Academic Burnout and Biomarker Alterations in Young Adults: A Comprehensive Review of Physiological Indicators
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ABSTRACT 

	Background: Academic burnout, hitherto considered merely a psychological phenomenon of university students, is now coming to be treated as a systemic crisis of the physiology. Chronic stress triggered by constant academic pressure and high-performance demands is the condition that takes the form of stress response that invades and disturbs the very basic biological systems of the body.

Objectives: The review seeks to bring together and examine the current evidence on the physiological signatures of burnout, focusing on hematological changes, inflammatory markers, oxidative stress, hormonal and autonomic responses.

Findings: The results show that students with burnout undergo specific changes in the body: different white blood cells in the blood, increased levels of pro-inflammatory cytokines, and more oxidative stress. Also, the mismanagement of cortisol secretion and significant alterations in heart rate variability indicate the presence of chronic autonomic strain. Interestingly, a study in Tripura, India, shows how these biological changes are greatly worsened by factors like heavy study loads and poor nutritional status, e.g., anemia. Should these bodily changes be left untreated, they could make young learners susceptible to severe long-term health risks.

Conclusion: The implications of the current study are that academic burnout is a lot more intricate and non-emotional process than previously considered. The identification of these particular biomarkers creates a considerable opportunity for early clinical diagnosis and personalized treatment. This review not only highlights the current evidence gaps but also calls for the adoption of biological monitoring as part of student health assessments so as to safeguard the long-term well-being of young adult learners.
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1. INTRODUCTION 

The phenomenon of academic burnout has been recognized as a major problem in the health sphere of young adults who undergo higher education. Burnout, in contrast to academic stress (Hammen, 2005), which is characterized as a temporary state, is a long-term condition that is marked by the combination of emotional exhaustion, mental fatigue and declining academic participation (Maslach et al., 2001; Maslach & Leiter, 2016) as a result of the getting used to academic pressures (Schaufeli et al., 2002). The students attached to rigorous programs, especially if they belong to the medical field, usually go through constant workloads, getting tested, and studying for long hours as well as having the mental expectation to get good results (Dyrbye et al., 2005). Thus, it has been acknowledged more and more as a condition not only related to the mind but also to the body's functioning with biological effects being measured.

Burnout, as a primary concept, is psychological, but still the research coming from psychobiology and stress physiology gives evidence that chronic academic strain may influence different physiological pathways (Lupien et al., 2009). When stress becomes prolonged, the hypothalamic pituitary adrenal (HPA) axis gets activated, the cortisol levels go up, the way autonomic nervous system functions get changed, and there is even a contribution to systemic inflammation (Cohen et al., 2007; Dhabhar, 2009). Changes in physiology are important because they can cause disruption in homeostasis and lead to the observable changes in the biomarkers that includes blood pressure, heart rate variability, inflammatory markers, oxidative stress indicators and hematological profiles. The increasing number of studies indicates that these changes could be the earliest biological indicators of burnout and the possible predictors of long-term risk for cardiovascular, metabolic, and immunological diseases.

Studies among young adults show that burnout is associated with changes in hemoglobin levels, red blood cell indices, leukocyte distribution and platelet activity, especially when burnout overlaps with nutritional deficiencies, poor sleep patterns and unhealthy dietary practices (Shah et al., 2020). This connection is particularly relevant in the Indian context, where anemia, micronutrient deficiencies and irregular dietary habits remain common among college-age populations. Several of our own studies conducted among allied healthcare students in Tripura have highlighted how lifestyle behaviors modulate hematological and physiological health. These include the influence of diet on blood parameters (Nath & Pallathadka, 2025), the role of physical activity in improving hematological profiles (Nath & Pallathadka, 2025), the impact of caffeine consumption on hematology (Nath & Pallathadka, 2025) and the effects of examination stress on hematological indicators (Nath & Pallathadka, 2025). Together, these findings emphasize that the student population is highly sensitive to lifestyle and stress-related physiological disturbances.

Burnout-related biological alterations extend beyond hematology. Chronic psychological strain may contribute to endothelial dysfunction, autonomic imbalance and oxidative damage, which are increasingly being studied as potential mediators between stress and long-term disease. Heart rate variability, blood pressure reactivity, resting heart rate and cortisol rhythms have emerged as common non-invasive biomarkers of chronic academic strain in young adults (Melillo et al., 2015). These physiological indicators may provide a more objective understanding of burnout and help identify students at risk of developing health complications.

A rising interest in academic burnout has not led to a more comprehensive and unified body of research. Multiple studies focus on the psychological aspect of the issue while ignoring biological markers, while others use certain biological markers only as a tool for understanding a very narrow aspect of the problem. Moreover, the youngest portion of college students, particularly those in the healthcare field, who are very likely to experience higher levels of academic stress have not been studied at all regarding the relation between the stress and the physiological changes associated with it. So, the scientific community has no clue what academic burnout does to the physiology and which biomarkers can act as red flags beforehand.

The present review tries to make a big-picture view of the academic burnout problem in terms of the physiological and biomarker-related changes in young adults' case. It is by reviewing the existing evidence from various viewpoints hematology, cardiovascular physiology, neuroendocrine responses, and lifestyle influences that the present paper reveals the complete picture of how chronic academic pressure affects the health of students. Simultaneously, it points out the shortcomings in the current literature and suggests areas for further research, which may lead to the implementation of measures for the early detection and prevention of academic stress-related health issues in young adult populations.


2. methodology

This narrative review utilized a structured and systematic method to not only find the existing evidence of the physiological and biomarker-based effects of academic burnout in young adults but also to organize and synthesize them. Even though the review was just a story, the authors made sure that the whole process was very academic and used elements of systematic reviews to get the literature selection and analysis done in a comprehensive and transparent way.

2.1 Search strategy
The search strategy was very broad and it included a literature search across electronic databases that were PubMed, Scopus, Web of Science and Google Scholar. The search allowed for articles published from 2000 to 2025 which was the time chosen to encompass not only the basic but also modern research on burnout and the physiological and biomarker changes of stress. The very old studies were included if they were very relevant by being either of a conceptual or mechanistic nature that needed to be accounted for academic stress. Medical Subject Headings combined with free-word terms were utilized. The main words searched were as “academic burnout”, “student burnout”, “chronic stress in students”, “biomarkers”, “physiological indicators”, “cortisol”, “heart rate variability”, “oxidative stress”, “inflammatory markers”, “hematological parameters” and “young adults”

The search results were further refined and expanded by using Boolean operators (AND, OR). Furthermore, the reference lists of the important articles were manually checked to find out the studies that might not have been included in the searched databases.

2.2 Inclusion Criteria
Studies were included if they met the following conditions:
· The study population consisted of young adults aged 17 to 30 years.
· Burnout, chronic academic stress or prolonged academic strain was examined.
· At least one physiological, hematological, biochemical or neuroendocrine biomarker was measured.
· The study design was observational, experimental, cross sectional, longitudinal or review based.
· Articles were published in English, peer reviewed and available in full text.

This review also utilized insights from our previous research on stress, hematology and lifestyle factors among students. For instance, our studies on diet and blood health (Nath & Pallathadka, 2025), exercise and hematology (Nath & Pallathadka, 2025), caffeine use (Nath & Pallathadka, 2025) and examination stress (Nath & Pallathadka, 2025) provided supportive context for interpreting burnout related physiological changes.

2.3 Exclusion Criteria
Studies were excluded if they:
· Focused on nonacademic stress, workplace burnout or clinical burnout unrelated to students.
· Did not measure physiological or biochemical markers.
· Were editorials, commentaries, letters, or conference abstracts without full data.
· Included mixed age groups without clear information on young adults.
· Provided insufficient methodological detail.

2.4 Data Extraction and Synthesis
For each eligible study, the following information was extracted:
· Author and year
· Study population and characteristics
· Definition or measurement of burnout
· Physiological or biomarker outcomes
· Key findings and interpretations
· Identified moderators such as gender, lifestyle or socioeconomic status

A narrative synthesis, rather than a meta-analysis, was selected due to the varying definitions of burnout, the different measurement tools used (Kristensen et al., 2005; Shirom & Melamed, 2006), and the different biomarkers assessed. The studies were divided into thematic categories such as: Neuroendocrine markers (cortisol, ACTH), Cardiovascular responses (heart rate, blood pressure, HRV), Hematological changes (hemoglobin, WBC counts, platelets), Inflammatory and oxidative stress markers (CRP, IL 6, MDA), Lifestyle interactions influencing biomarker responses Across these main ideas, patterns, resemblances, contradictions, and gaps were recognized to create a coherent comprehension of the physiological markers of burnout in academics.

A narrative synthesis, rather than a meta-analysis, was selected due to the varying definitions of burnout, the different measurement tools used, and the different biomarkers assessed. The studies were divided into thematic categories such as: Neuroendocrine markers (cortisol, ACTH), Cardiovascular responses (heart rate, blood pressure, HRV), Hematological changes (hemoglobin, WBC counts, platelets), Inflammatory and oxidative stress markers (CRP, IL 6, MDA), Lifestyle interactions influencing biomarker responses Across these main ideas, patterns, resemblances, contradictions, and gaps were recognized to create a coherent comprehension of the physiological markers of burnout in academics.

2.5 Ethical Considerations
The study was limited to the synthesis of existing literature and did not include human participants; thus, ethical approval was not necessary. However, it was presumed that all the studies integrated into this research had obtained the necessary ethical clearances from their respective organizations.

3. REVIEW OF LITERATURE

Academic burnout is a phenomenon that has been examined predominantly through the lenses of psychology and behavior, but the focus on its physical effects is gradually gaining momentum. The upcoming paragraphs will present a combined review of the literature regarding the effects of long-term academic stress on neuroendocrine activity, cardiovascular regulation, hematological function, inflammation, oxidative stress and lifestyle interactions biomarkers.

3.1. Neuroendocrine Responses to Academic Burnout
Chronic academic stress and burnout are closely linked to dysregulation of the HPA axis. When students face continuous academic demands, cortisol secretion increases as part of the physiological stress response. Prolonged activation of this system can lead to irregular cortisol rhythms, elevated basal cortisol and blunted reactivity to future stressors (Cohen et al., 2007). Persistent cortisol elevation is associated with emotional exhaustion, reduced academic motivation and impaired concentration, all hallmark features of academic burnout.

Studies among university students show that those reporting burnout symptoms demonstrate altered morning cortisol levels and reduced diurnal variation, suggesting chronic HPA axis strain (Dhabhar, 2009). Physiological exhaustion from sustained stress may also disrupt other neuroendocrine hormones such as adrenocorticotropic hormone, norepinephrine and epinephrine, contributing to autonomic imbalance.

Evidence from our previous research on examination stress in allied health students demonstrated noticeable hematological deviations during high stress periods, which can be partially attributed to neuroendocrine influences on immune and blood functions (Nath & Pallathadka, 2025). Although burnout develops over a longer duration than exam stress, similar hormonal pathways are implicated.

3.2. Cardiovascular Indicators of Academic Burnout
The cardiovascular responses rank first among the chronic stress indicators that have been most studied with respect to physiology. Young adults' burnout has been linked to higher resting heart rate, greater blood pressure reactivity, and lower heart rate variability (HRV), which is thought to be the main indicator of the autonomic nervous system's activity. Diminished HRV shows decreased parasympathetic and increased sympathetic activity, which are in turn reflective of stressors' physiological (Melillo et al., 2015) adaptability being limited (Melamed et al., 2006).

As a result of academic overload and particularly during exams, students undergoing severe stress are more likely to show higher levels of blood pressure, both systolic and diastolic. However, it must be noted that the changes in blood pressure might be of a temporary nature. Nevertheless, constant high blood pressure is a concern when it comes to the health of the heart and blood vessels in the long run. Furthermore, these changes in physiology coupled with a sedentary lifestyle, the consumption of caffeine, and not getting enough sleep may lead to an increased risk of developing hypertension and vascular irregularities.

In your previous research about caffeine consumption in allied health students, it was revealed that caffeine intake had a profound effect on the blood parameters and might even be a contributor to the cardiovascular responses like heart rate and blood pressure, especially through the academic stress periods (Nath & Pallathadka, 2025). These connections are also significant in the context of burnout physiology.

3.3. Hematological Alterations Linked to Chronic Academic Strain
Hematological modifications are particularly evident in cases of stress. Burnout, which is a form of chronic stress in the academic field, may have an impact on hemoglobin levels, red blood cell indices, white blood cell distribution and platelet activity. Long-term stress can lead to the suppression of erythropoiesis, functional iron deficiency and alterations in immune function through cortisol-mediated pathways.

Our study involving allied health students in Tripura, which has been published, has revealed that the lifestyle and stress factors are the major contributors to the changes in hemoglobin, RBC indices and overall hematological health (Nath & Pallathadka, 2025). For instance: Dietary insufficiencies had an effect on hemoglobin and MCV, Examination stress was the cause of changes in WBC distribution, Caffeine had an impact on some hematological markers, Physical activity was a factor in improving hematological stability These results are in favor of the proposal that burnout, which is a long-term academic pressure, may even more strongly affect the hematological physiology.

Meanwhile, other researchers have found that the students under chronic stress would have reduced lymphocyte, increased neutrophil and altered platelet activation, consequently, implying immune suppression and pro-inflammatory state (Shah et al., 2020). The immune cells’ shift concurs with the classical stress leukograms which are under the influence of cortisol and catecholamines.

3.4. Inflammatory Markers and Oxidative Stress in Burnout
Burnout has been associated with chronic low-grade inflammation, which is demonstrated by the rise in C reactive protein (CRP), interleukin 6 (IL 6) and tumor necrosis factor alpha levels (Slavich & Irwin, 2014). Continuous psychological pressure might interfere with the body's inflammatory regulation and lead to the swung development of stress-induced physiological imbalance. University students have participated in some studies that reported a positive correlation between burnout scores and inflammatory biomarkers, thus indicating that outgunned academic stress may even cause inflammation throughout the body of young healthy adults.

Oxidative stress is another factor that comes to play because the increased metabolic demand and hormonal activation associated with chronic stress can lead to the production of reactive oxygen species. The stress markers for oxidative stress like malondialdehyde (MDA) have been reported to be elevated along with the decrease in antioxidant levels among students who are under stress for a long time. It is possible that these changes are responsible for poor concentration, fatigue, and high physiological burden.

Since our previous study on tea garden workers showed the impact of environmental and lifestyle stressors on oxidative balance and blood health (Nath et al., 2022), we can hypothesize that the same biological mechanisms are at work in the case of academic burnout in young adults albeit differences in clinical severities.

3.5. Lifestyle Behaviors as Mediators of Burnout Related Biomarker Changes
The lifestyle choices of the individuals play a major role in the connection between burnout and physiological outcomes. Maladjusted behaviors are frequently seen among the students who are going through the state of burnout. Those are: They do not eat properly, they drink a lot of coffee, they do not move much, their sleep is not regular, they do not exercise

Each of these bad habits can have an effect on the hematological and biochemical markers by itself. The research we carried out among allied health students in Tripura pointed out that eating choices, doing sports and caffeine consumption could have a direct influence on blood parameters (Nath & Pallathadka, 2025). The worsening of such lifestyle habits during burnout may increase together their physiological impact.

Among the factors that contribute to chronic stress, sleep deprivation is the most crucial one. A person suffering from burnout will experience a reduction of both sleep quality and duration which will result in the activation of the sympathetic nervous system, the secretion of hormones out of balance and the production of inflammatory markers going up. Lack of physical activity and inactivity impose even less cardiovascular resilience and metabolic balance impairment.

3.6. Gender and Vulnerability Factors in Burnout Physiology
Hormonal fluctuations, menstrual irregularities and higher rates of iron deficiency may cause female students to undergo more pronounced physiological effects of burnout. The study conducted by us on menstrual cycle related anemia among allied health students in Tripura made it clear that female students were already at the mercy of hematological changes (Nath & Pallathadka, 2025). The influence of burnout may further cause such imbalances in women's health by affecting their food habits, stress hormones and the whole body's inflammatory response.

More factors have been listed that include socioeconomic status, academic year, quality of sleep and access to health support systems as determinants of the physiological effect of burnout.

Table 1. Physiological Systems and Biomarker Alterations Associated with Academic Burnout

	Physiological System
	Key Biomarkers
	Typical Change in Burnout
	Physiological Interpretation
	Key Supporting References*

	Neuroendocrine
	Cortisol, ACTH
	Elevated basal levels; Blunted diurnal rhythm
	Chronic HPA axis strain and feedback loop dysregulation
	Cohen et al. (2007); Dhabhar (2014)

	Cardiovascular
	HR, BP, HRV
	Increased resting HR/BP; Reduced HRV
	Autonomic imbalance (Sympathetic dominance/Parasympathetic withdrawal)
	Melillo et al. (2015); Nath & Pallathadka (2025)

	Hematological
	Hb, RBC indices, WBC, Platelets
	Lymphopenia, neutrophilia, variable Hb
	Immune modulation; "Stress leukogram" pattern; Erythropoietic suppression
	Shah et al. (2020); Nath & Pallathadka (2025)

	Inflammatory
	CRP, IL-6, TNF-alpha
	Increased systemic levels
	Chronic low-grade systemic inflammation
	Slavich & Irwin (2014); Dhabhar (2014)

	Oxidative Stress
	MDA, Antioxidant enzymes
	Elevated MDA; Reduced antioxidants
	Cellular stress fatigue and macromolecular damage
	Nath et al. (2022); Nath & Pallathadka (2025)

	Metabolic
	Glucose, Lipids
	Variable fluctuations
	Stress-related metabolic and energy mobilization shifts
	Melamed et al. (2006)


*Note: References derived from text synthesis.

In Table 1, a thorough summary of physiological systems compromised by academic burnout is presented. The table enumerates the biomarkers neuroendocrine hormones to inflammatory cytokines that show measurable deviations among young people with prolonged academic stress. The table provides a system-wise categorization of these alterations and marks the indicators such as cortisol dysregulation, decreases in heart rate variability (HRV), and changes in blood cells, for example, fewer lymphocytes and more neutrophils. In addition to that, the table gives a physiological explanation for each change, connecting the shifts in biomarkers to the processes of the body like chronic strain in the HPA axis and autonomic imbalance, and citing relevant literature.

Table 2. Differences Between Academic Stress and Academic Burnout

	Parameter
	Academic Stress (Acute)
	Academic Burnout (Chronic)

	Duration
	Short-term (e.g., examination weeks)
	Long-term (months or years)

	Emotional Symptoms
	Anxiety, pressure, worry
	Emotional exhaustion, cynicism, detachment

	Cognitive Symptoms
	Difficulty focusing, racing thoughts
	Reduced motivation, low academic efficacy

	Cortisol Response
	Temporary increase (Adaptive response)
	Flattened curve or dysregulated rhythm (Maladaptive)

	Cardiovascular Response
	Mild, temporary rise in BP/HR
	Persistent high HR/BP; Chronically reduced HRV

	Hematology
	Mild leukocyte shifts (demargination)
	Pronounced immune suppression and anemia risk

	Recovery Time
	Rapid (post-stressor)
	Slow, often prolonged recovery required

	Pathological Risk
	Moderate: Reversible functional adaptation
	High: Risk of progressive pathophysiological disease



Table 2 illustrates the significant differences between acute academic stress and chronic academic burnout, a distinction that is still not properly recognized in the health assessment of students. Academic stress is defined as a short-term, adaptive reaction to the immediate demands, while burnout is a long-term, maladaptive condition characterized by emotional exhaustion and a cynical attitude. The table differentiates these conditions based on various factors including, but not limited to, duration, cognitive symptoms, and recovery time. Most importantly, it shows the physiological transition from short-term, reversible increases in blood pressure or cortisol (stress) to long-lasting, unregulated patterns (burnout) that have a higher chance of leading to long-term pathophysiology.

Table 3. Lifestyle Mediators and Physiological Impact

	Lifestyle Mediator
	Physiological Impact Mechanism
	Evidence from Authors' & Regional Research

	Dietary Habits
	Influences Hemoglobin (Hb), MCV, and iron status; exacerbates anemia risk.
	Nath & Pallathadka (2025): Study on diet and blood health in allied health students.

	Physical Activity
	Modulates immune resilience and RBC indices; inactivity weakens cardiovascular buffering.
	Nath & Pallathadka (2025): Role of sports in improving hematological profiles.

	Caffeine Consumption
	alters blood pressure, heart rate, and RBC profile; mimics stress response.
	Nath & Pallathadka (2025): Impact of caffeine on hematology in students.

	Sleep Quality
	Critical for cortisol regulation and immune recovery; deprivation increases inflammation.
	Supported by general burnout literature and physiological consensus.

	Sedentary Behaviour
	Weakens cardiovascular health and metabolic clearance; central to burnout pathology.
	Implicit in findings regarding lack of sports participation (Nath & Pallathadka, 2025).



As shown in Table 3, lifestyle habits are major mediators that change the physiological effect of burnout. It also lists unhealthy practices (like poor diet, lack of exercise, and high caffeine intake) that are frequent among students and relates them to certain biological effects. Besides that, the table incorporates results from the latest regional studies started by Nath & Pallathadka (2025), which show that these lifestyle factors have a direct impact on blood conditions such as hemoglobin levels and red blood cell counts. This compilation underlines that the students’ lifestyle choices can either lessen or increase the physical pressure caused by academic competition.

Table 4. Biomarkers Useful for Early Detection of Burnout

	Biomarker Category
	Specific Indicators
	Direction of Change / Clinical Note

	Stress Hormones
	Cortisol (Saliva/Serum), ACTH
	Dysregulation: Look for blunted morning awakening response or elevated evening levels.

	Autonomic Function
	HRV (Heart Rate Variability), Resting HR, BP
	Suppression: Low HRV (RMSSD) indicates poor stress adaptation and sympathetic overdrive.

	Hematological Profile
	WBC Differential, Hemoglobin, Platelets
	Stress Leukogram: Look for high Neutrophil/Lymphocyte ratio (NLR) and unexplained anemia.

	Inflammatory Markers
	CRP, IL-6
	Elevation: Indicates systemic low-grade inflammation even in absence of infection.

	Oxidative Status
	MDA (Malondialdehyde), TAC, SOD
	Imbalance: High MDA with low Total Antioxidant Capacity (TAC).

	Metabolic Health
	Fasting Glucose, Lipid Profile
	Fluctuation: Monitoring for stress-induced hyperglycemia or dyslipidemia.

	Sleep Physiology
	Melatonin, Sleep Duration/Quality
	Disruption: Delayed phase or reduced quality correlates with cortisol issues.



In Table 4, an objective biomarkers panel is introduced that can be used for screening, early detection, and monitoring of the academic burnout in the student population. This table does not consider only self-reported psychological surveys but assigns physiological indicators to diagnostic groups which include stress hormones (cortisol), autonomic measures (HRV, blood pressure), and inflammatory markers (CRP, IL-6) as well. The table also gives the expected direction of change for the biomarkers. For example, it could be the rise of oxidative stress markers or the decline of immune function. This scare of reversals represents the use of a solid framework for researchers and clinicians to evaluate the somatic burden of chronic academic strain.


The available evidence suggests that academic burnout in young adults is linked to significant changes in neuroendocrine function, cardiovascular responses, hematological indices, inflammatory markers and oxidative stress. These biomarkers indicate the physiological burden caused by chronic academic strain and the necessity for early identification and intervention.


3. results and discussion

This review article provides a comprehensive overview of the current knowledge regarding academic burnout, going beyond the mere psychological impact of fatigue ranking it as a multi-faceted condition involving measurable physiological changes in neuroendocrine, cardiovascular, hematological, and biochemical systems. These bodily responses are a clear indication that the old academic burden slowly but surely wears out the very adaptive mechanisms of the body.

One of the key points of academic research that has been consistently verified is the engagement of the HPA axis and its effect on cortisol regulation. Continuous exposure to stressors, as in the case of burnout, results in either a situation wherein the basal cortisol levels remain high or where the diurnal rhythms are disturbed (Cohen et al., 2007). The changes in hormone levels impact the immune system, blood production, the inflammatory process, and even the body's sympathetic and parasympathetic balance. Our team’s research on students undergoing examination stress in the Tripura region among the allied health field provided medical evidence of stress-induced blood parameter deviations that indicate the involvement of neuroendocrine factors (Nath & Pallathadka, 2025).

Physiological responses to core aspects of burnout are reflected in the cardiovascular responses as well. The heart rate variability imposed by the dirty air trade-off, resting blood pressure increases, and the overall stress in the body point to the conclusion that constant academic overload is the main cause of this. However, chronic stress can create a condition that both very young people and adults would consider very risky as far as heart diseases are concerned. The issue is even more serious for the allied health students who have to complete their laboratory and clinical requirements in addition to succeeding in their lectures. It is, therefore, very likely that the combination of burnout, lack of movement, and high coffee consumption, which are very typical among college students, might lead to the situation where sympathetic nervous dominance and vascular stress are quicker. Our previous work studying the caffeine use among health-related students underlined the physiological consequences of such factors in their interaction with stress-related responses (Nath & Pallathadka, 2025).

Though not directly studied, hematological changes in burnout can be deduced from evidence concerning chronic and acute academic stress. The neutrophil count has been raised, the lymphocyte counts lowered, the red cell indices have changed, and the platelet count has fluctuated in stressed individuals. Over the years research conducted with allied health students in Tripura revealed how lifestyle and stress factors are responsible for the changes in the hematological parameters like hemoglobin levels or red cell morphology (Nath & Pallathadka, 2025). Hence, we can infer that burnout being a longer-lasting type of a student stressor would even have a greater influence on immune and hematological regulation.

Inflammatory and oxidative stress markers provide a better understanding of the biological cost of academic burnout. Students under prolonged academic pressure have been reported to have raised levels of C reactive protein (CRP), interleukin-6 (IL-6) and oxidative imbalance markers. These results imply that burnout causes low-grade systemic inflammation, which in turn is connected with a wide range of negative effects such as tiredness, lack of attention, sleep problems and mood changes. Very few studies have directly looked at these biomarkers in burned-out students, but the physiological patterns are in line with the established routes of chronic stress. Evidence from our research involving tea garden workers also pointed to such patterns with prolonged environmental and lifestyle stressors making the body more susceptible to oxidative stress and changing blood parameters (Nath et al., 2022). These patterns confirm that the human body has a universal way of responding to the continuous exposure to stress.

Lifestyle behaviors further intensify the physiological burden of burnout. Burned-out students typically resort to maladaptive coping techniques such as not eating, drinking too much coffee, not sleeping at the regular time, and not exercising at all. Each of these habits has its own impact on the blood and heart related markers, and the sum of their influences is even stronger. Our research on diet, sports, caffeine and stress among allied health students made the links between lifestyle choices and the blood health changes very clear (Nath & Pallathadka, 2025). This body of evidence prompts the conclusion that the changes in biomarkers related to burnout cannot be interpreted as isolated events but should be examined in the wider context of student conduct.

The issue of gender differences also came up as a critical matter. Female students are more prone to suffering from anemia, iron deficiency as well as menstrual irregularities which makes them more likely to be affected by stress-related disturbance in their blood. Our previous research on the subject of menstrual cycle related anemia among allied health students in Tripura pointed out this susceptibility (Nath & Pallathadka, 2025). The physiological susceptibilities may become more aggravated when joined with burnout, thus requiring the need for gender-sensitive interventions.

In general, the proof shows that academic burnout not only causes emotional exhaustion but also produces noticeable physiological changes that go well beyond the latter. These changes have an impact on the body’s hormone balance, immune activity, cardiovascular functioning and metabolic stability. Most young adults do recover when stress levels are lowered but the cumulative effects of going through repeated burnout cycles might eventually lead to a higher risk of health issues in the long run. The results stress the need for early detection, regular checking and institutional support systems as necessary measures to counteract the physiological consequences of burnout among students.


4. Conclusion
Academic burnout in young adults, especially allied health students, is not merely characterized by psychological exhaustion as the main aspect. This review states that it is also accompanied by measurable physiological changes that one could easily notice. Neuroendocrine function, cardiovascular regulation, hematological balance and inflammatory processes are some of the physiological systems that are mostly affected by chronic academic stress. The daily stress of students' life causes the HPA axis and the autonomic nervous system to be involved in the central pathway, which in turn leads to such parameters as cortisol levels, heart rate variability, blood pressure, and immune cell distribution to be altered as the biological markers of burnout.

The data collected indicate that the manifestation of the burnout condition is marked by a continuous shift towards the sympathetic nervous system predominance, a decline in parasympathetic activity, disturbed hemoglobin profiles, modifications in the white blood cells composition, and an increase in markers of inflammation or oxidative stress. All these changes in the body show that burnout has taken over students' lives physically, and if no intervention takes place, the condition may lead to their future health problems. The results of our previous study done among future health care workers are consistent with the idea of close relationship between stress, unhealthy behaviors and blood indicators, therefore it is important to consider the physiological pathways in student populations.

Moreover, the students suffer from a combination of health issues like irregular eating habits, lack of sleep, excessive caffeine intake, and little exercise which in turn, are actually the causes of burnout. Furthermore, female students may have to deal with additional stressors such as anemia and hormonal changes, which can vary the impact of stress on them and therefore, necessitate different strategies of coping.
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