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Abstract: To examine the relationships among sleep quality, depression, and quality of life (physical and 
mental health) in medical students, and to explore the mediating role of depression, a cross-sectional 
survey of 857 medical students was conducted using the SF-36, PSQI, and CES-D. Correlation and 
mediation analyses (PROCESS v4.1) were performed. Sleep quality was negatively correlated with 
physical health (r = -0.233) and mental health (r = -0.432); depression was negatively correlated with 
physical health (r = -0.134) and mental health (r = -0.554); sleep quality was positively correlated with 
depression (r = 0.485) (P < 0.01). Depression partially mediated the relationship between sleep quality 
and mental health (B = -0.656, 95% CI: -0.778 to -0.538), with an indirect effect accounting for 51.5% 
of the total effect. Good sleep quality benefits both physical and mental health. Depression partially 
mediated the effect of sleep quality on mental health. 
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1. Introduction 

College students are a special group of individuals who are in a critical transition period from 
adolescence to adulthood, which can be among the most stressful periods in life, and their physical and 
mental health issues are of increasing concern on college campuses.[1] As an important group of college 
students, medical students face not only the double pressure of theoretical knowledge and professional 
skills but also fierce job competition; after employment, they encounter the pressure of complex social 
environments, such as doctor–patient conflicts. These problems increase the likelihood of medical 
students suffering from mental health impairments, such as insomnia, anxiety and depression.[2] These 
negative effects affect medical students' academic performance, interpersonal relationships, quality of 
life and other aspects, thus potentially compromising the quality of healthcare they will provide in the 
future. 

The quality of life of medical students refers to the advantages, disadvantages, and subjective 
experiences of medical students in different social backgrounds and environments, such as learning, 
living, and promoting their comprehensive development. A survey on the quality of life of medical 
students revealed that the mental health score for the quality of life of medical students was low and that 
psychological problems were more prominent.[3] The results revealed that the quality of life score of 
medical students was lower than that of nonmedical students and that psychological stress was a negative 
predictor of quality of life.[4] Personal factors, family life, mobile phone use time, sleep duration, 
physical activity level, anxiety, social support and depression are the main influencing factors of medical 
students' quality of life.[5–7] Sleep quality also has a certain effect on depression and anxiety, and poor 
sleep quality is an important risk factor for depression and anxiety.[8] 

Despite substantial evidence linking sleep quality and depression to quality of life among medical 
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students, most existing studies have examined these associations in a pairwise manner,i.e., sleep quality 
and quality of life, or depression and quality of life-without clarifying whether and how these three 
constructs interact. In particular, the potential mediating role of depression in the relationship between 
sleep quality and quality of life remains largely unexplored in this population. 

From a theoretical perspective, poor sleep quality is known to impair emotion regulation, increase 
negative affect, and reduce psychological resilience, all of which may lead to or exacerbate depressive 
symptoms. A recent systematic review and meta-analysis of over 50 years of experimental research found 
that sleep loss-including total sleep deprivation, partial sleep restriction, and sleep fragmentation-
significantly reduces positive affect, increases anxiety symptoms, and blunts arousal in response to 
emotional stimuli, thereby compromising an individual’s capacity to regulate emotions.[9] Moreover, 
among medical students specifically, psychological resilience and adaptive cognitive emotion regulation 
strategies have been shown to partially mediate the impact of life events on sleep quality, suggesting that 
similar pathways may operate in the sleep-depression-quality of life relationship.[10] 

Depression, in turn, is characterized by loss of interest, fatigue, social withdrawal, and diminished 
perceived well-being, which directly lowers both mental and physical dimensions of quality of life. 
Therefore, it is plausible that depression acts as a mediator linking sleep disturbances to poorer quality 
of life, especially for the mental health component. 

However, few studies have quantitatively tested this mediation pathway in medical students-a group 
facing high academic stress, irregular schedules, and elevated risks of both sleep problems and depression. 
Moreover, it remains unclear whether the mediating role of depression differs between the physical and 
mental components of quality of life, as sleep may affect physical health directly through biological 
mechanisms (e.g., inflammation, metabolic changes) rather than solely through psychological pathways. 

To address these gaps, this study aimed to: 1) describe the current status of sleep quality, depression, 
and quality of life among medical students; 2) identify factors influencing their physical and mental 
quality of life; 3) examine the mediating effect of depression on the relationship between sleep quality 
and quality of life, separately for the physical and mental health components. We hypothesized that 
depression would partially mediate the relationship between sleep quality and quality of life, with a 
stronger mediation effect for mental health than for physical health. 

2. Materials and methods 

2.1 Participants 

In this study, a multistage sampling method was used for investigation and research, and medical 
students from colleges and universities in Guangxi were selected as research objects. The inclusion 
criterion was currently studying medical students who voluntarily participated in this study. The 
exclusion criteria were: 1) recent major life events (e.g., death of a family member, serious personal 
illness) within the past three months; 2) unwillingness to participate; 3) presence of congenital diseases, 
cardiovascular diseases, inflammatory joint diseases, or musculoskeletal diseases as identified by 
physical examination or medical records. No participants were excluded based on sleep or mental health 
status, as these conditions are naturally distributed in the target population and are central to the research 
questions. Finally, 857 people were selected as the study subjects. Before the investigation, all of the 
investigators received relevant training and had the ability to perform onsite investigations. During the 
investigation, the purpose and content of the study were clarified to the research subjects via unified 
terminology. All questionnaires were completed at one time in the prescribed time frame. The 
questionnaires were checked and entered by two people at the same time. Before the survey, all of the 
subjects signed an informed consent form and voluntarily agreed to participate in the questionnaire. The 
study was conducted with the approval of the Ethics Committee of Guilin Medical University 
(GYLL2022091). 

2.2 Data collection 

2.2.1 Exposure 

To assess sleep quality, we used the Pittsburgh Sleep Quality Index (PSQI) scale.[11] The scale 
contains 19 questions of 9 items, covering 7 factors, including sleep quality, sleep onset time, sleep 
efficiency, sleep duration, sleep disorders, hypnotic drugs and daytime dysfunction. Among these, the 
19th self-rated item and 5 other-rated items were not included in the scoring. Each component was scored 
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on a scale from 0 to 3. The sum of the scores of each factor was the total score of the scale. The total 
score ranged from 0 to 21, where higher scores indicated worse sleep quality. 
2.2.2 Outcomes 

To assess quality of life, we used the SF-36 scale.[12] The scale includes 8 dimensions, namely, 
physical functioning (PF), role emotional (RE), role physical (RP), bodily pain (BP), vitality (VT), social 
functioning (SF), mental health (MH) and general health (GH), with a total of 36 items. Each item had 3 
to 6 answers to different degrees. The total score of each dimension ranges from 0 to 100, with higher 
scores indicating better health status in the corresponding dimension. The physical component summary 
(PCS) and mental component summary (MCS) were calculated by weighting each dimension. 
2.2.3 Mediating variable 

The Center for Epidemiologic Studies Depression Scale (CES-D)[13] was used to investigate 
depression status. The scale consists of 20 items, including 16 items concerning negative affect and 4 
concerning positive affect. Each item was scored from 0 to 3 points, and the sum of all item scores was 
the total score of depression (range 0 to 60). A total score of ≤ 15 was defined as no depression, 16-19 as 
possible depression, and ≥ 20 as definite depressive symptoms. 
2.2.4 Covariates 

A custom-made personal information questionnaire was used to collect data, which included 
sociodemographic information such as age, sex, and family status and personal academic information 
such as grade, major, and academic performance. Family status included annual household income, 
education level and occupation type of parents. 

2.3 Statistical analysis 

SPSS 28.0 was used for data analysis. For the missing data, we used the interpolation method. For 
quantitative data, after normality testing, the median and interquartile range were used for description, 
whereas for qualitative data, relative numbers and percentages were used for description. A rank-sum test 
was performed to compare PCS and MCS scores across different participant characteristics. Pearson 
correlation analysis was used for associations between quality of life and sleep quality, and Spearman 
correlation analysis for associations involving depression (which was not normally distributed). Multiple 
linear regression was used to identify factors independently associated with PCS and MCS scores, 
treating both outcomes as continuous variables to maintain consistency with the mediation analysis. 
Multicollinearity was assessed using variance inflation factor (VIF), with a threshold of <5. Covariates 
were selected based on univariate associations (P <0.2) and theoretical considerations.  Mediation 
analysis was performed using the PROCESS macro (v4.1) for SPSS with 5,000 bootstrap resamples to 
generate 95% confidence intervals for indirect effects. 

3. Results 

3.1 General information 

Of the 857 respondents, 631 (73.6%) were female, 316 (36.9%) were freshmen, 265 (30.9%) were 
sophomores, and 276 (32.2%) were juniors or above. The majority of the participants were in clinical 
medicine (354, 41.3%) or nursing (219, 25.6%), with other specialties accounting for a smaller proportion. 
There were 641 (71.8%) people with rural household registration. The annual family income was less 
than 11,400 yuan for 114 (13.3%) participants, 10,000-30,000 yuan for 209 (24.4%) participants, 30,000-
50,000 yuan for 226 (26.4%) participants, 50,000-100,000 yuan for 170 (19.8%) participants, and only 
138 (16.1%) participants had an annual family income greater than 100,000 yuan. The academic 
performance of 37 (4.32%) students was poor, accounting for a relatively small proportion. 

Among all the participants, 462 (53.9%) had no depression, 109 (12.7%) were possibly depressed, 
and 286 (33.4%) were depressed. The median score for sleep quality was 7 (5, 9). After the scores of 
each dimension were weighted, the median total score of the PCS was 53.32 (48.53, 56.53), and the 
median total score of the MCS was 41.72 (34.55, 49.17). 

3.2 Univariate analysis of factors influencing the quality of life of medical students 

Table 1 presents the baseline situation and the results of the rank sum test under different 
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characteristics. The results revealed statistically significant differences in the PCS scores of medical 
students in relation to different family annual income conditions, academic performance, and depression 
statuses (P < 0.05); there were also statistically significant differences in the MCS scores of medical 
students based on sex, grade, academic performance, and depression status (P < 0.05). 

Table 1 A comparison of the quality of life among medical students with different characteristics 

Variables Number(n=857) PCS M(P25,P75) MCS M(P25,P75) 

Sex    

  Male 226 53.45(49.00,56.32) 43.96(37.52,50.30) 

  Female 631 53.26(48.41,56.56) 41.15(33.69,48.81) 

  Z  0.017 3.37 

  P values  0.987 <0.001 

Grade    

  Freshmen 316 53.61(49.40,57.14) 42.92(36.08,50.34) 

  Sophomores 265 53.31(48.38,56.31) 41.36(34.55,48.54) 

  Juniors and above 276 52.77(48.35,56.46) 40.73(33.33,48.21) 

  H  3.261 6.06 

  P values  0.19 0.04 

Household registration    

  Rural 641 53.44(48.97,56.58) 41.64(34.22,49.21) 

  Urban 216 53.13(47.80,56.45) 42.07(35.49,49.01) 

  Z  1.172 -.761 

  P values  0.24 0.44 

Major    

  Clinical medicine 354 53.16(48.35,56.67) 40.58(33.26,48.06) 

  Preventive medicine 82 52.38(45.73,56.37) 41.97(32.08,48.48) 

  Nursing  219 54.01(49.77,56.70) 42.56(35.97,49.62) 

  Pharmacy 80 53.86(48.26,56.25) 44.34(33.83,50.48) 

  Other medical-
related 77 53.38(50.27,56.50) 43.29(37.50,49.78) 

  Non-medical 45 50.07(45.42,55.41) 44.59(37.47,50.55) 

  H  9.733 8.766 

  P values  0.08 0.12 

Annual family income    

  <10,000 114 51.24(46.52,55.59) 40.56(34.29,48.43) 

  10,000- 209 53.27(48.71,56.67) 41.77(34.26,49.35) 

  30,000- 226 54.37(49.61,57.35) 41.98(34.07,49.98) 

  50,000- 170 53.19(49.17,56.16) 42.03(35.45,47.75) 

  100,000- 138 53.31(48.34,56.17) 42.75(34.477,50.29) 

  H  12.97 2.641 

  P values  0.01 0.62 

Academic performance    
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  Poor 37 46.27(39.55,52.36) 34.60(23.15,41.03) 

  Satisfactory 594 53.27(48.67,56.47) 41.70(34.16,48.88) 

  Good 177 54.03(50.14,56.82) 43.26(36.14,50.18) 

  Excellent 49 53.91(48.23,57.90) 44.66(38.63,52.83) 

  H  22.211 25.32 

  P values  <0.001 <0.001 

Depression    

No 462 53.90(50.17,56.53) 47.54(40.50,52.31) 

  Possibly 109 53.38(48.25,58.02) 38.94(34.61,44.69) 

  Yes 286 51.09(46.04,56.00) 34.55(28.65,40.69) 

  H  5.282 26.467 

  P values  0.02 <0.001 

Sleep quality    

Good 256 54.04(50.12,56.88) 47.85(40.16,52.44) 

  Poor 601 53.02(47.90,56.50) 40.10(32.87,46.56) 

  Z  2.354 9.224 

  P values  0.02 <0.001 
PCS: physical component summary; MCS: mental component summary. 

Table 2 presents the results of the correlation analysis for quality of life, sleep quality, and depression. 
Specifically, Pearson correlation analysis was conducted for quality of life and sleep quality, whereas 
Spearman correlation analysis was performed for depression and both quality of life and sleep quality. 
The results revealed that sleep quality score was negatively correlated with physical health (r = -0.233, 
P < 0.01) and mental health (r = -0.432, P < 0.01), that depression was negatively correlated with physical 
health (r = -0.134, P < .01) and mental health (r = -0.554, P < 0.01), and that the sleep quality score was 
positively correlated with depression (r = 0.485, P < 0.01). 

Table 2 Correlation analysis of PCS, MCS with sleep quality and depression 

Variables PCS MCS Sleep quality score Depression 

PCS 1 - - - 

MCS -0.122** 1 - - 

Sleep quality score -0.233** -0.432** 1 - 

Depression -0.134** -0.554** 0.485** 1 
**P<0.01; PCS: physical component summary; MCS: mental component summary. 

3.3 Linear regression analysis 

A multiple linear regression model was built to estimate the possible impact of each variable on the 
quality of life of medical students. The results for PCS are shown in Table 3. After adjusting for sex, 
grade, major, annual family income, academic performance, depression, and sleep quality, higher family 
income was significantly associated with higher PCS scores. Compared with students from families with 
an annual income below 10,000 yuan, those with an income of 30,000-50,000 yuan had a significantly 
higher PCS score (B = 2.690, 95% CI: 1.282-4.099, P < 0.001). Academic performance was a strong 
positive predictor: students with satisfactory (B = 5.541, 95% CI: 3.446-7.636, P < 0.001), good (B = 
6.331, 95% CI: 4.075-8.587, P < 0.001), or excellent (B = 5.040, 95% CI: 2.334-7.746, P < 0.001) 
performance had substantially higher PCS scores than those with poor performance. Non-medical majors 
had lower PCS scores than clinical medicine students (B = -3.038, 95% CI: -5.029 to -1.047, P = 0.003). 
Sleep quality score was negatively associated with PCS: each one-point increase in PSQI score (worse 
sleep) was associated with a 0.396‑point decrease in PCS (95% CI: -0.547 to -0.245, P < 0.001). 
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Table 3 Linear regression analysis of factors associated with PCS 

Variable B(95% CI) P  

Sex   

Male Ref  

Female -0.044 (-1.024, 0.937) 0.930 

Grade   

  Freshmen Ref  

  Sophomores -0.756 (-1.843, 0.331) 0.173 

  Juniors and above -0.865 (-1.927, 0.197) 0.110 

Major   

  Clinical medicine Ref  

  Preventive medicine -1.034 (-2.544, 0.476) 0.179 

  Nursing  0.354 (-0.849, 1.558) 0.564 

  Pharmacy -1.339 (-2.873, 0.196) 0.087 

  Other medical-related -0.347 (-1.945, 1.251) 0.670 

  Non-medical -3.038 (-5.029, -1.047) 0.003 

Annual family income   

  <10,000 Ref  

  10,000- 1.184 (-0.247, 2.614) 0.105 

  30,000- 2.690 (1.282, 4.099) <0.001 

  50,000- 1.287 (-0.195, 2.770) 0.089 

  100,000- 1.336 (-0.222, 2.893) 0.093 

Academic performance   

Poor Ref  

  Satisfactory 5.541 (3.446, 7.636) <0.001 

  Good 6.331 (4.075, 8.587) <0.001 

  Excellent 5.040 (2.334, 7.746) <0.001 

Depression   

No Ref  

  Possibly 0.575 (-0.745, 1.894) 0.393 

  Yes -0.032 (-1.089, 1.024) 0.952 

Sleep quality score -0.396 (-0.547, -0.245) <0.001 

Constant 49.236 (46.596, 51.877) <0.001 
PCS: physical component summary. 

The results for MCS are presented in Table 4. Female was associated with lower MCS scores 
compared with males (B = -2.461, 95% CI: -3.695 to -1.228, P < 0.001). Depression showed a strong 
negative gradient: compared with students without depression, those with possible depression had a 
5.314-point lower MCS (95% CI: -6.978 to -3.650, P < 0.001), and those with definite depression had a 
9.520-point lower MCS (95% CI: -10.850 to -8.189, P < 0.001). Better academic performance was also 
associated with higher MCS scores (satisfactory: B = 3.688, 95% CI: 1.049-6.327, P = 0.006; good: B = 
4.323, 95% CI: 1.485-7.162, P = 0.003; excellent: B = 6.521, 95% CI: 3.112-9.929, P < 0.001). Sleep 
quality score was negatively associated with MCS (B = -0.562, 95% CI: -0.752 to -0.371, P < 0.001). 
Among majors, nursing (B = 1.868, 95% CI: 0.359-3.376, P = 0.015) and pharmacy (B = 1.979, 95% CI: 
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0.047-3.910, P = 0.045) had significantly higher MCS scores than clinical medicine students. Grade and 
other major categories were not significant. 

Table 4 Linear regression analysis of factors associated with MCS 

Variable B(95% CI) P  

Sex   

Male Ref  

Female -2.461 (-3.695, -1.228) <0.001 

Grade   

  Freshmen Ref  

  Sophomores -0.210 (-1.577, 1.158) 0.764 

  Juniors and above 0.005 (-1.335, 1.345) 0.994 

Major   

  Clinical medicine Ref  

  Preventive medicine 0.898 (-1.010, 2.806) 0.356 

  Nursing  1.868 (0.359, 3.376) 0.015 

  Pharmacy 1.979 (0.047, 3.910) 0.045 

  Other medical-related 1.548 (-0.473, 3.568) 0.133 

  Non-medical 1.972 (-0.546, 4.489) 0.125 

Academic performance   

Poor Ref  

  Satisfactory 3.688 (1.049, 6.327) 0.006 

  Good 4.323 (1.485, 7.162) 0.003 

  Excellent 6.521 (3.112, 9.929) <0.001 

Depression   

No Ref  

  Possibly -5.314 (-6.978, -3.650) <0.001 

  Yes -9.520 (-10.850, -8.189) <0.001 

Sleep quality score -0.562 (-0.752, -0.371) <0.001 

Constant 46.428 (43.261, 49.594) <0.001 
MCS: mental component summary. 

3.4 Mediation analysis 

We performed a mediation analysis to better understand the relationships that depression had with 
sleep quality and quality of life. All mediation models were adjusted for covariates including sex, grade, 
major and annual family income. The mediation analysis revealed that the sleep quality score had a 
negative effect on PCS (B = -0.458, P < 0.001, 95% CI =-0.591 to -0.325). The direct effect of the sleep 
quality score on PCS was negative (B = -0.442, P <0.001, 95% CI = -0.593 to -0.290), and the direct 
effect accounted for 96.4%. The mediating effect coefficient B of depression between sleep quality and 
the PCS score was -0.016, and the indirect effect accounted for 3.6% of the total effect. The 95% CI of 
the bootstrap test included 0, and the mediating effect diagram revealed that the regression coefficient of 
depression relative to physical health was -0.121, which was not statistically significant, as shown in 
Table 5 and Figure 1. 
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Table 5 Mediation effect of depression in the association between sleep quality and PCS 

Effect B SE t P Relative effect(%) Bootstrap95%CI 

Total effect -0.458 0.068 -6.741 <0.001 100 -0.591 to -0.325 

Direct effect -0.442 0.077 -5.718 <0.001 96.4 -0.593 to -0.290 

Indirect effect -0.016 0.041   3.6 -0.098 to 0.064 
PCS: physical component summary 

 
Figure 1 Examined mediation models with PCS as consequent, depression as mediator. PSQI: the total 

score of the Pittsburgh Sleep Quality Index. CES-D: the total score of the Center for Epidemiologic 
Studies Depression Scale. PCS: The physical component summary in the SF-36 scale. **P < 0.001. 

The sleep quality score also had a negative effect on the MCS score (B = -1.276, P < 0.001, 95% CI 
= -1.462 to -1.090). For these, the direct effect was negative (B = -0.620, P < 0.001, 95% CI = -0.810 to 
-0.430), accounting for 48.5%. The mediating effect of depression on the relationship between sleep 
quality score and mental health score was negative (B = -0.656, 95% CI = -0.778 to -0.538), with an 
indirect effect of 51.5%, as shown in Table 6 and Figure 2. 

Table 6 Mediation effect of depression in the association between sleep quality and MCS 

Effect B SE t P Relative effect(%) Bootstrap95%CI 

Total effect -1.276 0.095 -13.450 <0.001 100 -1.462 to -1.090 

Direct effect -0.620 0.097 -6.404 <0.001 48.5 -0.810 to -0.430 

Indirect effect -0.656 0.060   51.5 -0.778 to -0.538 
MCS: mental component summary 

 
Figure 2 Examined mediation models with MCS as consequent, depression as mediator. PSQI: the total 

score of the Pittsburgh Sleep Quality Index. CES-D: the total score of the Center for Epidemiologic 
Studies Depression Scale. MCS: The mental component summary in the SF-36 scale. **P < 0.001.  

4. Discussion 

This study investigated the current status of quality of life among medical students and its relationship 
with sleep quality and depression, as well as exploring the mediating role of depression in the relationship 
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between quality of life and sleep quality. The key findings are threefold. First, medical students had 
normal physical health (PCS) but significantly lower mental health (MCS) compared with population 
norms. Second, better academic performance and higher family income were associated with better PCS, 
whereas female sex and poor sleep quality were associated with worse MCS. Third, depression partially 
mediated the association between sleep quality and MCS (indirect effect accounting for 51.5% of the 
total effect), but did not mediate the association between sleep quality and PCS. These results clarify how 
sleep disturbances translate into reduced mental well‑being and suggest distinct pathways for physical 
versus mental health outcomes. 

4.1 Mental health status of medical students 

The finding that MCS scores were substantially below normative levels while PCS scores remained 
within normal range is consistent with previous reports.[3,14] A large cross‑sectional study among 
Chinese medical graduate students found that individuals sleeping less than 7 hours had a 1.65‑fold 
higher depression risk, and poor sleep quality further exacerbated this risk in short sleepers.[15] The high 
prevalence of poor sleep quality among medical students (reported as 67.9% in a Croatian sample and 
exceeding 60% in multiple studies) underscores the urgency of addressing sleep health in this 
population.[16,17] Medical students face chronic academic stress, exposure to human suffering, and high 
professional expectations, which may disproportionately affect psychological well‑being without 
immediately manifesting as physical complaints. Moreover, a nationwide cross-sectional study of 
Chinese medical and non-medical students (n = 11,972) found that although medical students 
experienced higher psychological stress, their sleep quality was not proportionally worse - a phenomenon 
the authors termed “stress‑sleep decoupling”, suggesting that the structured environment of medical 
education may buffer the relationship between stress and sleep.[18] 

4.2 Factors influencing PCS and MCS 

Better academic performance was strongly associated with higher PCS and MCS scores. While 
reverse causality is possible (healthier students perform better), a dose‑response pattern was observed (B 
increasing from satisfactory to good, then slightly decreasing for excellent). This pattern may reflect that 
moderate academic success promotes health through routine and self‑efficacy, whereas extreme 
excellence might involve overwork and stress. However, the exact mechanism warrants longitudinal 
investigation. 

Higher family income (30,000-50,000 yuan vs. <10,000 yuan) was associated with higher PCS but 
not MCS. This suggests that economic advantage protects physical health-perhaps through better 
nutrition, healthcare access, and living conditions-but does not necessarily buffer mental health in a 
high‑stress academic environment. In contrast, female sex was a strong negative predictor of MCS, 
confirming well‑established sex differences in internalizing disorders.[19] This is consistent with a recent 
study in which female medical students exhibited significantly higher PSQI scores and higher levels of 
depression, anxiety, and stress than their male counterparts.[17] The same study reported moderate 
positive correlations between PSQI total scores and depression (ρ = 0.566, P < 0.001) and anxiety (ρ = 
0.489, P < 0.001). Notably, nursing and pharmacy majors had higher MCS scores than clinical medicine 
students, possibly because the latter face heavier workloads, longer study hours, and higher career‑related 
anxiety. 

4.3 Mediation by depression: contrasting patterns for MCS and PCS 

The core contribution of this study is the demonstration that depression mediates the sleep-MCS 
relationship but not the sleep-PCS relationship. The indirect effect of sleep quality on MCS via 
depression was substantial (B = -0.656, 95% CI excludes 0), accounting for more than half of the total 
effect. This finding aligns with the emotion regulation deficit model. A growing body of research 
supports that sleep loss impairs the functional connectivity between the prefrontal cortex and amygdala. 
A 2026 conference abstract reported that as time awake increased, resting‑state functional connectivity 
between the amygdala and medial prefrontal cortex underwent linear changes, weakening the prefrontal 
cortex’s inhibitory top‑down regulation of the amygdala.[20] This mechanistic explanation is echoed in 
a recent Chinese study on medical graduate students, which proposed that high‑quality sleep may reduce 
cortisol levels by inhibiting HPA axis overactivation and enhance prefrontal‑amygdala neuromodulation, 
thereby improving mood regulation and alleviating depressive symptoms.[15] Consequently, individuals 
with poor sleep are more likely to experience persistent low mood, irritability, and anhedonia-core 



International Journal of Frontiers in Medicine 
ISSN 2706-6819 Vol.8, Issue 2: 104-115, DOI: 10.25236/IJFM.2026.080213 

Published by Francis Academic Press, UK 
-113- 

depressive symptoms that directly lower the mental health domains of QoL (vitality, social functioning, 
role emotional, and mental health).[21] 

Similar mediation pathways have been documented in recent studies. A 2025 study among 864 
Chinese university students found that anxiety and depression mediated the association between 
dysfunctional sleep beliefs and sleep quality, highlighting that negative emotional states are key pathways 
linking cognitive sleep‑related factors to poor sleep outcomes.[22] A meta‑analysis of 12 studies 
(n = 5,786 students) conducted during the COVID‑19 pandemic confirmed robust correlations between 
poor sleep quality and increased anxiety, depression, and stress, with correlation coefficients ranging 
from 0.34 to 0.66.[23] These consistent findings across different populations and outcomes strengthen 
the generalizability of the mediating role of depression in the sleep–mental health relationship. 

What makes this mediation robust for MCS but absent for PCS? One explanation is that sleep affects 
physical health through direct biological pathways that bypass depression. Sleep deprivation triggers 
pro‑inflammatory cytokine release (e.g., IL‑6, TNF‑α), impairs glucose metabolism, and increases 
sympathetic nervous system activity.[24] A 2026 study on the association between body composition and 
sleep disturbance found that inflammation statistically mediated 10.64% to 36.43% of the association 
depending on the inflammation marker used.[25] A recent narrative review summarizing evidence from 
2010-2025 concluded that poor sleep quality among medical students, frequently exceeding 60%, shows 
strong associations with anxiety, depression, burnout, and diminished overall quality of life.[16] In our 
data, the direct effect of sleep quality on PCS (B = -0.442) remained strong even after controlling for 
depression, whereas the indirect path was negligible (B = -0.016). This pattern supports a “dual‑pathway” 
model: sleep influences physical health via direct physiological pathways, and it affects mental health 
partially through depressive symptoms. 

A secondary but important observation is that depression itself was not a significant predictor of PCS 
in the linear regression model (Table 3). This may seem counterintuitive because depression often 
includes somatic symptoms. However, the SF‑36 PCS is heavily weighted toward physical functioning 
and bodily pain, which in young, generally healthy medical students might be less affected by mood state. 
This finding supports a “dual‑pathway” model: sleep affects physical health through direct biological 
mechanisms (e.g., inflammation, metabolic changes) that bypass depression, whereas its impact on 
mental health is substantially mediated by depressive symptoms. 

4.4 Comparison with previous literature 

Our mediation findings extend previous work in several important directions. A study of medical 
students in Mogadishu found that depressive symptoms mediated the relationship between social support 
and sleep quality.[26] Another study of medical students residing in dormitories in Iran (n = 380) reported 
that sleep quality indirectly affected quality of life through social relations quality (indirect effect = -0.09, 
95% CI: -0.18 to -0.02).[27] A path‑analytic study of 402 medical students found that poor sleep quality 
was associated with depressive symptoms (P < 0.001) and that mental health problems mediated the 
effect of problematic internet use on sleep quality.[28] These studies converge on the conclusion that 
sleep quality does not operate in isolation—its impact on well‑being is channeled through psychological 
and social mediators, with depression playing a particularly prominent role across diverse populations 
and settings. 

4.5 Limitations and future directions 

Several limitations must be acknowledged. The cross‑sectional design precludes causal inference; the 
temporal order of sleep, depression, and QoL cannot be definitively established. Longitudinal studies 
with repeated measures are needed to confirm the directionality of the mediation. Second, the sample 
was geographically restricted to Guangxi and predominantly female (73.6%), limiting generalizability to 
other regions or male‑dominated medical cohorts. Third, unmeasured confounders-particularly anxiety, 
social support, physical activity, and coping styles-may influence the observed associations. Fourth, 
self‑report scales (PSQI, CES‑D, SF‑36) are subject to recall and social desirability biases. Future 
research should incorporate objective sleep measures and clinical interviews for depression. Future 
multi‑centre longitudinal studies with well‑designed intervention arms are needed to test whether 
improving sleep quality and reducing depressive symptoms leads to sustained improvements in QoL 
among medical students. 
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5. Conclusion 

Medical students in this study had normal physical health but significantly impaired mental 
health‑related QoL. Poor sleep quality was associated with worse outcomes in both domains. Critically, 
depression mediated more than half of the effect of poor sleep on mental health, identifying a modifiable 
pathway. For physical health, sleep affected QoL directly, suggesting that separate intervention strategies 
may be required. Improving sleep hygiene, providing emotion regulation training, and offering early 
psychological support for depressive symptoms could effectively enhance medical students‘ overall 
well‑being. 
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