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Editorial

New beginnings, shared responsibility, and a renewed commitment to frontline medicine

With this issue, Essentials of Frontline Medicine Journal enters a new period of editorial continuity,
growth, and responsibility. Every new beginning in academic publishing carries both a sense of renewal
and a clear obligation: to protect scientific integrity, to support authors and reviewers with fairness, and to
provide readers with reliable knowledge that can contribute to clinical practice.

Frontline medicine is shaped by real clinical questions, changing patient needs, and the constant effort
to translate evidence into everyday care. In this context, our journal aims to serve as an accessible and
rigorous platform for studies that address practical problems across general medicine, primary care,
internal sciences, surgical sciences, and related health disciplines.
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editorial transparency, and encouraging submissions that combine methodological clarity with clinical
relevance. We particularly value research that reflects the realities of healthcare delivery, supports
evidence-based decision-making, and contributes to multidisciplinary dialogue.

We extend our sincere appreciation to the authors, reviewers, section editors, and editorial board
members whose contributions make this issue possible. Their collective effort is essential for building a
journal culture based on quality, collegiality, and scientific responsibility.

We hope that this new issue will mark not only a new publication period, but also a renewed institutional
identity for Essentials of Frontline Medicine Journal. We invite our readers and contributors to accompany
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Sincerely,

Assoc. Prof. Ersan GURSOY
Editor-in-Chief

Essentials of Frontline Medicine Journal
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ABSTRACT

Objective: This study aims to compare the lifestyle modification (LM) recommendations provided by the generative
artificial intelligence tool Gemini for a patient with home blood pressure measurements of 135/85 mmHg on two separate
occasions, with current international (ESH/ESC) and national (TKD/THD) clinical hypertension guidelines.

Methods: The analysis focused on a home blood pressure value of 135/85 mmHg, corresponding to the threshold of Stage
1 Hypertension. Six major LM recommendations generated by Gemini—Salt Restriction, Diet, Physical Activity, Weight
Control, Harmful Habits, and Stress Management—were identified and compared with the guidelines in terms of
recommendation class (Class I/1I), level of evidence (A/B), and estimated clinical effect size.

Results: All six lifestyle recommendations provided by Gemini were consistent with guideline-endorsed, evidence-based
interventions (Class I, Level A/B) proven to effectively lower blood pressure. This finding indicates that the Al tool
generally delivers accurate and reliable information on this critical clinical topic. However, several gaps were noted,
including the absence of specific guidance on dietary models such as the DASH diet, the role of resistance training, and
recommended follow-up intervals of 3—6 months for reassessment.

Conclusion: Generative Al has considerable potential to support health literacy and patient engagement in chronic disease
management such as hypertension. Nevertheless, the comparison with established guidelines reaffirms that Al-generated
lifestyle advice must always be personalized, detailed, and validated by qualified healthcare professionals to ensure clinical
effectiveness and patient safety. Furthermore, the inherent risk of hallucination in large language models remains a
significant limitation that warrants cautious evaluation in health-related contexts.

Keywords: hypertension, lifestyle modification, artificial intelligence, Gemini, large language models

Introduction

Hypertension (HT), commonly referred to as high blood pressure, is a chronic medical condition characterized by a
persistent elevation in arterial blood pressure (BP). If left untreated, it substantially increases the risk of serious
cardiovascular events such as myocardial infarction, stroke, renal failure, and visual impairment (1).

The classification of hypertension varies slightly depending on the clinical guideline used and the site of measurement
(clinic/office vs. home/ambulatory) (1,2). Blood pressure is generally expressed as two values: Systolic Blood Pressure
(SBP) and Diastolic Blood Pressure (DBP) (3). Minor differences in the threshold levels of SBP and DBP can be
observed across different guidelines.

A blood pressure (BP) measurement of 135/85 mmHg on two separate occasions indicates that the patient falls at the
threshold between High-Normal Blood Pressure and Stage | Hypertension according to international guidelines. When
these measurements are obtained from home monitoring, the patient meets the criteria for Stage |1 Hypertension, as home
BP measurements consider =135/85 mmHg the hypertensive threshold (1).

This critical range represents an early intervention window for clinicians. Identifying patients at this stage—before
significant vascular damage occurs—provides an opportunity to achieve target BP (<130/80 mmHg) through intensive
lifestyle modifications (LM). Consequently, the first and most important step prior to initiating pharmacological therapy
is the rigorous implementation of intensive LM strategies (1-3).

A BP measurement of 135/85 mmHg on two separate occasions corresponds to High-Normal Blood Pressure (per
European ESH/ESC guidelines) or near Stage | Hypertension according to some American guidelines (1,2). Notably,
home measurements of >135/85 mmHg are generally considered hypertensive (1,3,4).

Artificial mntelligence (Al) tools are playing an increasingly important role in facilitating patient access to health
information. Patients today use Al-supported systems to understand symptoms, obtain preliminary information about
1
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potential conditions, compare treatment options, and receive lifestyle recommendations. Leveraging natural language
processing and machine learning, these tools interpret user queries and provide meaningful, summarized information
from medical databases and scientific literature (5).

Table 1. Classification of Hyvpertension According to the ESH/ESC Guidelines

Blood Pressure Category Home Measurement (Mean Value)
Normal Blood Pressure < 125/75 mmHg
High-Normal Blood Pressure 130-134 / 80—84 mmHg
Grade 1 Hypertension 135-149 / 85-94 mmmHg

Al-powered conversational assistants also enhance health literacy by explaining complex medical terminology in
accessible language, enabling individuals to make more informed decisions about their health. Particularly in chronic
disease management, they provide personalized guidance, reminders for medication adherence, and support for lifestyle
adjustments. Widely used large language models (LLMs) in this context include ChatGPT, Gemini, and DeepSeek (5).

However, it 1s important to emphasize that Al-generated information cannot replace professional medical advice. While
these tools provide rapid access to information, their accuracy, reliability, and ethical use must be carefully evaluated.
Health professionals play a crucial role in guiding and supervising the use of Al to ensure that patients recelve accurate
information and develop informed health behaviors (6).

Table 2. Hypertension Classification According to the 2019 Turkish Hypertension Consensus Report

Blood Pressure Category SBP (mmHg) DBP (mmHg) Explanations
Optimal <120 <%0 t:-:;cs{ cardiovascular risk
Normal 120-129 80-84 Acceptable level; regular

monitoring recommended
High Normal 130-139 8589 Group at increased risk for
developing hypertension
Mild hypertension; lifestyle
. modifications and
Grade 1 Hypertension 140-159 90-99 pharmacological treatment if
necessary
Moderate hypertension;
Grade 2 Hypertension 160179 100-109 pharmacological treatment
indicated
Grade 3 Hypertension > 180 > 110 Severe hyperiension; urgent

treatment required
Commonly observed in older
Isolated Systolic Hypertension =140 <90 adults; associated with
increased arterial stiffness

A critical limitation of LLMs 1s Al hallucination, whereby the model produces fluent and persuasive but false, fabricated,
or scientifically unsupported information. This occurs because the model prioritizes linguistic fluency over factual
accuracy and fills gaps with statistically plausible but incorrect content. In healthcare, such hallucinations can lead to
erroneous treatment recommendations, incorrect dosages, or citations of non-existent sources, posing a serious risk to
patient safety. Therefore, LLM outputs must always be verified by qualified experts (5).

For patients in this critical BP range, the first and most important step prior to initiating pharmacological therapy remains
the strict implementation of intensive lifestyle modification recommendations (1-3). This study aims to provide a
scientific roadmap for this patient group by comparing the core lifestyle recommendations generated by the generative
Al tool Gemini with contemporary cardiology and hypertension guidelines, including ESH/ESC and the Turkish Society
of Cardiology.

Methods

The objective of this study was to compare lifestyle modification (LM) recommendations provided to a patient with a

blood pressure (BP) of 135/85 mmHg with contemporary clinical guidelines. The methodology employed is outlined

below:

Literature Review and Guideline Selection

The primary clinical guidelines referenced in this study included:

European Society of Cardiology (ESC) and European Society of Hypertension (ESH) Guidelines: The 2018

hypertension management guidelines and subsequent updates were used as the main reference. These guidelines provide
2
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detailed LM recommendations for patients with High-Normal BP and Stage 1 Hypertension, specifying the level of
evidence (A, B, C) and recommendation class (I, IIa, IIb, III).

Turkish Society of Hypertension and Kidney Diseases (THD) / Turkish Society of Cardiology (TKD) Consensus
Reports: National guidelines and consensus reports were reviewed to incorporate local epidemiological data and
treatment approaches.

Literature Search: To support the clinical efficacy and physiological mechanisms underlying guideline
recommendations, relevant meta-analyses and randomized controlled trials were 1dentified using PubMed and Google
Scholar with the keywords “Lifestyle modification”, “Hypertension”, and “DASH diet™.

Querying the Generative Al Tool Gemini

The generative Al tool Gemini, developed by Google, was selected for this study. The rationale for this choice includes
its status as one of the most advanced multimodal large language models (LLMs) in the field, which allows it to
represent current trends in healthcare knowledge accurately. Additionally, its widespread accessibility within the Google
ecosystem enhances the practical relevance of the information it provides, reflecting the resources available to a broad
patient population secking health literacy. These factors make Gemini an ideal and representative model for evaluating
Al-derived recommendations in a critical chronic condition such as hypertension.

The evaluation was conducted using the Gemini Pro version on November 1, 2025. To ensure consistency, a
standardized single-prompt approach was used, focusing on a specific clinical scenario of Stage 1 Hypertension. This
study serves as a descriptive and conceptual comparison rather than a formal, multi-model performance analysis.

Responses were recorded, consolidated, and used for analysis.
Comparative Analysis
Six core LM recommendations were identified: Salt Restriction, Diet, Physical Activity, Weight Control, Harmful

Habits, and Stress Management. Each recommendation was then examined for its correspondence to the selected
international and national guidelines:

The guideline classification (strength of recommendation) and level of evidence (reliability of evidence) for each
recommendation were determined.

The estimated clinical effect size on BP (e.g., “4-8 mmHg reduction™) was extracted from clinical studies and
incorporated into the comparative table.

This methodology aims to demonstrate that the LM recommendations provided by Gemini are not merely general advice
but represent a first-line, evidence-based intervention, supported by robust scientific data and endorsed by clinical
guidelines.

Results

In response to the query posed to the Gemini large language model, the following lifestyle modification
recommendations were generated for a patient with a blood pressure of 135/85 mmlHg:

Lifestyle Modification Recommendations

Salt Restriction in Diet: Reduce Salt Intake: Significantly limit your daily salt consumption, including table salt,
processed foods, ready-made meals, pickles, cured products, chips, biscuits, etc. The World Health Organization
recommends keeping daily salt intake below 5 grams (approximately | teaspoon). Avoid Processed Foods: Processed,
frozen, and packaged foods contain high amounts of hidden salt. Do Not Add Salt to Meals: Refrain from adding extra
salt to food.

Healthy Diet: Increase Fruit and Vegetable Intake: Foods rich in minerals such as potassium, calcium, and magnesium
(bananas, spinach, avocado, whole grains, low-fat dairy) can help lower blood pressure. Control Fats: Avoid saturated
and trans fats (fatty cuts of red meat, butter, processed and fried foods). Prefer healthy fat sources (olive oil, nuts, fatty
fish). Limit Caffeine Intake.

Regular Physical Activity: Exercise: Perform moderate-intensity aerobic exercise (such as brisk walking, swimming,
cycling) for 30-40 minutes, at least 5 days per week, which is very effective in lowering blood pressure. Avoid
Sedentary Behavior: Take frequent short activity breaks during the day.

Weight Management: Maintain Your Ideal Weight: If you are overweight or obese, losing weight is one of the most
important steps to control your blood pressure.

Avoid Harmful Habits: Quit Smoking: Smoking directly raises blood pressure and increases the risk of cardiovascular
diseases. Limit or Abstain from Alcohol Consumption.
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Stress Management and Sleep: Manage Stress: Chronic stress can increase blood pressure. Apply stress management
techniques such as yoga, meditation, breathing exercises, or engaging in hobbies. Get Adequate Sleep: High-quality and
regular sleep (generally 7-8 hours) is critical for body recovery and blood pressure regulation.”

Discussion

This study evaluated the lifestyle modification recommendations provided by the Gemini large language model for a

patient with a home blood pressure measurement of 135/85 mmHg, comparing them with current international
(ESH/ESC) and national (TKD/THD) hypertension guidelines.

Table 3. Comparison of Lifestyle Modification Recommendations: Gemini vs. ESH/ESC, JNC, and Turkish Guidelines

Lifestyle Modifi

Gemini Recommen

(Guideline Data)

1. Salt Restriction

2. Healthy Diet

3. Regular Physical Activity

4. Weight Management

5. Avoidance of Harmful Habits

6. Stress Management and Sleep

Reduce daily salt (NaCl) intake,
particularly by avoiding processed foods.

Increase consumption of fruits, vegetables,
whole grains, and low-fat dairy products;
avoid saturated fats.

Engage in moderate-intensity aerohic
exercise (e.g.. brisk walking) for 30-40
minules per day, at least 5 days per week.

Maintain an ideal body weight (BMI 20-25
kg/m?) or lose excess weight.

Completely quit or limit tobaceo and
alcohol consumption.

Implement stress management techniques
and maintain a regular, high-quality sleep
schedule.

Evidence B): All guidelines (ESH/ESC,
TEMD/TKD) recommend keeping daily
sodium intake below 5-6 grams
{approximately | teaspoon) (1,2,3).
Guideline Endorsement (Class I, Level of
Evidence B): The DASH diet (Dietary
Approaches 1o Stop Hyperiension) is
recommended as a basis. Emphasis is
placed on potassium-rich foods and
restriction of red meat and sugary
beverages (1,2,7.8).

Guideline Endorsement {Class [, Level of
Evidence A): At least 150 minuies of
moderate-intensity or 75 minutes of high-
mtensity acrobic activity per week 1s
recommended. In addition, resistance
training is also advised (1-4).

Guideline Endorsement {Class [, Level of
Evidence B): Emphasis is placed on
maintaining a body mass index (BMI)
below 25 ke/m? and monitoring waist
circumference (men <94 em, women <80
cm) (1,2).

Guideline Endorsement {Class [, Level of
Evidence B): Immediate smoking
cessalion is the strongest
recommendation. Aleohol consumption
should be strictly limited {daily limit: 20—
30 g ethanol for men, 10-20 g for women)
(14

Guideline Endorsement (Class [la/Tlb):
Although the direct level of evidence is
not as high as for other interventions, the
negative impact of psychosocial stress and
sleep apnea on hypertension is

May result in a 4-5 mmHyg reduction in
systolic blood pressure (1-3).

May result in an 814 mmHg reduction in
systolic/diastolic blood pressure (3)

May result in a 48 mmHg reduction in
systolic blood pressure (1-3).

Approximately a | mmHg reduction in
blood pressure is observed for each | kg
of weight loss (2-3).

Plays a significant role in risk reduction
and blood pressure lowering (1-3).

Stress control contnbutes to an indirect
reduction in blood pressure (1-3).

recognized, and their management 1s
recommended { 1-4).

Critical Clinical Limitations of Al Output:

Dietary and Nutrition Details

Guidelines, particularly American and TKD recommendations, specifically endorse the DASH diet (Dietary Approaches
to Stop Hypertension), which 1s low in saturated fat and cholesterol and rich in potassium, magnesium, and fiber. The

blood pressure-lowering effects of this diet are scientifically validated (1,2,7,8). In Gemini’s response, the DASH diet
was not explicitly mentioned and was generalized as “‘healthy eating.”

In addition to sodium restriction, guidelines emphasize increasing potassium intake, aiming for a daily intake of 3,500-
5,000 mg from fruits, vegetables, legumes, and low-fat dairy. Potassium helps counteract the adverse effects of sodium
(10). Gemini’s recommendation indirectly covered this under “fruits and vegetables.” Draft ESH/ESC 2024 guidelines
strongly recommend limiting sugary beverages and added sugars (to less than 10% of daily caloric intake) from a young
age. Gemini’s output addressed this only generally under “healthy diet.”

Within the Mediterranean diet framework, the consumption of olive oil, fish, nuts, and seeds—rich in omega-3 and
monounsaturated fatty acids—is highlighted for cardiovascular risk reduction (1,2,7,9). Gemini generalized this as
“prefer unsaturated fats.”

Physical Activity Details
Guidelines recommend including dynamic resistance exercises (non-isometric) 2-3 days per week (e.g., weightlifting or

bodyweight exercises) in addition to aerobic activities (walking, swimming) to enhance muscle mass and support
metabolic health. Gemini’s response mentioned only “moderate-intensity aerobic exercise.”

4
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Guidelines also suggest performing activities targeting 60-70% of the maximum heart rate to achieve optimal exercise
efficacy (1.2). Gemini mentioned only “moderate intensity.”

Diagnosis and Follow-Up Details

It should be clearly emphasized that home blood pressure measurements =135/85 mmHg are already considered
hypertension (Stage 1) (Turkish Hypertension Consensus Report 2019 / ESH Guidelines). This indicates that lifestyle
modifications are not merely preventive measures but the first step in freatment. Gemini’s response addressed the patient
only in the context of lifestyle changes.

For patients with high-normal blood pressure (130-139/85-89 mmHg) and low-to-moderate cardiovascular risk,
guidelines recommend a 3-6 month period to evaluate the effect of lifestyle interventions before initiating
pharmacologic therapy. Close blood pressure monitoring during this period is critical (1-4). Gemini’s response
mentioned treatment duration but lacked detail.

Guidelines also recommend screening for orthostatic hypotension in elderly, diabetic, or newly treated patients by

measuring blood pressure after standing for 1 and/or 3 minutes following a seated measurement (1,2). Gemini did not
address this.

Al Hallucination refers to the generation of false, illogical, or unsupported information by an Al model. Al may suggest
non-evidence-based or potentially harmful interventions, such as herbal supplements or extreme dietary restrictions that
could interact with medications. Al may also provide naccurate or outdated information regarding critical thresholds
(e.g., 135/85 mmHg) or measurable targets (e.g., daily sodium intake of 5-6 g). Since Al cannot fully evaluate
accompanying risk factors (e.g., diabetes, kidney damage), it may create a false sense of security about the adequacy of
lifestyle interventions alone. Notably, Gemini’s response did not contain statements that presented a hallucination risk,
which increases its potential utility in healthcare, though the risk is not entirely eliminated.

While Gemini demonstrated high alignment with core recommendations, these findings should be interpreted with
caution. The model generalized certain dietary patterns and failed to specify clinical details such as the DASH diet by
name, target heart rates for exercise, or the 3-6 month follow-up intervals emphasized m the ESH/ESC 2024 draft
guidelines. Furthermore, as a one-time query evaluation, this study does not account for the inherent variability or the
potential for hallucination in Al-generated medical advice.

Finally, Gemini cannot personalize recommendations. The lack of guidance on comorbidities such as diabetes, kidney
disease, or orthostatic hypotension screening—conditions specifically addressed in guidelines—represents a systemic
limitation of the AI model.

Limitations: This study has several limitations. First, the assessment is based on a single large language model (Gemini)
and a single clinical scenario, which limits the generalizability of the results across different Al platforms or complex
patient profiles. Second, the evaluation relied on a one-time query, and Al responses may vary over time due to model
updates. Finally, the analysis did not utilize formal quantitative accuracy metrics, functioning instead as a qualitative
alignment study.

Conclusion

This study represents one of the first analyses demonstrating that a large language model (LLM) exhibits high accuracy
in providing core lifestyle modification recommendations, while showing limitations in clinical practice details such as
specific dietary patterns, resistance exercise, and follow-up protocols.

The generative Al tool Gemini was found to provide highly accurate information, synthesizing recommendations from
multiple guidelines. Specifically, it delivered largely correct responses regarding lifestyle modification strategies and
their alignment with clinical guidelines.

These findings highlight the potential of Al technologies to support health literacy and promote evidence-based
medicine. However, they also underscore the necessity for all Al-generated outputs to be wverified by a qualified
healthcare professional. Although no information in this study posed a risk of hallucination, the possibility of Al-
generated inaccuracies always exists. Therefore, information obtained from Al tools should always be compared with
up-to-date, reliable clinical guidelines published by expert organizations (e.g., ESH/ESC, TKD) and must be reviewed
and confirmed by a physician. Despite the convenience of digital tools, evidence-based medicine remains the cornerstone
of patient safety.

Future research should evaluate the personalization capabilities of different LLMs when provided with patient-specific
comorbidities and risk factors.
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ABSTRACT
Objective: This study aimed to assess burnout levels among sixth-year medical students using the Turkish version of the

Copenhagen Burnout Inventory (CBI) and to examine its association with lifestyle and occupational factors, including
sleep, physical activity, dietary habits, and career-related intentions.

Methods: This single-center, cross-sectional study was conducted among sixth-year medical students at Erzincan Binali
Yildimm University Faculty of Medicine during the 2025-2026 academic year. Data were collected using a
sociodemographic and lifestyle questionnaire and the Turkish version of the CBI. Burnout was evaluated across three
domains: personal, work-related, and patient-related burnout. Statistical analyses included t-tests, ANOVA, non-parametric
tests, and Spearman correlation analysis.

Results: A total of 56 students participated in the study. The mean scores for personal, work-related, and patient-related
burnouts were 68.60 + 18.07, 60.71 (17.86), and 58.33 (25.00), respectively, indicating predominantly moderate-to-high
burnout levels. Sleep duration, physical activity frequency, and exercise duration were negatively correlated with all
burnout dimensions. Perceived dietary status was significantly associated with burnout levels. Additionally, intention to
pursue specialty training and take the Turkish Medical Specialization Exam (TUS) was significantly related to personal
burnout. No significant association was found between gender or living arrangement and burnout levels.

Conclusion: Medical students demonstrated considerable levels of burnout, which were sigmficantly associated with
modifiable lifestyle factors such as sleep, exercise, and dietary habits, as well as career-related stressors. These findings
highlight the importance of early preventive interventions that target lifestyle modifications and psychological support to
reduce burnout and improve academic performance and future professional well-being.

Keywords: Burnout syndrome; Medical students; Copenhagen Burnout Inventory; Lifestyle factors; Medical education

Introduction

“Burnout™ as a concept was introduced into the psychosocial literature independently by Herbert Freudenberger n 1974 and
Christina Maslach in 1976, following studies of similar psychological responses observed among individuals serving
disadvantaged groups in society (1). Today, burnout is included by the World Health Organization within the International
Classification of Diseases 11th Revision and is classified as an occupational syndrome, being evaluated separately from
psychiatric disorders such as depression and stress (2). According to Herbert Freudenberger, “burnout™ is a term that
describes wear and tear, failure, and loss of function in an individual as a result of demands placed beyond normal limits in
relation to existing resources, expended effort, or consumed energy. It manifests itself through many different symptoms,
the characteristics and severity of which vary from person to person. Burnout is more commonly observed in individuals
who do not remain passive, who have a strong sense of responsibility, who strive to meet the needs of others, and who are
giving and devoted to their work. This is because those who act with a sense of dedication tend to work much more
intensely, for longer periods, and often more than others (3).

The concept of burnout can also be applied to activities that, although not part of a formal work environment, share similar
demanding, structured, and goal-oriented characteristics. From this perspective, even though students are not formally
employed, bumout can still develop in this group. This 1s because attending classes, completing challenging tasks within a
planned framework, taking exams, and striving for academic achievement all carry work-like demands that may lead to
burnout (4). Students studying in the field of healthcare are more prone to stress and burnout compared to their peers in
other disciplines (5). Gaining admission to medical school through demanding exams and intense competition with peers,
adapting from preclinical education to clinical training where patients with poor prognoses are encountered, and
continuously striving to achieve a high level of professional competence can all contribute to significant academic burnout
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among medical students. (6). Medical students experiencing burnout show higher rates of academic failure, absenteeism,
and dropout, and are more likely to develop unprofessional attitudes. They may also engage more frequently in risky
behaviors such as drug, alcohol, and tobacco use (7). Early-career burnout in healthcare professionals can lead to reduced
empathy, increased emotional distancing, and a weaker patient-centered approach, ultimately lowering patient satisfaction
and adherence to treatment. Moreover, burnout may increase clinical errors and compromise patient safety. (5). However,
due to their professional position and the fear of being stigmatized, medical students are significantly less likely to seek help
for their burnout (7). Therefore, developing interventions to reduce burnout during the early stages of healthcare education
is important for improving both academic success and future patient care (5). It has been reported that chronic stress
experienced by individuals with burnout can affect both food intake and dictary preferences, leading to behaviors such as
overeating as well as undemutrition. Burnout has also been linked to an increased risk of chronic conditions such as
cardiovascular diseases, type 2 diabetes and obesity, often associated with poor dietary habits and unhealthy lifestyles. (8).

When we examine the literature, we see that, until the 2000s, burnout syndrome was investigated in many studies using the
MBI, which was the first developed inventory (9). However, over time, the dimensions, content, and conceptual validity of
the burnout construct began to be debated, and in order to address the limitations of the MBI, alternative instruments such as
the Oldenburg Burnout Inventory (OLBI) (10) and the Copenhagen Burnout Inventory (CBI) (1) were developed (11). The
Copenhagen Burnout Inventory (CBI) was developed by Kristensen and colleagues. The CBI consists of three separate
subscales that can be used in different contexts: personal burnout, work-related burnout, and client- or patient-related
burnout. These subscales measure burnout in distinct but related domains (9, 12).

Routine work, occasionally interrupted by complex and urgent tasks, can increase the risk of burnout, especially when
combined with a low sense of autonomy. This situation may leave individuals feeling constantly pressured and trapped, with
insufficient opportunities for rest and recovery. In the context of physicians and medical students, it also presents a
significant challenge to remain both empathetic and supportive while simultancously maintaining a technical and
professional approach (13). In light of this knowledge, this current study aims to assess burnout levels among sixth-year
medical students using the Turkish version of the CBI, and to identify the lifestyle and occupational factors associated with
burnout. We believe that the findings obtained will contribute to the development of preventive strategies for burnout among
medical students and, when necessary, to the planning of mental health interventions.

Methods

Study design and setting

This single-center, cross-sectional questionnaire-based study was conducted among sixth-year medical students enrolled in
the Faculty of Medicine of Erzincan Binali Yildinm University during the 2025-2026 academic year. The study was
designed to evaluate burnout levels and examine their associations with selected sociodemographic and lifestyle-related
variables.

Participants

The target population consisted of sixth-year medical students aged 18 years or older. Students who agreed to participate
and completed the study questionnaire were included. Those who declined participation were excluded. A minimum sample
size of 49 participants was calculated using a finite population correction formula based on a source population of 120

students, a 90% confidence level, a 10% margin of error, an assumed proportion of 0.50, and an additional allowance for
10% potential data loss.

Data collection

Data were collected using two instruments: a researcher-developed questionnaire based on the literature and the Turkish
version of the Copenhagen Burnout Inventory (CBI). The researcher-developed form included questions on
sociodemographic characteristics and lifestyle-related factors, such as sex, living arrangement, perceived nutritional status,
sleep duration, number of main meals, exercise frequency and duration, intention to take the TUS examination, intention to
pursue specialty training, and preferred specialty field. Before questionnaire administration, written informed consent was
obtained from all participants.

Burnout assessment

Burnout was assessed using the Copenhagen Burnout Inventory, originally developed by Kristensen et al. (1) and adapted
mto Turkish by Bakoglu et al (9). The inventory consists of 19 items and three subdomains: patient-/client-related burnout
(6 items), work-related burnout (7 items) and personal burnout (6 items) (11). Personal burnout indicates the individual’s
level of psychological and physical exhaustion. Work-related burnout determines whether the physical and psychological
fatigue and exhaustion experienced by the individual are caused by work-related factors or other factors. Client-related
burnout defined as the perception of individual’s long-term psychological and physical exhaustion and fatigue in relation to
their work involving face-to-face interaction with clients/recipients of service (12). Each item is scored on a five-point scale,
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and responses are converted to: always (100), often (75), sometimes (50), rarely (25), and never (0). For each sub-
dimension, item scores are summed and then divided by the number of items to obtain the average. Producing scores on a
scale from 0 to 100, where higher values reflect greater levels of burnout. For descriptive categorization, scores were
interpreted as high (75-100), moderate (50-74), low (25-49) and very low (0-24) burnout (11).

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 25.0. Distributional assumptions were evaluated with
the Kolmogorov-Smirnov test. Continuous variables with normal distribution were summarized as mean + standard
deviation, whereas non-normally distributed variables were summarized as median and interquartile range. Categorical
variables were presented as numbers and percentages. Group comparisons were performed using the Independent-Samples
T test or one-way analysis of variance for normally distributed variables, and the Mann—Whitney U test or Kruskal-Wallis

test for non-normally distributed variables, as appropriate. Associations between continuous variables were assessed using
Spearman correlation analysis. A two-sided p-value of less than 0.05 was considered statistically significant.

Ethical approval
Ethical approval for the study was obtained from the Erzincan Binali Yildinm University Non-Interventional Clinical

Research Ethics Committee on 19.02.2026 (Decision No: 2026-04/11). Written informed consent was obtained from all
participants, and the study was conducted in accordance with the Declaration of Helsinki.

Results

A total of 56 medical students were included in the analysis. Of these, 42 (75.0%) were male, and 14 (25.0%) were female.
Regarding perceived nutritional status, 33 participants (58.9%) described their diet as neither healthy nor unhealthy, while
12 (21.4%) reported a healthy diet, 9 (16.1%) an unhealthy diet, and 2 (3.6%) a very unhealthy diet. In terms of living
arrangement, 28 students (50.0%) were living with roommates, 20 (35.7%) with their families, and 8 (14.3%) alone. Most
participants reported that they intended to take the TUS examination (89.3%) and pursue specialty training (89.3%). The
most commonly preferred specialty field was basic sciences (39.3%), followed by internal medicine (32.1%) and surgical
sciences (26.8%) (Table 1).

For lifestyle characteristics, the mean sleep duration was 7.09 = 1.08 hours, the mean number of main meals per day was
2.63 £0.52, the mean number of exercise days per week was 1.66 + 1.49, and the mean exercise duration was 74.11 + 80.81
minutes (Table 1).

Table 1. Sociodemographic and lifestyle characteristics of the participants (n = 56)

Variable

Agellifestyle-related continnous variables

Sleep duration (hours), mean + 5D 7.09 + 1.08
Main meals per day, mean + SD 2.63 £0.52
Exercise days per week, mean = SD 1.66 £ 1.49
Exercise duration (minutes), mean £ SD 74.11 = 80.81
Gender, n (%)

Female 14 (25.0)
Male 42 (75.00)
Perceived nutritional status, n (%)

Healthy 12(21.4)
Neither healthy nor unhealthy 33 (58.9)
Unhealthy 9(l6.1)
Very unhealthy 2(3.6)
Living arrangement, n (%a)

Living alone 8(14.3)
Living with roommates 28 (50.0)
Living with family 201(35.7)
Intention to take TUS, n (%)

Yes 50 (89.3)
Undecided 5(8.9)
No 1(1.8)
Intention to pursue specialty training, n (%)

Yes 50 (89.3)
Undecided 5(8.9)
No 1(1.8)
Preferred specialty field, n (%)

Basic sciences 22(39.3)
Internal medicine 18 (32.1)
Surgical sciences 15(26.8)
No intention 1(1.8)
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As shown in Table 2, responses to the Copenhagen Burnout Inventory items indicated that exhaustion-related symptoms
were common among participants. The highest proportions of often/always responses were observed for feeling worn out,
physical exhaustion, emotional exhaustion, exhaustion at the end of the workday, and general fatigue, whereas responses for
some other items were more concentrated in the sometimes category.

Table 2. Frequency distribution of responses to Copenhagen Burnout Inventory items

Never n Rarely n Sometimes n Often n Always n

(%) (%) (%) (%) (%

Do you think you give more than you receive when working with your clients/patients? 0 (0.0) & (14.3) 23(41.1) 15(26.8) 10(17.9)
Do you feel burned out because of your job? 0 (0.0} 4(7.1) 19(33.9) 22(39.3) 11 {19.6)
Dwoes working with your clients/patients consume your energy? 0 (0.0) 0(0.0) 23 (41.1) 22(39.3) 11 (19.6)
Is vour job emotionally draining? 0 (0.0) 2 (3.6) 15 (26.8) 25 (44.6) 14 (25.0)
Is it difficult for you to work with yvour clients/patients? 0 (0.0} 7(12.5) 2341.1) 16(28.6) 10(17.9)
Does your job overwhelm you? 0 (0.0) 3(54) 19(33.9) 19(33.9) 15 (26.8)
Do you find it exhausting to work with your clients/patients? 0 (0.0) 2(3.6) 200(35.7) 20(35.7) 14 (25.0)
Do you think that every hour vou work is tiring for you? 0 (0.0) 20(35.7) 23 (41.1) 354 10(17.9)
How often do vou feel worn out? 0 (0.0) 1(54) 8(14.3) 28 (50.0) 17(30.4)
t[i):’e}':?u find the strength to spare enough time for your family and friends in your non-work 5(8.9) 15 (26.8) 27 (48.2) 8 (14.3) 1(18)

Do you ever think about how long vou can continue to work with yvour clients/patients? 0 (0.0} 12 (21.4) 26(46.4) 9(16.1) 9{16.1)
Do you wake up in the moming and feel exhausted at the thought of "one more working day"? 0 (0.0) 15 (26.8) 21(37.5) 12(21.4) 8(14.3)
How often do you feel physically exhausted? 0 (0.0) 4(7.1) 11(19.6) 20(35.7) 21(37.5)
How often do you feel emotionally exhausted? 2 (3.6) 2 (3.6) 15 (26.8) 19(33.9) 18 (32.1)
How often do you feel weak and unresistant to diseases? 2(3.6) 14 (25.0) 19(33.9) 13(23.2) 8 (14.3)
Do you feel burnt out at the end of the workday? 0 (0.0) 2(3.6) 13(23.2) 22 (39.3) 19(33.9)
How often do vou think "I can't take it anymore"? 0 (0.0) 20(35.7) 23(41.1) 4(7.1) 9 (16.1)
Tired of working with your clients/patients? 2 (3.6) 6 (10.7) 28 (50.0) 10(17.9) 10(17.9)
How often do you feel tired? 0 (0.0) 1(1.8) 6(10.7) 26 (46.4) 23 (41.1)

Personal burnout score was 68.60 = 18.07, work-related burnout score was 60.71 (17.86), and patient-related burnout score
was 58.33 (25.00). The distribution of participants across burnout severity categories is presented in Table 3. Most
participants were classified as having moderate burnout across all three domains, followed by high burnout, while low and
very low levels were less frequent (Table 3).

Table 3. Distribution of burnout levels among participants (n = 56)

Burnout domain Very low n (%) Low n (%) Moderate n (%) High n (%)
Personal burnout 1(1.8) 5(%.9) 30 (53.6) 20(35.7)
Waork-related burnout — 9(16.1) 35 (62.5) 12 (21.4)
Patient-related burnout - 12 (21.4) 29 (51.8) 15 (26.8)

As shown in Table 4, personal burnout score differed significantly according to nutritional status (p = 0.019), intention to
take the TUS examination (p = 0.021), mtention to pursue specialty training (p = 0.021), and preferred specialty field (p =
<0.001). Work-related burnout differed significantly according to preferred specialty field (p = 0.004), whereas patient-
related burnout differed significantly according to nutritional status (p = 0.046) and preferred specialty field (p = 0.003). No
significant differences were observed according to gender or living arrangement across the three burnout domains.

Spearman correlation analysis showed that sleep duration was negatively correlated with all three burnout domains,
including personal burnout (r = -0.387, p = 0.003), work-related burnout (r = -0.373, p = 0.005), and patient-related burnout
(r=-0.371, p = 0.005). Exercise frequency and exercise duration were also negatively correlated with personal and work-
related burnout, whereas the number of main meals was not significantly associated with burnout scores (p = 0.116, p =
0.078, p = 0.142). In addition, the three burnout domains were strongly and positively correlated with one another, with the
strongest association observed between work-related and patient-related burnout (r = 0.905, p < 0.001). (Table 5)
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Table 4. Comparison of burnout domains according to participant characteristics

- Personal burnout score, mean Work-related burnout, mean Patient-related burnout, mean

ISSN: 3062-1704

Characteristic Category £ 8D rank rank
Gender Female 14 66.96 = 18.88 25.86 25.14
Gender Male 42 69.15+17.99 2938 29.62
Gender p-value 0.699 0.482 0.371
Nutntional status Healthy 12 6528 £ 11.56 22,13 24.00
Nutritional status Neither healthy nor 5 65.53 £ 18.47 27.42 26.48

unhealthy

Nutritional status Unhealthy 9 77.31£17.57 36.17 36.56
Nutritional status Very unhealthy 2 100.00 + 0.00 50.00 52.50
Nutntonal status p-value 0.019 0.057 0.046
Living arrangement Living alone 8 61.46 = 17.64 31.00 30.50
Living arrangement Living with roommates 28 68.60 £ 19.76 28.80 29.02
Living arrangement Living with family 20 7146+ 15.66 27.08 26.98
Living arrangement p-value 0.424 0.838 0.849
Intention to take TUS Yes 50 66.42 = 17.10 2695 26.89
Intention to take TUS Undecided 5 84.17£17.28 39.70 39.80
Intention to take TUS No 1 100.00 50.00 52.50
Intention to take TUS p-value 0.021 0.101 0.078
Intention to pursue specialty Yes 50 6642+ 17.10 26.95 26.89
training
Intention to pursue specialty Undecided 5 84.17+17.28 39.70 39.80
training
Intention to pursue specialty No 1 100.00 50.00 52.50
training
Intention to pursue specialty p-value 0.021 0.101 0.078
training
Preferred specialty field Basic sciences 22 TEO8 + 15.88 35.68 36.14
Preferred specialty field Internal medicine 18 64.81 £13.12 27.81 26.94
Preferred specialty field Surgical sciences 15 5583+16.20 17.37 17.57
Preferred specialty field No intention 1 100.00 50.00 52.50
Preferred specialty field p-value <0.001 0.004 0.003

Table 5. Spearman correlations between lifestyle variables and burnout scores

Variable
1. Sleep duration —

. r={0.462
2. Main meals/day 5<0.001 —
. i r=0.384 =0.309
3. Exercise days/week p=0.003 p=0.021 —
4. Exercise duration riUJSS r=_|l222 =0.950 —
p=0.007 p=0.100 p<0.001
5. Personal burnout r=-0.387 r=-0.213 r=-0.302 r=-0.355 o
: p=0.003 p=0.116 p=0.024 p=0.007
r=-0.373 r=-0.237 r=0.281 =-0.313 r=0.782
(e s p=0.005 p=0.078 p=0.036 p=0.019 p=<0.001 -
7 Patient-related burmnout r=-0.371 r=-0.199 r=-0.229 r=0.249 r=0.734 r=0.905 o
‘ p=0.005 p=0.142 p=0.089 p=0.064 p<0.001 p=<0.001

Discussion

This study evaluated burnout levels among sixth-grade medical students and their association with lifestyle and occupational
factors. The findings demonstrate a considerable burden of moderate-to-high burnout among participants, with significant
assoclations observed between burnout and modifiable lifestyle factors, including sleep duration, physical activity, pursuing
specialty training, and dietary habits.

In the present study, most participants were classified within the moderate burnout category, followed by the high burnout
category. This finding aligns with prior studies demonstrating a high prevalence of burnout among medical students and
early-career physicians, particularly during clinical training periods when workload, emotional demands, and time pressure
mcrease significantly (14). In another study, it was found that depersonalization and burnout levels were significantly more
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prevalent among medical students and residents compared to their age-matched peers studying non-medical fields (15).
These findings highlight that burnout is a common and persistent issue throughout medical education.

According to studies in the literature, adequate sleep and regular exercise improve learning and memory (16,17); however,
there are also findings showing that the duration of sleep and exercise progressively decreases during medical education
(18). Furthermore, 1t has been reported that irregular physical activity and sufficient sleep patterns contribute to a higher
prevalence of depression and anxiety among individuals (19,20). Medical training is often characterized by irregular
schedules and sleep deprivation, which may further exacerbate psychological distress (21). Reduced sleep has been
consistently associated with impaired cognitive performance, reduced stress tolerance, and emotional dysregulation, all of
which may contribute to the development of burnout (22,19). In a previous study, it was found that academic staff and
medical students with good sleep quality had lower levels of burnout across patient-related, work-related and personal
domains. Given that insufficient sleep among healthcare workers increases not only burnout but also the frequency of
adverse safety outcomes, it follows that efforts are needed to improve sleep quality (23). Aligning with these findings, sleep
duration showed a significant negative correlation with all burnout dimensions, additionally physical activity was negatively
correlated with work-related and personal burnout dimensions in this study. And low levels of exercise frequency and
duration, further emphasize the sedentary lifestyle commonly observed in our participants of the current study.

Dietary habits also appeared to play a role in burnout levels. A substantial proportion of participants reported neither healthy
nor unhealthy dietary patterns, and nutritional status was significantly associated with burnout domains. Anxiety and
depression are among the most prevalent chronic psychiatric conditions (24). A previous study demonstrated a negative
correlation between individuals’ perceived dietary adequacy and their levels of burnout (25). Although our study found no
correlation between the number of daily main meals and the burnout subdimensions, we observed that in our sample,
individuals who reported having an unhealthy dietary pattern exhibited higher levels of personal burnout and patient-related
burnout.

Regarding occupational factors of the current study, intention to take the TUS examination and pursue specialty training was
significantly associated with personal burnout. This finding suggests that future career expectations and exam-related stress
may contribute substantially to psychological exhaustion among medical trainees. In a previous study, 14.1% of physicians
reported that they would “probably” or “definitely”” not choose to become physicians again if given the opportunity, while
7.1% stated that they would not choose the same specialty if they could reconsider their specialty and career choice.
Furthermore, burnout levels were found to differ significantly across specialties during the second year of residency training
(26). Additionally, significant differences in burnout levels across specialty preferences indicate that certain specialties may
involve higher emotional and workload demands, which have been reported in previous studies as well (14,15). In the
literature, 1t has been shown that students with high emotional exhaustion tend to prefer specialties with more controllable
lifestyles, while those with a low sense of personal accomplishment tend to choose higher-income specialties. Current
evidence suggests that burnout may affect both the distribution and size of the physician workforce, thereby indirectly
reducing access to healthcare services (13).

In the literature, burnout levels have been reported to be significantly higher among students living away from their families
during faculty education compared to those living with their families (25). Furthermore, living independently and
experiencing social isolation have been found to be significantly associated with increased burnout and psychological
distress (27). However, this study did not identify a significant relationship between living arrangements and burnout levels.
This suggests that social environment alone may not be sufficient to buffer against burnout, and that perceived stress and
individual coping strategies may play a more dominant role.

In the study conducted by Kristensen and colleagues during the development of the Copenhagen Burnout Inventory (CBI),
the subdimensions of burnout were designed to be evaluated as distinct constructs that do not completely overlap; however,
they were found to be significantly interrelated. Furthermore, the moderate correlations observed between baseline and
three-year follow-up measurements indicate that burnout demonstrates partial temporal stability and suggest that early levels
of burnout may be predictive of burnout levels in later periods (1). Our findings in this study reveal strong positive
correlations among all three burnout dimensions, indicating that burnout is a multidimensional but interrelated construct.
Particularly strong associations between work-related and patient-related burnout suggest that clinical workload and patient
mteraction jointly contribute to overall exhaustion.

It should also be acknowledged that some subgroup analyses included very small sample sizes, specifically the “no intention
for TUS (n=1), specialty training (n=1)" and *“very unhealthy perceived nutritional status (n=2)" groups. These small
numbers limit the statistical reliability and interpretability of comparisons; therefore, results from these subgroups should be
mterpreted with caution. Accordingly, no firm conclusions were drawn, and these findings were reported descriptively.

Although support obtained from the social environment and problems related to daily life are associated with burnout,
lifestyle factors are considered to be the most easily modifiable in terms of intervention (10). Overall, the present findings
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suggest that burnout among medical students is influenced not only by occupational demands but also by lifestyle behaviors
such as sleep, exercise, and diet. Therefore, preventive strategies should adopt a holistic approach that addresses both
academic workload and lifestyle modification.

Limitations

This study has several limitations. First, its cross-sectional design limits the ability to draw causal conclusions, permitting
only the identification of associations; therefore, longitudinal studies are required to better understand temporal
relationships. Second, the research was conducted with a relatively small sample size (n = 56) in a single medical faculty,
which substantially limits the generalizability of the findings to broader populations; thus, the results should be interpreted
with caution. Third, the use of self-reported questionnaires may be subject to recall bias and social desirability bias. Fourth,
important factors such as personality traits, academic performance, financial stress, and mental health history were not
assessed. Finally, the single-time-point assessment does not capture fluctuations in burnout overtime across different
training stages. Despite these limitations, the study provides useful preliminary evidence on burnout and its association with
modifiable lifestyle factors among medical students.

Conclusion

This study demonstrates that medical students experience high levels of burnout, which appear to increase with the growing
demands of medical education and are negatively associated with healthy lifestyle behaviors. Regular physical activity,
perceived healthy diet, and adequate sleep were identified as key protective factors. These findings align with existing
literature and suggest that adopting a healthy lifestyle is important for building resilience against burnout. Overall, the
results provide useful insights for developing preventive strategies to reduce burnout among medical students. Medical
schools should implement comprehensive, multi-level mental health and well-being interventions, including counseling
services, peer supported stress management training, and mentorship programs, while ensuring that academic staff can
identify burnout early and promote work-life balance. Future studies should include longitudinal designs and multi-center,
larger samples to better clarify the relationship between burnout and quality of life and to evaluate long-term intervention
effects.
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ABSTRACT

Musculoskeletal disorders prevalent in the elderly lead to chronic pain and functional limitations, reducing quality of life,
and the side effects of systemic medications pose a significant problem. Therefore, mesotherapy, as an altemative or
complementary treatment method involving local injection of low-dose medications, is gaining increasing attention. Studies
report the analgesic efficacy of mesotherapy in lumbar and cervical pain, osteoarthritis, tendinopathies, and myofascial pain
syndromes, but also report local side effects and, although rare, systemic side effects. In conclusion, while mesotherapy can
provide symptomatic relief in elderly patients, standardized protocols, appropriate patient selection, and large-scale
randomized trials determining long-term safety are needed.

Keywords: Mesotherapy, musculoskeletal disorders, side effect

Dear Editor,

Musculoskeletal disorders are significant medical problems characterized by chronic pain and functional
limitations. They particularly affect the quality of life of older individuals. Treatment for these disorders typically
involves pharmacological agents, physiotherapy, and interventional methods. In older individuals with additional
diseases affecting organs such as the heart, kidneys, and liver, the risk of side effects from systemic use of
pharmacological agents recommended for their disorders is relatively high. Therefore, in recent years, interest in
mesotherapy has increased as an alternative or complementary method to traditional treatments (1).

Mesotherapy is a technique based on the intradermal or subcutaneous application of local anesthetics, non-
steroidal anti-inflammatory drugs (NSAIDs), corticosteroids, muscle relaxants, vasodilators, vitamins, and various
biological agents in low doses, delivered in repeated injections. Studies report analgesic efficacy in
musculoskeletal pain syndromes, including lower back and neck pain, osteoarthritis, tendinopathies, and
myofascial pain syndromes (2). However, the literature on mesotherapy's side effects 1s limited.

The most frequently reported side effects associated with mesotherapy are local reactions. Mild side effects such
as pain, erythema, edema, ecchymosis, induration, and transient hypersensitivity at the injection site have been
described. However, more serious local complications are also reported in the literature. Cases of cellulitis,
abscesses, granulomatous reactions, and skin necrosis have been reported following mesotherapy performed under
unsuitable aseptic conditions (3).

Systemic side effects are considered rare in mesotherapy (4, 5). However, dizziness, nausea, hypotension, and
cardiovascular side effects have been reported due to the entry of local anesthetics and NSAIDs into the systemic
circulation via microcirculation (6). The presence of advanced age, cardiovascular disease, and multiple drug use
is a clinical condition that should be considered in terms of such side effects (7). However, the number of
prospective and randomized controlled trials evaluating the long-term systemic safety of mesotherapy is quite
limited.

In conclusion, while mesotherapy can provide symptomatic relief for musculoskeletal disorders, particularly in
elderly individuals, its side effects should be carefully evaluated. A large proportion of the complications reported
in the literature are related to the lack of standardized protocols, the variety of agents used, and variations in
practitioner experience. Therefore, mesotherapy applications should be performed in accordance with evidence-
based guidelines, with appropriate patient selection, and by trained healthcare professionals. We also recommend
randomized controlled trials with large sample sizes and long-term follow-up to demonstrate the effectiveness and
safety of mesotherapy clearly.
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ABSTRACT
Atherosclerotic Cardiovascular Disease (ASCVD) remains one of the leading causes of morbidity and mortality worldwide,
representing a major public health concern. Artificial Intelhgence (Al) and Machine Learning (ML) technologies are

increasingly advancing the diagnosis, prediction, and management of ASCVD, offering significant advantages over
traditional statistical methods. Al systems are capable of processing complex and heterogeneous data sources—such as
Electronic Health Records (EHRs), imaging data (CCTA, CMR), and genetic information—to detect early indicators of
subclinical atherosclerosis, identify plaque wvulnerability, and predict major adverse cardiovascular events (MACE).
Commonly used ML models in this field include Logistic Regression, Random Forests, and Convolutional Neural
Networks. However, as these models are typically trained on static datasets, their performance may deteriorate when data
distributions shift over time (concept drift). Data quality issues in EHRs and the high computational cost of retraining
further limit widespread adoption.

To address these limitations, Incremental Learning (IL) has emerged as a promising approach. IL enables models to
continuously learn from new data while retaining previously acquired knowledge. This adaptability allows for dynamic
integration of evolving ASCVD risk factors, diagnostic criteria, and updated clinical guidelines—Ileading to more accurate
and personalized risk predictions while optimizing computational resources. Nonetheless, incremental learning carries the
risk of catastrophic forgetting, where models lose previously learned information when adapting to new data, posing a
critical challenge in clinical settings. Future research should focus on advanced strategies such as experience replay to
mitigate this issue and ensure the reliability of continuously learning Al systems in ASCVD management.

This text examines the application of Incremental Leamning in ASCVD while adhering to the SANRA criteria for assessing
the quality of narrative review articles.

Keywords: incremental learning, artificial intelligence, atherosclerotic cardiovascular disease

Introduction

Atherosclerotic Cardiovascular Disease (ASCVD) is one of the leading causes of morbidity and mortality globally and a
significant public health challenge worldwide. Machine learning and artificial intelligence (AI-ML) has had continuous
progress within the healthcare space, making way for new opportunities in diagnosis, prediction, and management of
complex diseases such as atherosclerotic cardiovascular disease (ASCVD) (1). Al has a significant edge over traditional
statistical methods by its capabilities to process and analyse large and complex medical data sets. This is especially relevant
with regard to ASCVD, in which there are a multitude of related factors contributing to both disease initiation and disease
progression. The non-linear relationships and high dimensionality found in biomedical data present challenges to more
traditional statistical methods. In contrast, traditional statistical approaches struggle to capture these intricate relationships,
whereas Al algorithms—particularly, deep learning architectures—are purposefully constructed to learn these relationships,
potentially resulting in more accurate and more tailored predictive models for ASCVD.

The transformative potential of Al in cardiovascular disease management is increasingly evident, particularly in its capacity
to significantly improve diagnostic accuracy, enhance the precision of disease prediction, optimize the efficiency of
healthcare workflows, and facilitate the strategic allocation of medical resources (1). Despite these advancements,
traditional Al models encounter inherent limitations and challenges when applied to ASCVD. These include issues related
to the availability and quality of relevant data, the ability of models to adapt to continuously changing data distributions over
extended periods, and the considerable computational resources frequently required for their training and deployment. To
address these challenges, incremental learning has emerged as an innovative and promising approach. This technique
enables Al models to continuously learn from new streams of data without necessitating a complete retraining process from
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