exclusion survey, general physical exam, and
pregnancy test. This study was initially planned to enroll at least 20 participants, but participant
enrollment was terminated at nine participants due to the COVID-19 shutdown.

Another potential marker of chronic stress in medical students is telomere length.
Telomeres are short DNA repeats at the terminal ends of chromosomes which protect genetic
information from degradation [22]. Telomerase is an enzyme that elongates telomeres by
nucleotide addition and preserves telomere length [23]. Previous studies have shown that
chronic stress and elevation in average cortisol levels can decrease telomerase activity
in T-lymphocytes, leading to a subsequent decrease in telomere length [23]. This can
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be mediated by both perceived and chronic stress via the combined activities of stress-
associated hormones and oxidative stress [24,25]. Transcriptomic data have also shown that
individuals undergoing significant stressful life events who have a measurable decrease
in telomere length also have altered gene expression of inflammatory and oxidative stress
pathways [26]. Thus, we hypothesize that telomere length may be altered in preclinical
medical students experiencing burnout.

Heart Rate Variability (HRV) is a proxy measure of autonomic nervous system activity
and its effect on the interval between beats of the heart (the R-R interval). Historically, HRV
has been used as an accepted prognostic measure for patients with cardiovascular disor-
ders, potentially due to a diminished parasympathetic response secondary to stress [27].
Previous studies have shown that HRV is decreased in patients with acute and chronic
stress [28]. Specifically, clinical burnout has been associated with decreased HRV measures.
A study examining burnout in emergency medicine physicians demonstrated a consistent
association between HRV measurements and burnout, especially with regards to emotional
stressors [29]. Other studies have specifically investigated the relationship between HRV
and major depressive disorder (MDD) and were able to create a logistical-regression model
predictive of a diagnosis of MDD with 80% sensitivity and 79% specificity using HRV
measures [30,31].

In this study, we investigate the potential utility of these above molecular markers in
the detection of burnout by correlating measured values with results from gold standard
surveys (MBI, PHQ-9, and PSS surveys). We seek to determine whether any tested biomark-
ers could predict clinical symptoms assessed by surveys of burnout and depression as a
potential means for burnout screening in medical students.

2. Materials and Methods
2.1. Participant Selection and Exclusion Criteria

This study was approved by the University of Florida Institutional Review Board
(IRB201700317), and informed consent was obtained from all participants prior to their
participation in the study. Twenty first-year or second-year medical students at the Univer-
sity of Florida were screened for inclusion/exclusion, and all of them met the enrollment
criteria. Ten subjects were enrolled into the study and completed the first clinic visit, and
nine completed the second clinic visit at the completion of an academic year of medical
school 6–7 months later (Figure 1). At each clinic visit, general demographic and lifestyle
questionnaires were administered along with three additional health surveys: the Maslach
Burnout Inventory (MBI), the Patient Health Questionnaire-9 (PHQ-9), and the Perceived
Stress scale (PSS). We also collected height and weight measurements, performed a blood
draw, and obtained EKG measurements. Participants were compensated with $40 during
the first visit and $40 upon completion of the second visit. While the remaining 10 eligible
participants (and additional study participants) were initially planned for enrollment, the
COVID-19 shutdown prevented their participation.

The exclusion criteria for this study were determined by consideration of participant
groups that may have another medical condition which could contribute to chronic stress.
We excluded several groups of students, including: 1. students currently under treatment
for an active diagnosis of a psychiatric illness with recent treatment with therapy and
psychiatric medications; 2. students with diagnosed autoimmune conditions or under treat-
ment with oral or inhaled immunosuppressant medications (except for topical steroids or
non-continuous treatment with nonsteroid anti-inflammatory medications such as NSAIDs
or other analgesics); and 3. women who are pregnant or have plans to become pregnant
during the study.

2.2. Questionnaires and Surveys

At the beginning of each visit, each participant completed the MBI, PHQ-9, and PSS
surveys. The Maslach Burnout Inventory is divided into three subcategories: emotional
exhaustion (MBI-EE), cynicism (MBI-C), and professional efficacy (MBI-PE). The MBI-PE is
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unique in that higher scores are reflective of a decreased risk of burnout, opposite to the MBI-
EE and MBI-C. For this reason, the composite MBI score was the sum of the MBI-EE and
MBI-C scores. Additionally, each participant completed a lifestyle questionnaire pertaining
to the frequency and duration of leisure and exercise activities. At the first visit only, each
participant also completed a demographics survey including questions on sex, gender
identity, sexual orientation, age group, race, and ethnicity. All participant information and
survey data were stored on the Research Electronic Data Capture (REDCap) secure web
server and blinded to the study coordinators [32].

2.3. Inflammatory Cytokine Panel

At the end of each visit, 3 mL of blood was drawn into EDTA-coated tubes and
immediately placed on ice. Samples were sent to an outside laboratory (ARUP Laboratories,
Salt Lake City, UT, USA) for the measurement of a standardized inflammatory cytokine
panel, which includes serum concentrations of TNF-α, IL-1β, IL-2, sIL-2R, IL-6, IL-12, IFN-γ,
IL-4, IL-5, IL-10, IL-13, and IL-17.

2.4. Heart Rate Variability

A Heal Force Prince 180D electrocardiogram (ECG) was used to record participants’
heart rhythm for 5 consecutive minutes using a six-lead setup. Participants were instructed
to relax once recordings started. At 100 s after the start of recording, participants were
instructed to speak random integers from 0–9 to the beat of a 1 Hz metronome to simulate
a mental task [30,31]. After 100 s of the simulated mental task, the patients were again
instructed to relax. R-to-R intervals were derived from these 5 min recordings. At each
participant visit, standard deviation of R-R intervals (SDNN), root mean-square differences
between consecutive R-R intervals (RMSSD), and the percentage of adjacent NN intervals
differing by more than 50 ms (pNN50) were calculated from ECG measurements [33].

2.5. DNA Isolation

At each timepoint, participant blood was collected and stored at −80 ◦C. DNA was
isolated from blood leukocytes by centrifugation and then extracted using a standard
QIAamp DNA Blood Mini Kit according to the manufacturer’s instructions. 200 µL of
blood from each participant was added to 20 µL of protease and mixed with Qiagen lysis
buffer. The solution was incubated for 10 min at 56 ◦C and mixed with 200 µL of Ethanol.
The final mixture was added to a QIAamp spin column and centrifuged at full speed for
1 min. The column was washed with Qiagen wash buffer twice and centrifuged at full speed
for 1 min after each step. The final DNA was isolated and eluted from the column with
200 µL of Qiagen elution buffer and high-speed centrifugation.

2.6. Leukocyte Telomere Length Assay

After DNA extraction and isolation, leukocyte telomere length was calculated based on
T/S ratios after quantitative polymerase chain reaction (qPCR) using previously validated
methods from other studies [34–36]. A ratio of telomere to single copy gene (T/S ratio) can
be used to reliably estimate telomere length and was calculated by comparing telomeres
amplified by standard primers to a single copy reference gene. In this study, 36B4 (an acidic
ribosomal phosphoprotein) was selected as the reference gene due to its stable single copy
number and has been validated in prior studies [35,37,38].

Four replicates of each sample were loaded on two separate 96-well qPCR plates with
either telomere primers or 36B4 gene primers. Primers used (written from 5′ to 3′) were:

telomere forward primer: CGGTTTGTTTGGGTTTGGGTTTGGGTTTGGGTTTGGGTT;
telomere reverse primer: GGCTTGCCTTACCCTTACCCTTACCC TTACCCTTACCCT;
36B4 forward primer: CAGCAAGTGGGAAGGTGTAATCC;
36B4 reverse primer: CCCATTCTATCATCAACGGGTACAA [35,38].
For each amplification reaction, 20 ng of the sample template DNA and primers at

final concentrations of 500 nM were added to SYBR green PCR master mix (ThermoFisher
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Scientific, Waltham, MA, USA), which contains SYBR Green dye, DNA polymerase, heat-
labile Uracil-DNA glycosylase, dNTP blend, and other dyes/buffer components. The qPCR
was run on SimpliAmp™ Thermal Cycler (ThermoFisher Scientific, Waltham, MA, USA)
with PCR cycle settings of: 36B4 primers at 2 min of 95 ◦C, 15 s of 95 ◦C, and 1 min of
58 ◦C; telomere primers at 2 min of 95 ◦C, 15 s of 95 ◦C, and 1 min of 56 ◦C.

The average telomere length is estimated with the formula:

base_pairs = 3274 + 2413 × (T/S).

This calculation is based on T/S ratio correlations with reference to DNA lengths on
Southern blots and provides a fairly accurate estimate of absolute telomere length [39–41].

2.7. Data Management and Statistical Analysis

All data were collected and stored on secure, encrypted servers. Participants selected
a random identification number unknown to the study staff by drawing a paper strip
from a bag. A participant identifier was then associated with each participant’s data and
used to correlate data collected during the first and second visits, ensuring participant
anonymity. All data are reported as mean ± standard error of the mean (SEM) unless
otherwise noted. Statistical analysis was performed using the Graphpad Prism software
(Version 9). Differences in mean scores between two groups were analyzed using Student’s
paired t-test or Wilcoxon’s signed-rank test. Heart rate responsivity to mental tasks was
analyzed by one-way repeated measures ANOVA.

3. Results
3.1. Participant Demographics

All participants in this study were preclinical (1st or 2nd year) medical students who
primarily receive instruction through lectures and laboratory classes. Participants were
followed over the course of an academic year (6−7 months). 20 participants filled out the
survey, and all passed our exclusion/inclusion surveys (Figure 1B).

After enrollment, our study was paused early due to the COVID-19 shutdown and
resulted in nine participants overall (Figure 1B). Seven participants (77.8%) were in the
18–24 age group, and two (22.2%) were older than 24. Four (44.4%) participants were
female, and five (55.6%) were male. Seven (77.8%) were White, two (22.2%) were Asian,
and one (11.1%) was Hispanic or Latino. Participant demographics are summarized
in Table 1.

3.2. Survey Results for Burnout, Stress, and Depression

The Maslach Burnout Inventory General Survey for Students (MBI-SS) was used to
detect burnout specifically in student groups (Figure 2). The MBI-SS is split into three
different subscores for exhaustion, cynicism, and professional efficacy. An MBI com-
posite score consisting of exhaustion and cynicism was calculated to estimate overall
changes in burnout symptoms. The composite MBI score (the sum of exhaustion and
cynicism subscores) showed a statistically significant increase from 18.89± 2.25 on visit 1 to
22.0 ± 2.6 on visit 2 (p = 0.0469, Wilcoxon signed-rank test). In addition, trends correspond-
ing to an increase in burnout were observed in some of the individual MBI subscores, but
these were not statistically significant individually: The MBI exhaustion subscore rose from
12.8 ± 1.6 (mean ± SEM) on visit 1 to 14.9 ± 2.0 on visit 2 (p = 0.1406, Wilcoxon signed-rank
test); the MBI cynicism subscore increased from 6.1 ± 1.3 to 7.1 ± 1.2 (p = 0.3828, Wilcoxon
signed-rank test); and the average MBI professional efficacy subscore was 26.22 ± 1.2 on
visit 1 and was not significantly different from 27.0 ± 1.6 on visit 2 (p = 0.7031, Wilcoxon
signed-rank test). In contrast, PSS scores for perceived stress were not significantly different
between visit 1 at 18.6 ± 0.6 and visit 2 at 20.3 ± 1.1 (p = 0.2305, Wilcoxon signed-rank test;
Figure 3A). Interestingly, PHQ-9 for depression symptoms significantly increased from
3.4 ± 1.0 on visit 1 to 5.9 ± 1.2 on visit 2 (p = 0.0273, Wilcoxon signed-rank test; Figure 3B).
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Table 1. Summary of Demographic Data. This table shows a summary of the general characteristics
of enrolled participants and is organized by sex, age, race, and ethnicity.

Characteristic Number of Participants %

Sex
Male 4 44.4

Female 5 55.6

Age group (years)

<18 0 0.0

18–24 7 77.8

>24 2 22.2

Race

White 7 77.8

Asian 2 22.2

Black 0 0.0

Native American or
Alaskan Native 0 0.0

Native Hawaiian or Other
Pacific Islander 0 0.0

Ethnicities
Non-Hispanic or Latino 8 88.9

Hispanic or Latino 1 11.1

Figure 2. Maslach Burnout Inventory (MBI) Scores for burnout. (A) MBI composite scores (sum of
cynicism and exhaustion subscores) showed significant elevation after an academic year. Respective
MBI subscores for (B) cynicism, (C) exhaustion, and (D) professionalism were not significantly
changed when considered individually. Error bars in graphs show standard errors of the mean.
* = p < 0.05, ns = not statistically significant.
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Figure 3. Perceived Stress Scale (PSS) for stress and Patient Health Questionnaire—9 item survey
(PHQ-9) for depression. (A) PSS survey scores were not significantly different between visits 1 and 2.
(B) PHQ-9 survey as an estimation of depression symptoms showed a significant average increase on
the second visit over the first. Cutoffs for stress level and depression symptom categories are shaded
and shown for reference. Error bars in graphs show standard errors of the mean. * = p < 0.05, ns = not
statistically significant.

3.3. Lifestyle Questionnaire

No changes were observed in reported time devoted to leisure activities; however,
time devoted to exercise decreased by 0.6 days on average (4.9 ± 0.4 days/week on visit
1 vs. 4.3 ± 0.6 days/week on visit 2 (p = 0.0133, paired t test; Figure 4A). Average BMI
also increased from 25.4 ± 1.1 on visit 1 to 26.0 ± 1.1 on visit 2 (p = 0.0236, paired t test;
Figure 4B).

Figure 4. Changes in exercise habits and BMI. (A) Medical students exercised fewer days per week
over the course of a preclinical academic year. (B) Average BMI showed a statistically significant
elevation between visits 1 and 2. Error bars in graphs show standard errors of the mean. * = p < 0.05,
ns = not statistically significant.
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3.4. Inflammatory Cytokines

A clinical cytokine panel was used to measure levels of selected inflammatory cy-
tokines during study visits. Serum levels of IFN-γ, IL-4, IL-5, IL-6, IL-8, IL-10, and IL-13
were below detection thresholds at both timepoints. Serum levels of TNF-α, IL-1β, IL-2,
sIL-2R, IL-12, IL-17 did not significantly change from visit 1 to visit 2 (Table 2).

Table 2. Inflammatory Cytokine Panel Results. This table summarizes the list of cytokines measured
in the cytokine panel during both visits and the relative reference ranges. No statistically significant
differences were detected between visit 1 and visit 2.

Cytokine Fall Semester
(Mean ± SEM)

Spring Semester
(Mean ± SEM) Reference Range

TNF-α (pg/mL) 7.2 ± 7.2 7.1 ± 7.1 <7.2

IFN-γ (pg/mL) Below detection threshold Below detection threshold <4.2

IL-1β (pg/mL) 7.8 ± 7.8 8.7 ± 7.5 <6.7

IL-2 (pg/mL) 3.4 ± 3.4 3.0 ± 3.0 <2.1

sIL-2R (pg/mL) 420.6 ± 72.4 458.7 ± 68.0 175.4–858.2

IL-4 (pg/mL) Below detection threshold Below detection threshold <2.2

IL-5 (pg/mL) Below detection threshold Below detection threshold <2.1

IL-6 (pg/mL) Below detection threshold Below detection threshold <2.0

IL-8 (pg/mL) Below detection threshold Below detection threshold <3.0

IL-10 (pg/mL) Below detection threshold Below detection threshold <2.8

IL-12 (pg/mL) 3.0 ± 3.0 3.0 ± 3.0 <1.9

IL-13 (pg/mL) Below detection threshold Below detection threshold <2.3

IL-17 (pg/mL) 6.4 ± 3.9 3.9 ± 2.6 <1.4

3.5. Heart Rate Variability

Our participant sample did not demonstrate a statistically significant difference in
time-domain HRV metrics SDNN, RMSSD, or pNN50 between the first and second visits
(Figure 5A–C). Participants demonstrated a favorable response to the mental task chal-
lenge, with a statistically significant increase in heart rate on the initial visit (Figure 5D).
Interestingly, this effect was observable but not statistically significant on the second visit
(Figure 5E).

3.6. Leukocyte Telomere Length

As telomere lengths can vary depending on age, race, genetics, and many other
factors [42,43], initial telomere lengths from each participant were used as that participant’s
baseline value to calculate difference over an academic year. Average telomere lengths
for visit one was an average of 5511 base pairs ± 183.4 (SEM) and 5393 base pairs ± 172.5
(SEM) for visit two. This led to an average decrease of 118.4 base pairs (p = 0.5617) over the
course of an academic school year.
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Figure 5. Heart Rate Variability. Time-domain heart rate variability metrics were calculated between
visits 1 and 2 using either (A) standard deviation of R-R intervals (SDNN), (B) root mean-square
differences between consecutive R-R intervals (RMSSD), or (C) percentage of adjacent NN intervals
differing by more than 50 ms (pNN50). (D) Heart rate during a mental task (MT) was signifi-
cantly increased during visit 1 compared to pre- and post-MT, as measured by one-way repeated
measures ANOVA, but (E) this was not statistically significant during visit 2. * = p < 0.05, ns = not
statistically significant.

4. Discussion

The early detection and treatment of burnout syndrome in healthcare workers is
vital to improving their well-being. The current standard in burnout syndrome screening
and management is the administration of surveys/questionnaires designed to assess the
subjective experiences associated with burnout; however, there are no reliable biomarkers
capable of accurately predicting or tracking burnout syndrome. In this study, we present
early pilot data on a small cohort of medical students within the course of an academic
year, comparing results on validated surveys of burnout with a panel of measurements on
several candidate biomarkers of burnout.

To detect burnout, stress, and depression, we used three different validated surveys:
MBI, PSS, and PHQ-9. The Maslach Burnout Inventory is the gold standard for the mea-
surement of burnout [1,2]. We specifically selected the MBI general survey for students
(MBI-SS), which has been previously used in student populations and detects three different
scales for exhaustion, cynicism, and professional efficacy. We used the MBI-SS survey at two
different timepoints before and after an academic school year (6–7 months) in preclinical
medical students. Even in such a short time frame, there was a significant difference in MBI
composite score for exhaustion and cynicism. By comparison, the PSS survey did not show
significant differences for the same population.
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Another modifier of chronic stress is symptoms of depression and other related risk
factors that could also impact the progression of burnout. In this study, we used the
patient health questionnaire (PHQ-9) as a quick and highly sensitive tool to detect early
symptoms of depression [14,15]. We found that even in the short period of a single academic
year, medical students on average showed significant increases in clinical symptoms of
depression based on PHQ-9 survey results. It is alarming to see that burnout and depression
symptoms can be detected even in preclinical years. These data suggest that physician
burnout likely has its roots early in medical school training, which may be exacerbated
during later stages of medical and residency training.

Multiple factors contribute to well-being and the development of burnout, including
physical and leisure activities that help to alleviate stress. We assessed exercise activities
via lifestyle questionnaire and measured changes in body habitus via BMI changes over
the study period. At the end of one academic year, medical students on average reported
spending less time on exercise per week. This change in behavior corresponded to an
increase in measured BMI over this period. Future studies could further explore the
contribution of wellness activities such as exercise in a larger cohort of medical students
and characterize the effects of motivational intervention.

Another goal of this study is to associate burnout and depression survey results with
changes in biomarkers such as inflammatory cytokines and leukocyte telomere length. Over
the course of an academic year, medical students did not display significant differences in
levels of cytokines including TNF-α , IL-1β, IL-2, sIL-2R, IL-6, IL-12, IFN-γ, IL-4, IL-5, IL-10,
IL-13, and IL-17. This result may indicate that a longer duration of study with a larger
study population is necessary to observe differences in cytokine levels in medical students
undergoing burnout, or that other potential biomarkers would be better candidates for
future study. Similarly, time-domain heart rate variability metrics did not significantly
change between our participants, and a longer duration of study or larger sample size
may be required to observe the effects of chronic stress on HRV. It appears that evidence
of burnout and depression symptoms as evidenced by results on MBI and PHQ-9 survey
results can occur prior to significant changes in cytokine panel or time-domain HRV
measures. However, future studies are needed to clarify the potential clinical utility of
these assays in burnout detection.

While leukocyte telomere length has been examined mostly in acute stress, several
recent studies also looked at how chronic stress affects leukocyte telomere length. Recent
stressful life events were associated with shorter telomere lengths in time periods as short
as a year [44,45], which can also be found after longer time points of 4 and 6 years [46].
In medical residents, a recent study found significant telomere attrition after one year of
medical residency training based on DNA collected from buccal swabs [40]. In our study
on medical students, there was a notable downward trend in telomere length that was
not statistically significant. However, this result may serve as a starting point for future
studies that analyze the efficacy of blood-based telomere length assays as biomarkers of
stress in medical students and medical professionals during different stages of training.
Additionally, we observed less variance in telomere length of leukocytes isolated from
whole blood compared to other methods such as buccal swabs.

The initial study design included the enrollment of cohorts of medical students span-
ning several classes of medical school students over 2–3 years. However, study recruitment
was stopped early in 2020 due to the onset of the COVID-19 pandemic, significantly limiting
participant enrollment and data collection. Multiple curriculum changes have persisted
since this time, including the increased utilization of virtual lectures and labs as a secondary
result of limitations of social distancing and scheduling difficulties [47,48]. The impact
of the COVID-19 pandemic itself also posed a significant chronic source of stress [6] that
would further confound the findings of this study, though these data were collected prior to
the onset of the COVID-19 lockdown. Thus, we present data on chronic stress as a snapshot
of a medical education curriculum prior to the COVID-19 pandemic and during a time
when the USMLE Step 1 licensing examination was numerically scored.
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While this study was performed largely within a single medical school curriculum
at the University of Florida College of Medicine, a comparison of variations in medical
curricula with different teaching models at diverse medical schools could better identify
teaching models that are less likely to promote burnout.

5. Conclusions

In this pilot study, we found that MBI and PHQ-9 could detect early changes in
symptoms of burnout and depression even for a small sample size. In this same time frame,
inflammatory cytokines, leukocyte telomere length, and heart rate variability were not
significantly different over the course of an academic year. However, follow-up studies
could be performed to provide results with a higher statistical significance using longer
study durations or larger sample sizes. The results of this initial pilot study will lay the
foundation for future studies on burnout and chronic stress in medical students, residents,
and medical professionals.
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