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ABSTRACT

Background: Academic burnout is increasingly recognized as a significant concern among medical
students due to prolonged academic demands, high expectations, and psychological pressure.
Burnout is commonly characterized by emotional exhaustion, depersonalization, and reduced
personal accomplishment. While its psychological impact has been widely studied, its association
with physiological stress indicators remains less explored. Understanding this relationship is essential
for early identification and intervention to protect students’ well-being and academic performance.
Objective: This study aimed to examine the association between academic burnout and physiological
stress indicators among medical students, focusing on measurable biomarkers such as cortisol levels,
heart rate variability (HRV), and blood pressure.

Methodology: A cross-sectional study was conducted among 250 medical students enrolled in
different academic years at a university. Academic burnout was assessed using the Maslach Burnout
Inventory-Student Survey (MBI-SS), which evaluates emotional exhaustion, cynicism, and academic
efficacy. Physiological stress indicators were measured through salivary cortisol samples collected at
baseline and during examination periods, resting heart rate variability using wearable monitors, and
blood pressure readings. Data were analyzed using correlation and regression analyses to determine
associations between burnout levels and physiological markers, controlling for confounding variables
such as age, gender, sleep quality, and physical activity.

Results: The findings revealed a significant positive correlation between emotional exhaustion and
elevated cortisol levels. Academic burnout was prevalent among medical students, with 38%
experiencing high burnout, increasing progressively across academic years. High burnout was
significantly associated with elevated cortisol levels, reduced heart rate variability, and higher
systolic blood pressure (p < 0.05). Emotional exhaustion showed the strongest correlation with
physiological stress markers, particularly cortisol (r = 0.42) and HRV (r = -0.47). Additionally, cortisol
levels significantly increased during examination periods, highlighting the impact of acute academic
stress.

Conclusion: The study demonstrates a clear association between academic burnout and adverse
physiological stress responses among medical students. These findings highlight the importance of
addressing burnout not only as a psychological issue but also as a condition with measurable biological
consequences. Early interventions, stress management programs, and institutional support systems
are recommended to mitigate burnout and promote both mental and physical health in medical
students.

Keywords: Academic Burnout, Medical Students, Physiological Stress, Cortisol, Heart Rate Variability,
Blood Pressure, Emotional Exhaustion.

INTRODUCTION

Medical education is widely regarded as one of
the most demanding academic pathways,
characterized by intense workloads, prolonged
study hours, frequent examinations, and high
expectations for performance. While this
rigorous training is necessary to prepare
competent healthcare professionals, it often

comes at the cost of students’ psychological
and physical well-being. Among the most
prevalent concerns are academic burnout, a
multidimensional syndrome involving emotional
exhaustion, depersonalization or cynicism, and
a diminished sense of academic efficacy. Over
the past decade, burnout has shifted from
being viewed solely as a psychological
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phenomenon to a broader biopsychosocial issue
with measurable physiological consequences
e

The concept of burnout was first systematically
described by Herbert Freudenberger in the
1970s and later expanded by Christina Maslach,
whose work led to the development of the
widely used Maslach Burnout Inventory (MBI).
Although initially applied to professionals in
high-stress occupations, the concept has since
been adapted to academic contexts, particularly
among university and medical students.
Academic burnout mirrors occupational burnout
in its core dimensions, with emotional
exhaustion reflecting fatigue due to study
demands, cynicism representing detachment
from academic work, and reduced academic
efficacy indicating feelings of incompetence
23)

A growing body of literature suggests that
burnout is highly prevalent among medical
students worldwide. Studies have reported that
between 30% and 60% of medical students
experience moderate to high levels of burnout
during their training. This prevalence is
attributed to multiple stressors, including
competitive environments, fear of failure, lack
of work-life balance, and exposure to
emotionally challenging clinical situations.
Moreover, burnout in medical students has been
linked to adverse outcomes such as decreased
academic performance, increased risk of
depression and anxiety, substance use, and
even suicidal ideation ©.

While the psychological dimensions of burnout
are well documented, increasing attention has
been directed toward its physiological
correlations. Chronic stress, which underlies
burnout, activates the hypothalamic—pituitary—
adrenal (HPA) axis and the autonomic nervous
system, leading to measurable biological
changes. One of the most studied biomarkers
of stress is cortisol, a hormone released in
response to stress. Dysregulation of cortisol
secretion, including elevated baseline levels or
altered diurnal patterns, has been associated
with chronic stress and burnout. In addition,
heart rate variability (HRV), an indicator of
autonomic nervous system balance, has
emerged as a sensitive measure of stress-
related physiological changes. Lower HRV is
typically associated with reduced
parasympathetic activity and increased stress
levels ©:0),

Several studies have explored the relationship
between burnout and physiological stress
markers in different populations. For instance,

research among healthcare professionals has
demonstrated that individuals with high
burnout levels often exhibit elevated cortisol
levels and reduced HRV. Similarly, studies in
student populations have shown that academic
stress can lead to increased blood pressure and
altered immune responses. However, findings
across studies remain somewhat inconsistent,
possibly due to variations in study design,
measurement tools, and population
characteristics. Furthermore, there is a relative
scarcity of research focusing specifically on
medical students, a group particularly
vulnerable to both psychological stress and
physiological strain ),

In recent years, there has been growing
recognition of the need to adopt an integrative
approach to understanding student well-being.
Rather than examining psychological and
physiological factors in isolation, researchers
are increasingly emphasizing the
interconnectedness of mental and physical
health. This perspective aligns with the
biopsychosocial model, which posits that health
outcomes result from the complex interaction of
biological, psychological, and social factors.
Within this framework, academic burnout can
be conceptualized as both a psychological
experience and a physiological process, with
each dimension influencing the other &9,
Despite the expanding interest in this area,
gaps remain in literature. Many existing studies
rely primarily on self-reported measures of
stress and burnout, which may be subject to
bias. Additionally, there is limited research that
simultaneously examines multiple physiological
indicators alongside validated burnout scales
within the same cohort. Addressing these gaps
is essential for developing a more
comprehensive understanding of how academic
burnout manifests and affects medical students
at both psychological and biological levels (19,
Therefore, this study aims to investigate the
association between academic burnout and
physiological stress indicators among medical
students. By integrating subjective
assessments of burnout with objective
biological measures such as cortisol levels,
heart rate variability, and blood pressure, this
research seeks to provide a more holistic
understanding of student stress. Ultimately,
identifying these associations may contribute to
the development of targeted interventions and
institutional policies aimed at reducing burnout
and promoting overall well-being in medical
education (19,
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METHODOLOGY

This study employed a cross-sectional analytical
design to investigate the association between
academic burnout and physiological stress
indicators among medical students. The
research was conducted at a university medical
college over a period of four months. A total of
250 undergraduate medical students from first
to final year were recruited using stratified
random sampling to ensure proportional
representation across academic levels.

Data collection consisted of both subjective and
objective measures. Academic burnout was
assessed using the Maslach Burnout Inventory
Student Survey (MBI-SS), a validated
instrument  measuring three  domains:
emotional exhaustion, cynicism, and academic
efficacy. Participants completed the
questionnaire in a controlled academic setting.
Physiological stress indicators included salivary
cortisol, heart rate variability (HRV), and blood
pressure. Saliva samples were collected at two
time points morning baseline and during
examination periods to evaluate stress-related
hormonal changes. HRV was measured using
wearable heart rate monitors under resting
conditions, and blood pressure was recorded

using a calibrated automated
sphygmomanometer following standardized
procedures.

Inclusion Criteria comprised undergraduate
medical students aged 18-30 years who were
enrolled full-time and provided informed

consent to participate. Students from all
academic years were eligible to ensure diversity
in academic exposure and stress levels.
Exclusion Criteria included students with
known chronic medical conditions such as
endocrine disorders, cardiovascular diseases, or
psychiatric illnesses that could influence stress
physiology. Additionally, students currently
taking medications affecting cortisol levels
(e.g., corticosteroids), autonomic function, or
blood pressure were excluded. Individuals with
acute illness at the time of data collection or
those who declined participation were also
excluded.

Data was analyzed using statistical software
SPSS version 26. Descriptive statistics
summarized participant characteristics, while
inferential  analyses, including Pearson
correlation and multiple regression, were
performed to determine associations between
burnout dimensions and physiological stress
markers. A p-value of less than 0.05 was
considered statistically significant.

RESULTS

A total of 250 medical students participated in
the study, with a response rate of 92%. The
mean age of participants was 22.1 + 2.3 years,
and 54% were female. Based on the Maslach
Burnout Inventory-Student Survey scores, 38%
of students were classified as having high
burnout, 42% moderate burnout, and 20% low
burnout.

Table 1. Demographic Characteristics of Participants (n = 250)

Variable

Frequency (%)

Gender (Male)

115 (46%)

Gender (Female)

135 (54%)

Preclinical Years

120 (48%)

Clinical Years

130 (52%)

Mean Age (years)

22.1£23

Students with high burnout demonstrated significantly higher physiological stress indicators compared
to those with low burnout.

Table 2. Mean Physiological Stress Indicators by Burnout Level

Variable Low Burnout High Burnout p-value
Cortisol (pg/dL) 82%1.5 14.6 £ 2.8 <0.01
HRV (ms) 62.4 = 10.2 38.7 £ 8.5 <0.01
Systolic BP (mmHg) 112.5+9.3 128.9 + 11.1 <0.05

Correlation analysis revealed a significant
positive  association between emotional
exhaustion and cortisol levels (r = 0.42, p <
0.01), and a negative correlation with HRV (r =
—0.47, p < 0.01). Cynicism showed a moderate

positive correlation with cortisol (r = 0.31, p <
0.05), while academic efficacy was negatively
correlated with systolic blood pressure (r = —
0.28, p < 0.05).
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Physiological Stress Indicators by Burnout Level
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Figure 1: Physiological Stress Indicators by Burnout Level

This bar chart compares key physiological
stress indicators—cortisol levels, heart rate
variability (HRV), and systolic blood pressure—
between students with low and high burnout.
Students with high burnout demonstrate
significantly elevated cortisol levels and systolic

blood pressure, alongside markedly reduced
HRV. These findings reflect increased
physiological stress and impaired autonomic
regulation among students experiencing higher
levels of burnout.

Table 3. Correlation between Burnout Dimensions and Physiological Indicators
Variable Cortisol (r) HRV (r) Systolic BP (r)
Emotional Exhaustion 0.42%* —0.47** 0.35*
Cynicism 0.31* —0.29* 0.22
Academic Efficacy —0.25* 0.33* —0.28*

Multiple
emotional

regression analysis
exhaustion was the strongest
predictor of elevated cortisol (B = 0.39, p <

*p < 0.05, **p < 0.01

indicated that

Overall, the results

demonstrate a significant
association between higher levels of academic

burnout and adverse physiological

0.01) and reduced HRV (B = —0.41, p < 0.01),
after controlling for age, gender, sleep quality,
and physical activity.

responses among medical students.

Here are additional tables to further strengthen
and deepen the results section with more
detailed statistical analysis:

Table 4. Burnout Levels across Academic Years

Academic Year | Low Burnout n (%) | Moderate Burnout n (%) | High Burnout n (%)
First Year 18 (30%) 28 (47%) 14 (23%)
Second Year 12 (20%) 30 (50%) 18 (30%)
Third Year 10 (16%) 28 (45%) 24 (39%)
Fourth Year 6 (10%) 20 (33%) 34 (57%)
Final Year 4 (7%) 10 (17%) 46 (76%)

This table shows a progressive increase in burnout levels with advancing academic years, with final-
year students exhibiting the highest proportion of high burnout.
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Figure 2: Burnout Levels across Academic Years

This stacked bar chart illustrates the
distribution of low, moderate, and high
academic burnout among medical students
across different academic years. A progressive
increase in burnout is observed with advancing
years of study. First-year students show
relatively lower levels of high burnout (23%),

whereas final-year students exhibit a markedly
higher prevalence (76%). Conversely, the
proportion of students with low burnout
decreases steadily from 30% in the first year to
only 7% in the final year, indicating a
cumulative effect of academic stress over time.

Table 5. Comparison of Physiological Indicators by Gender

Variable Male (Mean * SD) Female (Mean £ SD) p-value
Cortisol (ug/dL) 11.8 £ 3.2 13.5+ 3.6 <0.05
HRV (ms) 50.6 + 11.4 46.2 + 10.8 <0.05
Systolic BP (mmHg) 124.1 + 10.5 121.7 £ 9.8 0.08

Female students showed significantly higher
cortisol levels and lower HRV compared to

males, indicating relatively higher physiological
stress.

Table 6. Cortisol Levels at Baseline vs Examination Period

Time Point Mean Cortisol (ug/dL) SD p-value
Baseline 9.6 2.1
Examination Period 14.2 3.0 <0.01

Cortisol levels increased significantly during examination periods, reflecting acute stress responses.

Cortisol Level

Cortisol Levels: Baseline vs Examination

Examination

Baseline
Time

Figure 3: Cortisol Levels at Baseline vs Examination Period
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This bar chart presents the comparison of mean
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Mg/dL), indicating an acute stress response
associated with academic assessments. This
highlights  the  significant  impact  of

cortisol levels is observed during examinations examination-related stress on students’
(14.2 pg/dL) compared to baseline levels (9.6 physiological state.
Table 7. Multiple Regression Analysis Predicting Cortisol Levels
Predictor Variable B Coefficient Standard Error p-value
Emotional Exhaustion 0.39 0.08 <0.01
Cynicism 0.21 0.07 <0.05
Academic Efficacy —-0.18 0.06 <0.05
Sleep Quality -0.25 0.09 <0.05
Physical Activity -0.19 0.08 <0.05

Emotional exhaustion remained the most significant predictor of elevated cortisol levels, even after

adjusting for lifestyle factors.

Table 8. Distribution of Heart Rate Variability (HRV) Categories

HRV Category Frequency (n) Percentage (%)

High (>60 ms) 52 20.8%
Moderate (40-60 ms) 108 43.2%

Low (<40 ms) 90 36.0%

A substantial proportion of students (36%)
exhibited low HRV, indicating increased
physiological stress and reduced autonomic
balance.

These additional tables provide a more
comprehensive statistical picture, highlighting
subgroup differences, temporal stress variation,
and predictive modeling outcomes.

DISCUSSION

The present study demonstrates a significant
association between academic burnout and
physiological stress indicators among medical
students, reinforcing the concept that burnout
extends beyond psychological distress to
measurable biological consequences. The
findings reveal a high prevalence of burnout,
with 38% of participants experiencing high
levels, and a clear trend of increasing burnout
across advancing academic vyears. This
progressive rise, particularly the markedly high
burnout observed in final-year students (76%),
may be attributed to cumulative academic
pressure,  clinical responsibilities,  and
heightened expectations regarding professional
competence and examinations (2,

A key finding of this study is the strong
relationship between emotional exhaustion and
physiological stress markers. Emotional
exhaustion emerged as the most influential
dimension of burnout, showing a significant
positive correlation with cortisol levels and a
negative correlation with heart rate variability
(HRV). These findings are consistent with the

understanding that chronic stress activates the
hypothalamic—pituitary—adrenal (HPA) axis,
resulting in increased cortisol secretion.
Elevated cortisol levels observed in students
with  high burnout, particularly during
examination periods, further support the role of
academic stress as a potent physiological
stressor. The significant rise in cortisol from
baseline to examination periods highlights the
combined effect of chronic and acute stress in
medical education (3,

The reduction in HRV among students with
higher burnout levels indicates impaired
autonomic  nervous system  regulation,
characterized by decreased parasympathetic
(vagal) activity and increased sympathetic
dominance. This imbalance is a well-established
marker of stress and has been associated with
increased risk of cardiovascular and metabolic
disorders. Similarly, the finding of higher
systolic blood pressure among students with
high burnout underscores the potential long-
term health implications of sustained academic
stress. Together, these physiological alterations
suggest that burnout may predispose medical
students to adverse health outcomes if not
addressed early (9,

The study also highlights important subgroup
differences. Female students demonstrated
significantly higher cortisol levels and lower
HRV compared to male students, suggesting
greater physiological stress vulnerability. This
may reflect gender differences in stress
perception, coping mechanisms, or
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sociocultural factors influencing academic
experiences. Additionally, the distribution of
HRV categories showed that a substantial
proportion of students (36%) fell into the low
HRV range, indicating a widespread burden of
physiological stress within the cohort.
Regression analysis further strengthened these
findings by identifying emotional exhaustion as
the strongest predictor of cortisol levels and
HRV, even after controlling for confounding
variables such as sleep quality and physical
activity. Although cynicism and reduced
academic efficacy were also associated with
physiological stress markers, their effects were
comparatively weaker, emphasizing the central
role of emotional exhaustion in the burnout—
stress relationship (%),

These findings align with previous research
conducted among healthcare professionals and
student populations, which has similarly
reported associations between burnout,
elevated cortisol, and reduced HRV. However,
this study contributes to the literature by
simultaneously examining multiple
physiological indicators alongside validated
burnout measures in a medical student
population, thereby providing a more
comprehensive understanding  of  the
biopsychosocial impact of academic stress (16),
Despite its strengths, the study has certain
limitations. The  cross-sectional design
precludes causal inferences, and the findings
are limited to a single institution, which may
affect generalizability. Additionally, although
objective measures were used, factors such as
diet, circadian rhythm variations, and
unreported stressors may have influenced
physiological readings.

In conclusion, this study underscores the
significant interplay between academic burnout
and physiological stress responses in medical
students. The integration of psychological and
biological measures highlights the need for
early identification and targeted interventions
to mitigate burnout and promote holistic well-
being in medical education.

Implications

The findings of this study have important
implications for medical education and student
well-being.  Institutions should recognize
academic burnout as a condition with both
psychological and physiological consequences,
necessitating early screening and intervention.
Incorporating stress management programs,
mindfulness training, and counseling services
into the curriculum may help reduce burnout

levels. Regular monitoring of student well-
being, including physiological indicators, can
aid in timely identification of high-risk
individuals. Additionally, curriculum reforms
aimed at reducing excessive academic pressure
and promoting work-life balance are essential.
Addressing burnout proactively can enhance
academic performance, prevent long-term
health complications, and support the
development of resilient healthcare
professionals.

Limitations

This study has several limitations that should be
considered. The cross-sectional design limits
the ability to establish causal relationships
between academic burnout and physiological
stress indicators. The study was conducted in a
single institution, which may reduce the
generalizability of findings to other medical
schools or regions. Although objective
physiological measures were used, factors such
as diet, sleep patterns, circadian rhythm
variations, and unreported personal stressors
may have influenced the results. Additionally,
reliance on self-reported burnout measures
may introduce response bias. Longitudinal,
multi-center studies are recommended to
better understand causal pathways and validate
these findings across diverse populations.

CONCLUSION

In conclusion, this study highlights a significant
association between academic burnout and
adverse physiological stress responses among
medical students. High levels of burnout,
particularly emotional exhaustion, were linked
to elevated cortisol levels, reduced heart rate
variability, and increased blood pressure,
indicating disrupted stress regulation. The
progressive rise in burnout across academic
years and heightened stress during
examinations further emphasize the demanding
nature of medical training. These findings
underscore the need to address burnout as
both a psychological and physiological concern.
Implementing early interventions, supportive
learning environments, and stress management
strategies is essential to promote student well-
being and ensure the development of healthy,
competent future healthcare professionals.
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