
  
 
 

483 
 

Vol. 8, Issue 2, August 2026, pp 483-499 
 https://doi.org/10.36590/jika.v8i2.2069 

http://salnesia.id/index.php/jika 
jika@salnesia.id, p-ISSN: 2337-9847, e-ISSN: 2686-2883 

Penerbit: Sarana Ilmu Indonesia (salnesia) 
 
 
 

 
 
 

Sleep Quality, Physical Activity, and Burnout with Short-Term 
Memory among Medical Students 

 Kualitas Tidur, Aktivitas Fisik, dan Burnout dengan Memori  
Jangka Pendek pada Mahasiswa Kedokteran 

N Juni Triastuti1*, Yassmalitha Odya Suwondo2 , Erna Herawati3 

           1Department of Medical Education, Faculty of Medicine, Universitas Muhammadiyah Surakarta, 
Surakarta, Indonesia 

            2Medical Study Program, Faculty of Medicine, Universitas Muhammadiyah Surakarta, Surakarta, 
Indonesia 

           3Department of Psychiatry, Faculty of Medicine, Universitas Muhammadiyah Surakarta, Surakarta,  
Indonesia 

 
Abstract 

 
Short-term memory serves as a temporary information storage system and plays a crucial role in 
supporting the learning processes of medical students. This study aimed to examine the 
association between sleep quality, physical activity, and burnout with short-term memory 
among medical students. An analytical observational design with a cross-sectional approach was 
applied, and 284 medical students from the Faculty of Medicine, Universitas Muhammadiyah 
Surakarta were selected using a proportionate stratified random sampling technique. Data 
collection was conducted using validated questionnaires (Pittsburgh Sleep Quality Index, Global 
Physical Activity Questionnaire, and Maslach Burnout Inventory-Student Survey) and the 
Scenery Picture Memory Test (SPMT). Data were analyzed using descriptive statistics, Chi-
square tests, and robust Poisson regression to identify factors independently associated with 
short-term memory. The results showed that the majority of students (53.2%) had good short-
term memory. Bivariate analysis indicated that sleep quality (p = 0.028), physical activity (p = 
0.046), and burnout (p = 0.015) were significantly associated with short-term memory. 
However, robust Poisson regression analysis revealed that only burnout remained significantly 
associated with short-term memory (p = 0.022). The pseudo R-square value of 0.060 indicated 
limited explanatory power of the model, suggesting that other unmeasured factors may also 
contribute to short-term memory performance. Short-term memory in medical students is 
influenced by multiple factors, with burnout identified as the main determinant. Therefore, the 
prevention and management of burnout should be prioritized, along with the adoption of healthy 
sleep patterns and regular physical activity to support cognitive health and academic 
performance. 
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Abstrak 
 
Memori jangka pendek berfungsi sebagai sistem penyimpanan informasi sementara dan 
memainkan peran penting dalam mendukung proses pembelajaran mahasiswa 
kedokteran. Penelitian ini bertujuan untuk menganalisis hubungan antara kualitas tidur, 
aktivitas fisik, dan burnout dengan memori jangka pendek pada mahasiswa 
kedokteran. Penelitian ini menggunakan desain observasional analitik dengan pendekatan 
cross-sectional dan melibatkan 284 mahasiswa Fakultas Kedokteran Universitas 
Muhammadiyah Surakarta yang dipilih menggunakan teknik proportionate stratified random 
sampling. Pengumpulan data dilakukan menggunakan kuesioner yang tervalidasi (Pittsburgh 
Sleep Quality Index, Global Physical Activity Questionnaire, dan Maslach Burnout Inventory-
Student Survey) serta Scenery Picture Memory Test (SPMT). Analisis data menggunakan 
statistik deskriptif, uji Chi-square, dan regresi Poisson robust untuk mengidentifikasi faktor-
faktor yang berhubungan secara independen dengan memori jangka pendek. Hasil penelitian 
menunjukkan bahwa sebagian besar mahasiswa (53,2%) memiliki memori jangka pendek yang 
baik. Analisis bivariat menunjukkan bahwa kualitas tidur (p = 0,028), aktivitas fisik (p = 
0,046), dan burnout (p = 0,015) berhubungan signifikan dengan memori jangka pendek. 
Namun, analisis regresi Poisson robust menunjukkan bahwa hanya burnout yang tetap 
berhubungan signifikan dengan memori jangka pendek (p = 0,022). Nilai pseudo R-square 
sebesar 0,060 menunjukkan kemampuan prediksi model yang terbatas, mengindikasikan bahwa 
faktor-faktor lain yang tidak diukur juga dapat memengaruhi memori jangka pendek. Memori 
jangka pendek pada mahasiswa kedokteran dipengaruhi oleh berbagai faktor, dengan burnout 
sebagai faktor penentu utama. Oleh karena itu, pencegahan dan penanganan burnout perlu 
diprioritaskan, disertai penerapan pola tidur yang sehat dan aktivitas fisik yang teratur untuk 
mendukung kesehatan kognitif serta performa akademik. 
 
Kata Kunci: aktivitas fisik, burnout, kualitas tidur, memori jangka pendek 

*Correspondence Author: 
N Juni Triastuti, email: njt140@ums.ac.id 
 
 
 
 
 
 
 
 
 
 
 
 

 
INTRODUCTION 

 
Short-term memory is defined as memory that receives information temporarily 

for about fifteen to thirty seconds. If this information is not repeated, it will gradually 
disappear (Alzuhra, 2024). Short-term memory capacity makes an important 
contribution to the effectiveness of learning mechanisms among medical students, 
particularly in acquiring new information, integrating clinical skills, and supporting 
long-term memory performance (Lienardy et al., 2021). Adequate short-term memory 
capacity is a key component of success in medical education, as limitations in this 

This is an open access article under the CC–BY license 

Highlight: 

• Cognitive Behavioral Play Therapy (CBPT) improved emotion regulation in 
children with ADHD. 

• CBPT helped children recognize, express, and manage emotions more 
adaptively through structured play activities. 

• CBPT can be integrated into school-based psychological and nursing services to 
support emotional development in children with ADHD. 
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cognitive function may reduce learning efficiency and impair accurate clinical decision-
making (Azzam and Easteal, 2021). Globally, memory-related problems among young 
individuals remain prevalent, affecting approximately 10.7% of the youth population 
worldwide. In Indonesia, national data reported that 6.1% of adolescents experienced 
memory disturbances in 2021 (UNICEF, 2021). This condition is further supported by 
findings indicating that more than half of medical students demonstrated poor short-
term memory performance (Hasibuan et al., 2024).  

Sleep quality is a crucial factor affecting cognitive function, especially short-term 
memory. The sleep quality of medical students tends to be lower compared to students 
from other study programs, which can negatively impact academic performance, mental 
and physical health, and general well-being (Rao et al., 2020). Previous studies have 
reported a significant association between poor sleep quality and decreased short-term 
or working memory performance (Hasibuan et al., 2024; Xie et al., 2019). However, 
other studies have failed to demonstrate a significant association, demonstrating 
inconsistent findings regarding the effect of sleep quality on short-term memory 
(Febrian et al., 2021; Pöhlchen et al., 2021). 

Physical activity is widely acknowledged as a significant determinant of cognitive 
performance, particularly short-term memory. Nevertheless, medical students frequently 
encounter difficulties in achieving the recommended levels of physical exertion, 
primarily due to the rigorous demands of their academic schedules (Aritonang et al., 
2022). National health survey data in Indonesia reported that approximately 40% of 
individuals aged 20-24 years engage in low levels of physical activity. Several studies 
have found a link between physical activity and short-term memory ability. These 
findings underscore the premise that the intensity of bodily movement directly 
contributes to the operational efficiency of human memory (Andayani and Nugraha, 
2020; Zhao et al., 2024). However, other research have reported no significant 
association, suggesting that the role of physical activity in short-term memory remains 
inconclusive (Nadira and Daulay, 2022; Loprinzi, 2019). 

Burnout is a common condition among medical students and is frequently 
accompanied by psychological distress due to prolonged academic stress (A’yunin et 
al., 2023). This condition is characterized by emotional exhaustion and a high level of 
cynicism (Vincenzo et al., 2024). Accumulating empirical evidence suggests a strong 
link between burnout and cognitive impairment, particularly deficits in memory 
functioning.18 However, contrasting evidence indicates that burnout may not 
significantly affect short-term memory, highlighting ongoing debate regarding its 
cognitive impact (Cortés-Álvarez et al., 2024).  

The research gap in the existing literature is the limited simultaneous analysis of 
sleep quality, physical activity, and burnout in a single analytical model to determine 
their influence on short-term memory among medical students, particularly in the 
Indonesian context. This study is important because medical students face high 
academic pressure, increasing their vulnerability to sleep disturbances, physical 
inactivity, and burnout, all of which can simultaneously impact cognitive function, 
particularly short-term memory (Almarzouki, 2024; Gavelin et al., 2022). The novelty 
of this study lies in the simultaneous analysis of these three factors using robust Poisson 
regression to identify the most dominant determinant of short-term memory among 
medical students at Universitas Muhammadiyah Surakarta. This study differs from 
previous studies that primarily examined these factors separately or without multivariate 
analysis. Therefore, this study aims to examine the association of sleep quality, physical 
activity, and burnout with short-term memory among medical students. 
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METHODS 

 
The method used in this study is an analytical observational study with a cross-

sectional design to measure the prevalence of a phenomenon or condition. The target 
population consisted of medical students at Universitas Muhammadiyah Surakarta, 
spanning the academic cohorts of 2022, 2023, 2024, and 2025. The inclusion of the 
2025 cohort is justified as data collection was conducted from November to December 
2025, by which time these students had completed at least one semester of academic 
activities and were considered active students. To achieve a reliable estimate, the 
minimum sample size was derived in accordance with predefined statistical 
assumptions relevant to the study design. The Slovin formula was used for sample size 
calculation with a 10% dropout rate, based on the assumption of finite population 
sampling for descriptive-analytic studies. However, the use of this formula is 
acknowledged as a limitation, and future studies are recommended to use more 
advanced sample size formulas for analytical studies. This approach aimed to 
strengthen the statistical validity of the results and ensure the representation of each 
stratum (2022-2025 classes). Therefore, this study determined a sample of 284 subjects 
who were divided proportionally according to the number of students in each class 
using the proportionate stratified random sampling technique. The study took place in 
late 2025, specifically from November to December. 

The inclusion criteria for this study encompassed active medical students who 
voluntarily consented to participate. All participants were required to provide a signed 
letter of voluntary intent as formal verification of their voluntary involvement, were 
students from the 2022, 2023, 2024, and 2025 cohorts, and were in good physical, 
mental, and social health. Exclusion criteria included students with a history of 
neurological disorders, severe mental illness, recent serious physical injury, use of 
medications that affect cognitive function or sleep quality, and those who were 
unwilling or absent during data collection. 

Data were collected using validated questionnaires and a cognitive performance 
test. Data acquisition regarding sleep quality involved the administration of the 
Pittsburgh Sleep Quality Index (PSQI). This approach was utilized to derive global 
sleep scores, ensuring a reliable categorization of sleep quality among the medical 
students, a validated tool that assesses seven domains of sleep over a one-month 
interval. The PSQI instrument exhibited acceptable internal coherence across the 
composite score with a Cronbach's alpha coefficient value of 0.83, as well as high 
stability in test-retest reliability (r = 0.85) (Carpi, 2025). Participants were categorized 
based on their global PSQI scores, with values exceeding 5 identifying poor sleepers 
and scores of 5 or below reflecting good sleep quality (Jia et al., 2019). The PSQI 
instrument validated in the Indonesian context has an adequate reliability value of a 
Cronbach's alpha of 0.72 and for each item ranges between 0.69–0.72. Furthermore, 
statistical analysis revealed significant associations between individual component 
scores and the overall global score, confirming its psychometric robustness (Setyowati 
and Chung, 2021).  

The Global Physical Activity Questionnaire (GPAQ) is a research instrument 
used to measure an individual's level of physical activity in daily life, consisting of 16 
items. This standardized metric was employed to derive metabolic equivalent (MET) 
values for each respondent. This instrument has demonstrated robust reliability (κ = 
0.67-0.73) and acceptable concurrent validity when compared to accelerometer data 
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and IPAQ measurements (r = 0.226-0.672) (Abduloh et al., 2025; Panthoja and 
Wibowo,  2022; Ribeiro et al., 2024). Total physical activity was quantified in MET-
minutes per week and subsequently dichotomized into two categories comprising 
active participants (≥600 MET-minutes/week) and inactive participants (<600 MET-
minutes/week) (Mengesha et al., 2019). To measure academic burnout, this study 
utilized the Maslach Burnout Inventory-Student Survey (MBI-SS), which comprises 
15 items. Responses are measured using a seven-point scale reflecting frequency (0 = 
never; 6 = every day) to evaluate core burnout components, specifically emotional 
exhaustion, depersonalization/cynicism, and reduced academic efficacy (Olson et al., 
2025). The results of the reliability test showed that the EX, CY, and RAE subscales 
had good internal consistency (α = 0.84; 0.87; 0.88) and high test-retest reliability (r = 
0.86; 0.91; 0.89; p < 0.001) (Sahanaya et al., 2025; Wickramasinghe et al., 2018). The 
Indonesian version showed acceptable construct validity and reliability (Cronbach’s α 
= 0.756) (Sahanaya et al., 2025). Burnout was defined using the exhaustion + 1 
criterion (EX >14 combined with CY >6 or RAE ≤22). 29 The Scenery Picture Memory 
Test (SPMT) served as the primary metric for quantifying short-term memory 
capacity, a visual memory assessment in which participants were asked to observe an 
image containing 23 objects for one minute, followed by a distraction task, and 
subsequently recall as many objects as possible within three minutes. A score of ≥12 
was categorized as good short-term memory, while a score <12 indicated poor 
performance (Az Zahra et al., 2023). The SPMT has demonstrated good psychometric 
properties, with sensitivity of 84.4%, specificity of 90.7%, and high test-retest 
reliability (r = 0.898) (Krisnanda et al., 2020; Takechi and Dodge, 2010). 

Data acquisition was performed once for each subject and subjected to 
univariate, chi-square, and multivariable analysis using robust Poisson regression to 
obtain Adjusted Prevalence Ratio (PR), maintaining a statistical significance threshold 
of p < 0.05. The dependent variable (short-term memory) was coded as 1 = poor and 0 
= good. Independent variables were coded as follows: sleep quality (1 = poor, 0 = 
good), physical activity (1 = inactive, 0 = active), and burnout (1 = burnout, 0 = no 
burnout). This coding scheme was applied consistently throughout the analysis to 
ensure accurate interpretation of the Adjusted PR values. Potential confounding 
variables, including age, gender, and academic year, were controlled for in the 
multivariate model through simultaneous entry into the regression equation. The 
limited pseudo R-square value was acknowledged and discussed as an indication of the 
model's explanatory power. 

This study was carried out in accordance with recognized ethical guidelines and 
was formally approved by the Health Research Ethics Committee of the Faculty of 
Medicine, Universitas Muhammadiyah Surakarta (No. 5965/B.1/KEPK-
FKUMS/XI/2025), and documented informed consent was secured from all individuals 
prior to enrollment. 
 

RESULTS AND DISCUSSIONS 
 

Subject characteristics  
This study was conducted at Universitas Muhammadiyah Surakarta from 

November to December 2025. The total sample consisted of 284 subjects who satisfied 
the established eligibility criteria. The baseline characteristics and demographic 
distribution of the study population are summarized in Table I. This table provides a 
comprehensive overview of the participant profiles relevant to the current analysis. As 
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shown in the table, regarding the gender distribution, a significant majority of the 
participants were female (72.9%), whereas males accounted for the remaining 27.1% of 
the total sample. In terms of age distribution, the vast majority of subjects fell within the 
19–21 year old bracket, accounting for 72.9% of the total sample. This concentration 
reflects the typical age of students in the middle years of medical school. In terms of 
class, the majority of subjects came from the class of 2025 (27.8%), followed by the 
class of 2024 (25.4%), the class of 2023 (24.6%), and the class of 2022 (22.2%). This 
finding indicates that the study subjects were predominantly female students in early 
adulthood, with a relatively even distribution across academic cohorts. 

 
Table 1. Characteristics of subjects  

Characteristics n % 
Gender   
Male  77 27.1 
Female 207 72.9 
Age   
16-18 years 
19-21 years 
22-25 years 

53 
207 
24 

18.7 
72.9 
8.5 

Class   
2022 
2023 
2024 
2025 

63 
70 
72 
79 

22.2 
24.6 
25.4 
27.8 

Sumber: Data primer, 2025 
 
Short-term memory and health-related variables 

Based on Table 2, the majority of participants demonstrated good short-term 
memory, with 151 students (53.2%), while 133 students (46.8%) were classified as 
having poor short-term memory. These findings indicated that more than half of the 
participants exhibited adequate short-term memory performance, although a substantial 
proportion showed impaired short-term memory. Based on sleep quality categories, 149 
students (52.5%) were classified as having poor sleep quality, while 135 students 
(47.5%) reported good sleep quality. As shown in Table 2, more than half of the 
participants were physically inactive, totaling 153 students (53.9%). In terms of 
burnout, the majority of students were not classified as burned out, with 251 students 
(88.4%), whereas 33 students (11.6%) experienced burnout. These findings suggest that 
although most students did not experience burnout, a substantial proportion reported 
poor sleep quality and insufficient physical activity, which may contribute to cognitive 
and academic challenges among medical students. 

 
Tabel 2. Memori jangka pendek dan variabel terkait kesehatan 

Variable n % 
Short-term memory 

  

Good (≥12) 
Poor (<12) 

151 
133 

53.2 
46.8 

Kurang baik (<12) 133 46,8 
Kualitas tidur 

  

Baik (≤5) 135 47,5 
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Variable n % 
Buruk (>5) 149 52,5 
Aktivitas fisik 

  

Aktif (≥600 MET-menit/minggu) 131 46,1 
Tidak aktif (<600 MET-menit/minggu) 153 53,9 
Burnout 

  

Burnout (kriteria exhaustion + 1: EX >14 disertai CY >6 
atau RAE ≤22) 

33 11,6 

Tidak burnout 251 88,4 
Source: Primary data, 2025 
 
Bivariate analysis of sleep quality, physical activity, and burnout in relation to 
short-term memory 

The bivariate analysis presented in Table 3 reveals a statistically significant 
association between sleep quality and short-term memory performance (p = 0.028). A 
positive trend was observed where individuals with favorable sleep quality 
demonstrated enhanced short-term memory capacity compared to those reporting sleep 
disturbances. These findings suggest that sleep adequacy is a potential determinant of 
cognitive efficiency. Physical activity was also significantly associated with short-term 
memory (p = 0.046), indicating that physically active students were more likely to 
exhibit good short-term memory than inactive students. In addition, a significant 
relationship was observed between burnout and short-term memory (p = 0.015), 
suggesting that students who experienced burnout were more likely to  have poorer 
short-term memory performance than those without burnout. A statistically significant 
correlation between short-term memory, sleep quality, physical activity, and burnout 
was identified at the bivariate level within this medical student population. These 
findings provide a foundational basis for further evaluation concerning the impact of 
mental and physical health on students’ learning capacities. 

 
Table 3. Bivariate analysis of sleep quality, physical activity, and burnout on short-

term memory 

Variables 
Short-term memory 

p-value Good Poor Amount  
n % n % n % 

Sleep Quality        
Good (≤5) 
Poor (>5) 

81 
70 

28.5 
24.6 

54 
79 

19 
27.8 

135 
149 

47.5 
52.5 0.028* 

Physical Activity 
Active (≥600 MET-minutes/week) 
Inactive (<600 MET-
minutes/week) 

78 
73 

27.5 
25.7 

53 
80 

18.7 
28.2 

131 
153 

46.1 
53.9 0.046* 

Burnout 
Burnout (exhaustion + 1 criterion 
(EX >14 combined with CY >6 or 
RAE ≤22) Not burnout 

11 
140 

3.9 
49.3 

22 
111 

7.7 
39.1 

33 
251 

11.6 
88.4 0.015* 

Keterangan: *Uji Chi-square, signifikan jika p-value < 0,05 
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Multivariate analysis of sleep quality, physical activity, and burnout in relation to 
short-term memory 

The multivariate analysis using robust Poisson regression demonstrated that sleep 
quality, physical activity, and burnout were associated with short-term memory to 
varying degrees after adjustment for potential confounding variables including age, 
gender, and academic year. Sleep quality showed an Adjusted Prevalence Ratio 
(Adjusted PR) of 1.518 (95% CI: 0.934–2.465; p =0.092), indicating that participants 
with poor sleep quality had a 1.518-times higher prevalence of impaired short-term 
memory compared with those with good sleep quality. However, this association was 
not statistically significant because the p-value exceeded 0.05 and the confidence 
interval included 1 (Table 4). 
 
Table 4. Multivariate analysis of sleep quality, physical activity, and burnout on 

short-term memory using obust Poisson regression 

Variable B p-value Adjusted PR 95% CI Pseudo R 
Square 

Sleep quality 0.417 0.092 1.518 0.934–2.465 

0,060 Physical activity 0.427 0.085 1.533 0.943–2.493 
Burnout -0.905 0.022 0.405 0.186–0.879 
Constant 0.282 0.756 1.326 

 

 Note: Regresi Poisson robust; B = koefisien regresi; Adjusted PR = Adjusted Prevalence Ratio; CI = 
Confidence Interval; Pseudo R-square = 0,060 

 
Physical activity demonstrated an Adjusted PR of 1.533 (95% CI: 0.943–2.493; p 

= 0.085), suggesting that participants with lower levels of physical activity were 1.533 
times more likely to experience impaired short-term memory than those with adequate 
physical activity. Nevertheless, this association also did not achieve statistical 
significance after adjustment in the multivariate model. 

In contrast, burnout was significantly associated with short-term memory, with an 
Adjusted PR of 0.405 (95% CI: 0.186-0.879; p = 0.022). Based on the coding scheme 
where burnout was coded as 1 and no burnout as 0, and short-term memory was coded 
as 1 = poor and 0 = good, the Adjusted PR value below 1 indicates that students with 
burnout had a lower prevalence of good short-term memory compared with those 
without burnout. This inverse association indicates that higher burnout levels were 
associated with poorer short-term memory performance. 

The pseudo R square value of 0.060 indicates that the variables included in the 
model explained approximately 6.0% of the variation in short-term memory, which 
reflects limited explanatory power. This finding suggests that the majority of variation 
in short-term memory performance (94%) may be influenced by other factors not 
included in the present study, such as academic stress, nutritional status, mental health 
conditions, learning strategies, and screen time exposure. This limitation should be 
considered when interpreting the findings and highlights the need for future studies to 
incorporate additional relevant variables. 
 
Sleep quality on short-term memory 

This study examines the effect of sleep quality, physical activity, and burnout on 
short-term memory among medical students. The discussion focuses on answering the 
research hypotheses by comparing the findings with previous research and explaining 
the mechanisms underlying the observed relationships. Suboptimal sleep quality has 
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been identified as a contributing factor to decreased short-term memory efficiency, as 
demonstrated by current data. The proportion of students with poor short-term memory 
was more pronounced among individuals with poor sleep quality compared with those 
reporting good sleep quality. This consistent relationship indicates the importance of 
sleep for medical students’ cognitive function (Ampofo et al., 2025; Skourti et al., 
2023). A linear relationship between improved sleep quality and academic achievement 
has been empirically proven. Adequate sleep duration is a crucial factor in strengthening 
memory and optimizing cognitive function (Ampofo et al., 2025). The consolidation of 
memory is heavily contingent upon sleep, which provides the necessary neurobiological 
environment for information retention and integration. During slow-wave sleep, newly 
acquired information is reactivated and transferred from the hippocampus to neocortical 
regions, while rapid eye movement sleep is involved in procedural memory and 
emotional processing (Brodt et al., 2023; Barbato, 2021). Disruption of these sleep 
phases interferes with synaptic plasticity and weakens memory traces, resulting in 
impaired short-term memory performance (Yuksel et al., 2023). Diminished sleep 
quality exerts a negative influence on molecular pathways, leading to impaired 
hippocampal neurogenesis and compromised neuronal proliferative activity (Jia et al., 
2024; Wu and Zhang, 2023; Yuksel et al., 2023). Sleep deprivation has been 
documented to markedly attenuate the regulation of brain-derived neurotrophic factor 
(BDNF) expression. This specific neurotrophin serves as a vital mediator for synaptic 
plasticity, neuronal viability, and the consolidation of memory (Alruwaili and Alasmari, 
2025; Wang et al., 2024). Decreased levels of brain-derived neurotrophic factor impair 
long-term potentiation in hippocampal neurons, thereby weakening short-term memory 
encoding and consolidation processes (Chen et al., 2023; Trigo et al., 2022). These 
molecular alterations provide a plausible biological explanation for the observed 
association between poor sleep quality and impaired short-term memory. Interestingly, a 
proportion of subjects with poor sleep quality still demonstrated adequate short-term 
memory performance. This finding suggests the presence of compensatory mechanisms 
or protective factors such as resilience, effective coping strategies, or strong social 
support (Balsamo et al., 2024; Barwal and Cherian, 2024). Neurophysiological studies 
have demonstrated adaptive neural responses during sleep deprivation, indicating that 
the brain may temporarily reorganize cognitive resources to preserve performance 
despite reduced brain-derived neurotrophic factor activity (Shao et al., 2025). This 
phenomenon highlights individual variability in vulnerability to sleep-related cognitive 
impairment. 

 
Physical activity on short-term memory 

The current study further established that physical activity levels exert a 
significant influence on the subjects' short-term memory performance. This suggests 
that engagement in physical exertion is a notable correlate of immediate mnemonic 
efficiency. These findings align with previous research showing that regular physical 
activity positively impacts cognitive function, including working memory and attention 
(Andayani and Nugraha, 2020; Zhao et al., 2024). Similar results have been reported in 
systematic reviews highlighting the cognitive benefits of an active lifestyle in young 
adults (Srinivas et al., 2021). The augmentation of blood perfusion to specific brain 
regions, particularly the prefrontal cortex and the hippocampus, serves as the 
fundamental explanation for how physical activity optimizes cognitive performance 
(Octaviani et al., 2021; Renke et al., 2022). Improved cerebral perfusion enhances 
oxygen and glucose delivery, supporting neuronal metabolism and information 
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processing (Buxton, 2021). In addition, physical activity serves as a powerful inducer of 
brain-derived neurotrophic factor (BDNF) synthesis, which facilitates neurogenesis, 
synaptic plasticity, and strengthening of hippocampal neural circuits involved in short-
term memory (Cefis et al., 2023; Sadri et al., 2024). Regular physical activity has been 
shown to upregulate BDNF expression through activation of calcium-dependent 
signaling pathways and increased neuronal activity, thereby enhancing memory 
encoding and retrieval (Karakilic et al., 2021; Qi et al., 2022). Physical activity 
increases the expression of vascular endothelial growth factor (VEGF), which 
stimulates the formation of new blood vessels. VEGF itself is a key mediator in the 
process of angiogenesis, thus forming new neurovascular vessels that facilitate 
neuroplasticity mediated by BDNF. The interaction between angiogenesis and 
neurogenesis creates a positive loop that reinforces the effects of physical activity on 
cognitive function (Llorente et al., 2022). These synergistic mechanisms explain the 
beneficial association between physical activity and short-term memory observed in this 
study. However, inconsistencies exist in the literature. In contrast, several studies failed 
to observe a statistically significant relationship between physical activity engagement 
and short-term memory performance (Nadira and Daulay, 2022; Loprinzi, 2019). These 
differences may be attributed to variations in physical activity intensity, duration, and 
frequency, which influence brain-derived neurotrophic factor release to varying degrees. 
Methodological differences, particularly reliance on self-reported physical activity, may 
also contribute to inconsistent findings. 

 
Burnout on short-term memory 

Burnout showed the strongest association with short-term memory impairment in 
this study. The present findings accord with previously published evidence that burnout 
is closely linked to cognitive dysfunction, particularly in short-term memory (Cortés-
Álvarez et al., 2024). Burnout is a chronic stress condition characterized by emotional 
exhaustion, cynicism, and reduced academic efficacy (Khammissa et al., 2022; Kong et 
al., 2025). The biological expression of burnout involves dysregulation marked by 
excessive activation of the HPA axis, leading to sustained increases in stress hormone 
secretion and subsequent detrimental effects on central nervous system function 
(Correia et al., 2023; James et al., 2023). Chronic stress has been shown to suppress 
brain-derived neurotrophic factor expression across the hippocampal and prefrontal 
cortical regions, resulting in impaired synaptic plasticity and reduced cognitive 
flexibility (Bayes et al., 2021; Ciobanu et al., 2021). Decreased BDNF availability 
under chronic stress conditions contributes to hippocampal atrophy and persistent short-
term memory deficits. Burnout is also strongly associated with sleep disturbances, 
which further exacerbate reductions in brain-derived neurotrophic factor levels and 
impair memory consolidation (Qin et al., 2022). These interacting mechanisms explain 
why burnout emerged as the most dominant factor influencing short-term memory in 
this study. 

 
The combined association of sleep quality, physical activity, and burnout with 
short-term memory 

The present study demonstrated that burnout was the only variable significantly 
associated with short-term memory after adjustment using robust Poisson regression 
analysis. Based on the variable coding scheme where burnout was coded as 1 (burnout) 
and 0 (no burnout), and short-term memory was coded as 1 (poor) and 0 (good), the 
Adjusted PR of 0.405 (95% CI: 0.186-0.879; p = 0.022) indicates that students with 
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burnout had a lower prevalence of good short-term memory compared with those 
without burnout. This finding suggests that psychological exhaustion may substantially 
impair cognitive functioning among medical students. Burnout has been widely 
associated with chronic stress exposure, emotional exhaustion, and impaired executive 
functioning, all of which may negatively affect memory encoding, attention, and 
information retrieval. Prolonged activation of stress-related neuroendocrine pathways, 
particularly elevated cortisol secretion, may disrupt hippocampal activity and 
subsequently reduce cognitive performance, including short-term memory capacity. 

Although sleep quality was not significantly associated with short-term memory 
in the multivariate model, students with poor sleep quality tended to have a higher 
prevalence of impaired short-term memory compared with those with good sleep quality 
(Adjusted PR = 1.518; p = 0.092). Sleep is known to play a critical role in cognitive 
restoration, learning consolidation, and memory processing. Insufficient or poor-quality 
sleep may impair synaptic plasticity and reduce attention and working memory 
performance. The lack of statistical significance in the present study may be attributable 
to sample size limitations, variability in sleep patterns, or the influence of stronger 
psychological factors such as burnout. 

Similarly, low physical activity demonstrated a tendency toward increased 
prevalence of impaired short-term memory (Adjusted PR = 1.533; p = 0.085), although 
the association did not reach statistical significance. Regular physical activity has been 
reported to enhance cerebral blood flow, neurogenesis, and neurotransmitter regulation, 
thereby supporting cognitive function and memory performance. However, differences 
in exercise intensity, frequency, and participant lifestyle characteristics may have 
contributed to the non-significant findings observed in this study. 

The pseudo R-square value of 0.060 indicates that the independent variables 
included in the model explained only 6.0% of the variation in short-term memory. This 
limited explanatory power suggests that additional factors not examined in the current 
study, such as academic stress, nutritional status, mental health conditions, learning 
strategies, and screen time exposure, may also contribute substantially to cognitive 
performance among medical students. Future research should incorporate these 
variables to improve the predictive capacity of the model. 

In the combined analysis of sleep quality, physical activity, and burnout, burnout 
remained the most influential factor. This finding suggests that burnout may act as a 
central mediator through which sleep quality and physical activity affect cognitive 
function, partly through dysregulation of brain-derived neurotrophic factor pathways 
(Sousa and Sail, 2021; Zhai et al., 2021). Chronic stress associated with burnout may 
blunt the beneficial effects of physical activity and adequate sleep on brain-derived 
neurotrophic factor expression, leading to diminished cognitive benefits.19 These 
findings support a biopsychosocial model of cognitive health in medical students, 
emphasizing that psychological stress, lifestyle behaviors, and neurobiological factors 
such as brain-derived neurotrophic factor are closely interconnected. Scientifically, this 
study strengthens evidence that alterations in brain-derived neurotrophic factor may 
represent a key biological mechanism linking burnout and lifestyle factors to cognitive 
performance and student’s well-being (Dam, 2021; Kusumaningrum et al., 2021; 
Nurdiyanto and Harjanty, 2022). 
 
Study limitations 

Several methodological constraints characterize this study, particularly the use of 
a cross-sectional approach, which prevents definitive conclusions regarding causal 
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relationships. The use of the Slovin formula for sample size calculation, rather than 
more advanced formulas specifically designed for analytical studies, is acknowledged as 
a limitation. Additionally, the use of self-reported instruments for measuring physical 
activity and sleep quality may introduce recall bias, and the potential for social 
desirability bias cannot be excluded. Confounding variables, although controlled for in 
the multivariate model, may not have been fully addressed due to the observational 
nature of the study design. To better elucidate the directionality of the observed 
associations, further investigations employing longitudinal designs are warranted. 
Additionally, other factors influencing short-term memory, such as academic stress, 
anxiety, depression, learning strategies, and screen time, were not assessed. The limited 
pseudo R-square value suggests that future studies should include additional relevant 
variables to improve model fit. Despite these limitations, the findings provide valuable 
insights and a strong foundation for future research. 

 
CONCLUSIONS 

 
In conclusion, burnout was identified as the only independent factor significantly 

associated with short-term memory among medical students after adjustment using 
robust Poisson regression analysis. Based on the coding scheme applied in this study, 
students with burnout had a lower prevalence of good short-term memory compared 
with those without burnout, indicating that higher burnout levels were associated with 
poorer short-term memory performance. Although poor sleep quality and low physical 
activity showed a tendency toward increased prevalence of impaired short-term 
memory, these associations were not statistically significant in the multivariate model. 
These findings suggest that psychological factors, particularly burnout, may have a 
stronger influence on cognitive function among medical students than lifestyle-related 
factors. Future research should employ longitudinal designs to establish causal 
relationships and include additional variables such as academic stress, nutritional status, 
and mental health conditions to improve the explanatory power of the model. The 
prevention and management of burnout should be prioritized, along with the adoption of 
healthy sleep patterns and regular physical activity to support cognitive health and 
academic performance. 
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