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Abstract. Chronic academic stress is increasingly recognized as a significant 

neurobiological risk factor among medical students. Persistent activation of the hypothalamic–

pituitary–adrenal (HPA) axis leads to prolonged cortisol elevation, which has been associated 

with hippocampal atrophy, impaired synaptic plasticity, and reduced executive functioning.  

According to global meta-analyses, approximately 52–67% of medical students report 

high perceived stress, and 27–35% demonstrate clinically significant symptoms of anxiety or 

depression. This study analyzes the neurobiological mechanisms underlying stress-induced 

cognitive impairment and evaluates measurable cognitive outcomes among medical students.  

The findings confirm a statistically significant association between chronic stress and 

decreased working memory, attention span, and decision-making capacity. Early institutional 

interventions are essential to protect neurocognitive health and ensure sustainable professional 

competence. 
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ХРОНИЧЕСКИЙ АКАДЕМИЧЕСКИЙ СТРЕСС И СТРУКТУРНЫЕ ИЗМЕНЕНИЯ 

МОЗГА У СТУДЕНТОВ-МЕДИКОВ: НЕЙРОБИОЛОГИЧЕСКИЕ МЕХАНИЗМЫ И 

КОГНИТИВНЫЕ ПОСЛЕДСТВИЯ 

Аннотация. Хронический академический стресс все чаще рассматривается как 

значимый нейробиологический фактор риска среди студентов медицинских вузов.  

Постоянная активация гипоталамо-гипофизарно-надпочечниковой (ГГН) оси 

приводит к длительному повышению уровня кортизола, что связано с атрофией 

гиппокампа, нарушением синаптической пластичности и снижением исполнительных 

функций. Согласно глобальным метаанализам, около 52–67% студентов-медиков 

испытывают высокий уровень воспринимаемого стресса, а у 27–35% наблюдаются 

клинически значимые симптомы тревоги или депрессии. В данном исследовании 

анализируются нейробиологические механизмы, лежащие в основе стресс-

индуцированных когнитивных нарушений, а также оцениваются измеримые когнитивные 

показатели у студентов медицинских специальностей. Полученные результаты 

подтверждают статистически значимую связь между хроническим стрессом и 

снижением рабочей памяти, концентрации внимания и способности к принятию 

решений. Ранняя институциональная интервенция является необходимой для защиты 

нейрокогнитивного здоровья и обеспечения устойчивой профессиональной 

компетентности. 

Ключевые слова: хронический стресс, ГГН-ось, атрофия гиппокампа, 

нейропластичность, исполнительные функции, студенты-медики, кортизол, BDNF, 

когнитивное снижение. 
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Introduction 

Stress is naturally an adaptive mechanism that helps individuals respond to challenges 

and maintain survival. However, when stress becomes chronic, it shifts from being protective to 

harmful, negatively affecting both mental and physical health. This is especially evident in 

medical education, which is widely recognized as one of the most psychologically demanding 

academic environments. Research shows that stress is highly prevalent among medical students, 

affecting more than half of them. A significant proportion also experiences burnout, sleep 

deprivation, anxiety, and depressive symptoms. These factors are often interconnected and tend 

to worsen over time if not properly managed. Unlike short-term stress, chronic academic stress 

leads to continuous activation of the hypothalamic–pituitary–adrenal (HPA) axis. This prolonged 

activation results in excessive cortisol secretion, which can have damaging effects on the brain.  

In particular, areas such as the hippocampus and prefrontal cortex, which are rich in 

glucocorticoid receptors, are especially vulnerable. As a result, cognitive functions like memory, 

attention, and decision-making may become impaired, further impacting academic performance 

and overall well-being. 

Aim of the Study 

To evaluate the relationship between chronic academic stress and measurable cognitive 

decline among medical students and to analyze associated neurobiological mechanisms. 

Materials and Methods  

This study was designed as a cross-sectional investigation aimed at evaluating the 

relationship between chronic stress, cognitive function, anxiety levels, and sleep quality among 

medical students. A total of 150 participants were included in the study, all of whom were 

medical students aged between 18 and 26 years. The participants were selected using a voluntary 

sampling method, and all individuals provided informed consent prior to participation. Inclusion 

criteria consisted of currently enrolled medical students without diagnosed neurological or severe 

psychiatric disorders, while those with known chronic illnesses or ongoing psychiatric treatment 

were excluded to minimize confounding factors. 

To obtain a comprehensive assessment, several standardized and validated psychometric 

and cognitive instruments were used. The Perceived Stress Scale (PSS-10) was applied to 

measure the degree to which participants perceived their lives as stressful during the past month.  

Anxiety levels were evaluated using the Beck Anxiety Inventory (BAI), which assesses 

both cognitive and somatic symptoms of anxiety. Cognitive performance was assessed through 

two neuropsychological tests: the Digit Span Test, which measures working memory capacity 

and attention, and the Trail Making Test, which evaluates executive function, including cognitive 

flexibility, processing speed, and task-switching ability. Sleep quality was assessed using the 

Pittsburgh Sleep Quality Index (PSQI), a widely used tool that examines sleep duration, 

disturbances, latency, and overall sleep efficiency. Data collection was carried out under 

standardized conditions to ensure consistency and reliability. All participants completed the 

questionnaires and cognitive tests in a controlled academic setting, minimizing external 

distractions. The collected data were then systematically coded and entered into statistical 

software for further analysis. 

For statistical evaluation, Pearson correlation analysis was used to determine the strength 

and direction of relationships between stress levels, anxiety, cognitive performance, and sleep 

quality.  
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Additionally, multiple linear regression analysis was performed to identify independent 

predictors of cognitive impairment and psychological distress while controlling for potential 

confounding variables. A p-value of less than 0.05 was considered statistically significant, 

indicating that the observed associations were unlikely to have occurred by chance. Overall, this 

methodological approach allowed for a multidimensional assessment of the impact of chronic 

stress on both psychological and cognitive domains in medical students. 

Neurobiological Mechanisms of Chronic Stress (expanded version) 

Chronic stress does not only affect mood or behavior it produces deep neurobiological 

changes that alter brain structure and function. These changes are primarily mediated through 

dysregulation of the hypothalamic–pituitary–adrenal (HPA) axis and its downstream effects on 

key brain regions involved in cognition and emotional regulation. 

Under normal conditions, the HPA axis helps the body respond to stress in a controlled 

and time-limited manner. However, during chronic stress, this system becomes persistently 

activated.  

The hypothalamus continuously releases corticotropin-releasing hormone (CRH), which 

stimulates the pituitary gland to secrete adrenocorticotropic hormone (ACTH). In turn, the 

adrenal cortex produces cortisol in excessive and prolonged amounts. 

Sustained elevation of cortisol has several harmful effects on neuronal structure and 

function. It leads to reduced dendritic branching in hippocampal neurons, meaning that the 

connections between neurons become less complex and efficient. At the same time, neurogenesis 

- especially in the dentate gyrus of the hippocampus - is significantly suppressed, limiting the 

brain’s ability to generate new neurons. Chronic cortisol exposure also disrupts long-term 

potentiation (LTP), which is a key cellular mechanism underlying learning and memory.  

Additionally, synaptic transmission becomes impaired, reducing communication 

efficiency between neurons. Altogether, these changes contribute to cognitive decline, especially 

in memory and learning capacity. 

The hippocampus is one of the most vulnerable brain regions to chronic stress because of 

its high density of glucocorticoid receptors. Neuroimaging studies, particularly MRI, have shown 

that individuals exposed to prolonged stress may exhibit a 5–12% reduction in hippocampal 

volume. Functionally, the hippocampus plays a critical role in memory consolidation, spatial 

navigation, and learning efficiency. When its volume decreases, these functions become 

compromised. Patients often experience difficulties in forming new memories, retrieving stored 

information, and maintaining concentration during learning tasks. The degree of hippocampal 

atrophy has been shown to correlate directly with the severity of memory impairment, indicating 

a clear structural–functional relationship. 

The prefrontal cortex (PFC) is responsible for higher-order cognitive processes such as 

decision-making, attention regulation, planning, and problem-solving. Chronic stress negatively 

affects the PFC by reducing its functional connectivity and weakening neural networks involved 

in executive control. As a result, individuals under prolonged stress often demonstrate impaired 

decision-making abilities, particularly in complex or high-pressure situations. Attention control 

becomes less stable, making it difficult to focus or switch between tasks efficiently. Problem-

solving capacity is also reduced, as the brain struggles to integrate information and generate 

effective solutions. These deficits are especially problematic in academic environments, such as 

medical education, where high-level cognitive performance is essential. 
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In contrast to the hippocampus and prefrontal cortex, the amygdala tends to become 

hyperactive under chronic stress conditions. The amygdala is a key structure involved in 

emotional processing, particularly fear and anxiety responses. Chronic stress enhances amygdala 

reactivity, leading to increased emotional sensitivity and heightened anxiety levels. This 

hyperactivity can create a feedback loop, where emotional stress further stimulates the HPA axis, 

maintaining high cortisol levels. Moreover, an overactive amygdala can interfere with the 

functioning of the prefrontal cortex, reducing the brain’s ability to regulate emotions and 

maintain cognitive control.  

As a result, individuals may experience emotional instability, increased anxiety, and 

decreased cognitive performance. 

Results 

69% of participants showed moderate-to-high stress levels. 32% demonstrated clinically 

relevant anxiety symptoms. Students with high stress scored 24–30% lower on working memory 

tests. Executive function performance decreased by 18–22% in sleep-deprived students. A strong 

negative correlation between stress score and memory performance (r = -0.64, p < 0.01). 

Students engaging in regular physical activity showed significantly better cognitive resilience (p 

< 0.05). 

Discussion 

The findings of this study are consistent with international neuroimaging and 

neurobiological research demonstrating that chronic stress leads to significant structural and 

functional alterations in the brain. One of the key mechanisms underlying these changes is the 

prolonged elevation of cortisol levels, which disrupts essential neurobiological processes 

required for optimal brain functioning. Chronic cortisol exposure negatively affects the 

production of brain-derived neurotrophic factor (BDNF), a critical protein involved in neuronal 

survival, growth, and synaptic plasticity. Reduced BDNF levels impair the brain’s ability to 

adapt and reorganize, leading to decreased synaptic plasticity and suppressed neurogenesis, 

particularly in the hippocampus. These changes are strongly associated with memory decline, 

reduced learning capacity, and the development of mood disorders such as anxiety and 

depression. In addition to neurotrophic disruption, chronic stress also triggers a cascade of 

physiological processes that further damage neuronal integrity. These include increased 

production of inflammatory cytokines, which promote neuroinflammation, as well as elevated 

oxidative stress that leads to cellular damage. Mitochondrial dysfunction also occurs under 

prolonged stress conditions, reducing the efficiency of energy production within neurons.  

Together, these mechanisms significantly impair neuronal communication, processing 

speed, and overall cognitive efficiency. 

Medical students represent a particularly vulnerable population from a neurobiological 

perspective. Continuous cognitive demands, high academic expectations, and emotional pressure 

create a state of sustained stress exposure. This combination of cognitive overload and 

psychological strain increases the risk of long-term alterations in brain function, ultimately 

affecting both academic performance and mental health. Given these risks, the implementation 

of preventive and institutional strategies is essential. Evidence-based interventions have shown 

promising results in mitigating the effects of chronic stress. Mindfulness-based stress reduction 

techniques, for example, have been shown to decrease cortisol levels by up to 20%, promoting 

emotional regulation and mental clarity.  
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Regular aerobic exercise enhances BDNF production, supporting neurogenesis and 

improving cognitive function. Structured sleep hygiene programs are also critical, as adequate 

sleep is essential for memory consolidation and neural recovery. 

At the institutional level, optimizing academic workload and reducing unnecessary 

pressure can significantly improve student well-being. Universities that implement mental health 

monitoring systems and structured stress-management programs report measurable benefits, 

including a 15–25% improvement in academic performance and a 20–30% reduction in burnout 

rates. These findings highlight the importance of a proactive, system-level approach to student 

mental health. Overall, addressing chronic stress in medical students requires both individual-

level interventions and institutional support systems to protect brain health and enhance 

academic outcomes. 

Conclusion 

Chronic academic stress significantly impairs cognitive function through measurable 

neurobiological mechanisms, including hippocampal atrophy, reduced neuroplasticity, and 

executive dysfunction. Given the high prevalence of stress among medical students, immediate 

integration of preventive neurological and psychological support systems into medical education 

frameworks is critical. Protecting cognitive health ensures not only academic success but also the 

long-term professional competence of future healthcare specialists. 
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