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Abstract
Background: To investigate the relationship between depression and sleep quality and state-trait anxiety
among undergraduate students in medical colleges and universities in Anhui Province, to enhance the
attention to the mental health of undergraduate students in medical colleges and universities, and to
provide a basis for mental health intervention strategies for undergraduate students in medical colleges
and universities.

Methods: The Pittsburgh Sleep Quality Index, State-Trait Anxiety Inventory, and Depression Self-Rating
Scale were used to investigate 1300 college students in four medical undergraduate colleges and
universities in Anhui Province.

Results: The Pittsburgh Sleep Quality Index score was (5.87+2.944), the State-Trait Anxiety Inventory
score was (84.10+17.276), and the Depression Self-Rating Scale score was (49.04+10.845). Depression
status and Pittsburgh Sleep Quality Index were positively correlated (r=0.381, p<0.001), and Pittsburgh
Sleep Quality Index and State-Trait Anxiety were positively correlated (r=0.428, p<0.001).

Conclusions: Taking four undergraduate medical colleges and universities in Anhui Province as an
example, sleep quality of college students in medical colleges and universities was positively correlated
with depressive state, sleep quality and state-trait anxiety were positively correlated, and sleep quality
was in�uencing depressive state through state-trait anxiety.

Background
According to the updated data of the World Health Organization in 2017, 264 million people of all ages
worldwide suffer from depression, among which the lifetime prevalence of depression in China is 6.9%,
and the proportion of Chinese university students suffering from depression is as high as 23.66%. As a
social group with high intelligence and pursuit, college students are the leading force to support the
development and progress of society, and only with healthy and quali�ed physical and psychological
quality can they take up all the important responsibilities in the future. The competition in contemporary
society is getting �erce, the number of college graduates is increasing year by year, and the employment
and life pressure of college students are high, so the mental health of college students deserves attention
and attention. Many scholars in psychology, medicine, and education in China have researched the
mental health status of college students. The survey results of Du Zhaoyun and Wang Keqin on 1579
college students show that the prevalence of mild depression is 42.1% and the prevalence of severe
depression is 2.1%.[1].According to statistics, the mental health problems of college students in China
have been rising, with 28.23% of college students having mental disorders in the 1990s and 42% in recent
years. According to the Ministry of Health, the mental health problems of modern college students are
manifested as depression and anxiety, etc.[2].

Medical school students are the training base for future medical workers and health administrators, so
paying attention to the physical and mental health of medical school students has become the top
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priority for paying attention to the mental health of college students, which is the cornerstone of the
future development of medical and health care.

Sleep is vital to human health[3], however, many people still suffer from sleep disorders, and many
diseases are associated with poor sleep, such as cancer[4, 5], Heart Failure[6, 7], Depression, and general
anxiety disorders[8], Schizophrenia, etc.[9].For many college students, the transition to high school brings
many new challenges, such as academic stress, smoking and drinking, physical activity, living
environment, physical status, psychological status, work obligations, and new independence, which may
provide the necessary stress for the development or worsening of sleep disorders, thus making sleep
problems common among college students[10], More than half of college students suffer from poor sleep
quality, which is more severe than the general population (according to statistics updated by the World
Health Organization in 2017) and is detrimental to physical and mental health. Therefore, it can be
asserted that poor sleep quality is becoming a considerable problem among university students.

Sleep disorders refer to abnormalities in the quantity or quality of sleep, or some clinical symptoms that
occur during sleep[11]. Insomnia is the most common sleep disorder in patients with depression, and this
sleep disorder is considered an asymptomatic dimension of current depression. Sleep disturbance often
lingers, and its persistence may represent a residual phase of the primary mood disorder. Alternatively, the
presence of a sleep disorder may be a precursor or harbinger of depression that occurs later in life.
Indeed, as part of an epidemiological catchment area study[12], Ford and Kamerow[13]discover,
persistent insomnia is associated with the development of the new major depressive disorder. Clinical
and epidemiological investigations have shown that sleep disorders are closely associated with
depression, highlighting the co-morbidity of sleep disorders and depression, including the concurrent co-
morbidity model and the sequential co-morbidity model[14].In addition, it has been shown that as the
level of depression increases, the total sleep quality and sleep quality component scores increase
signi�cantly, and on the other hand, depression levels are signi�cantly higher in people with poor sleep
quality than in people with good sleep quality[15]. Changes in sleep architecture, such as those found in
restricted sleep may also impair physiological function and increase depressive symptoms. In addition,
research suggests that sleep, as an anti-in�ammatory mechanism, may help maintain physical function
later in life[16]. Sleep disorders are common in college student populations, although the prevalence
appears to be variable, perhaps in part due to methodological differences. Nardoff[17]In a sample of 583
students, 13% reported clinically signi�cant insomnia symptoms (according to the Insomnia Severity
Index [ISI]) in the past 2 weeks. Gaultney[18]discover, in a large sample of college students (N=1, 845),
27% (n=500) were at risk for sleep disorders (using the SLEEP-50, a tool validated for college students
that measures sleep characteristics)[19]). Other studies have reported a greater prevalence of sleep
disorders. In one large study (N = 1, 125), the Pittsburgh Sleep Quality Index (PSQI) classi�ed more than
60% of college students as poor sleepers[20]. Finally, Singleton[21]discover, Of the 236 students who
completed the interview survey, 79% reported going to bed after midnight, and only 24% reported getting
enough sleep at night (i.e., at least 8.4 hours). In addition, there may be a cohort effect in that an even
higher percentage of college students in recent generations self-reported dissatisfaction with their sleep.

https://www.sciencedirect.com/science/article/pii/S1389945716300041?via%3Dihub#bib0025
https://www.sciencedirect.com/science/article/pii/S1389945716300041?via%3Dihub#bib0035
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Depression and anxiety disorders are among the most common disorders in the community and primary
care. People with depression often have features of anxiety disorders, and people with anxiety disorders
usually have depression as well. Both disorders may occur together and meet the criteria for both
disorders, with approximately 85% of people with depression having signi�cant anxiety and 90% of
people with anxiety having depression[22].In the STAR*D study, 45%-46% of the 3787 outpatients with
depression were considered to meet the criteria for anxiety depression[19]. Näslund [23], illustrates the
close relationship between anxiety and depression.

Anxiety and state-trait worry (WT) are closely related, but they are separate psychological concepts.
Clinical studies have shown that high WT, especially high pathological worry, is an important clinical
feature of anxiety disorders[24].Åkerstedt et al. (2007) found that people with higher levels of pre-bedtime
WT were signi�cantly less e�cient sleepers compared to those with lower levels; people with higher levels
of worry took longer to fall asleep and exhibited longer periods of light sleep. In addition, researchers
noted that worry has been shown to differ from rumination in terms of its effect on sleep quality. The
effect of state-trait worry on sleep quality is that it focuses on ongoing or future uncertain events,
whereas rumination further exacerbates existing sleep problems by focusing on the "why", i.e., the cause
of the problem, and people look back to the past to �nd an explanation[25]. Anxiety includes state anxiety
(S-AI), a description of momentary, �uctuating states of emotional feeling, and trait anxiety (T-AI), a
tendency toward sustained, relatively stable trait anxiety. Frequent anxiety, in turn, consolidates anxiety
traits, and individuals with higher levels of T-AI show more S-AI. In addition, individuals with high T-AI
show evidence of attentional bias. They tend to pay attention to and even exaggerate negative emotional
information, which directly correlates with their sleep quality[26]. Christopher et al [27] argued that T-AI
not only directly elicits high anxiety states but also modulates anxiety arousal by affecting the
preattentive system, thus causing attentional bias. Among other things, T-AI plays an important role in
evoking emotional arousal; the higher the T-AI of an individual, the more easily negative emotions are
aroused and the poorer the quality of sleep.

Because the modern biomedical paradigm has not been transformed thoroughly enough, the singularity
of education that focuses only on medical students' professional knowledge and not on the development
of psychological and social knowledge is more serious; therefore, current research on the mental health
of medical students is limited, with some focusing on the relationship between apprehension tendencies
and sleep quality and the mediating role of state-anxiety[28]. So far no study has analyzed one
relationship between PSQI, STAI, and SDS. Therefore, the present study focused on the mediating role of
traits between sleep and depression. Based on the purpose of our study, we made the following
hypotheses.

1, there is a link between sleep disturbance and depression

2. state traits moderate the relationship between sleep disturbance and depression in college students

Methods
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Sampling Method
From September to December 2020, convenience sampling method was used to select college students
of Anhui Medical University, Anhui University of Traditional Chinese Medicine, Bengbu Medical College,
and Wannan Medical College, four medical universities as the survey subjects. The questionnaires were
�lled out anonymously online, and a total of 1300 questionnaires were collected, with 1277 valid
questionnaires (594 males and 633 females) and an effective rate of 98.23%. The study followed the
principle of voluntary participation, and all respondents signed an informed consent form.

Procedures

Quality of sleep (PSQI)
Sleep quality was assessed using the Pittsburgh Sleep Quality Index[29]. The index consists of 19 self-
rated items that are combined to provide a score of 7 on a scale from 0 to 3, where 0 indicates no
di�culty and 3 indicates severe di�culty. The scores of these seven components are combined to
provide a total score of 0-21, with higher scores indicating poorer sleep quality, and scores greater than 5
distinguishing poor sleepers from good sleepers. the PSQI is considered an appropriate tool for assessing
sleep quality in adults (18-80 years)[30], Cronbach's alpha among adolescents and young adults was
0.72[31]. The PSQI scale in this study was divided into two levels of presence or absence of sleep
disorder (1=with sleep disorder, 2=without sleep disorder) and four levels of degree of sleep quality (1=fair
sleep quality, 2=fair sleep quality, 3=very poor sleep quality, 4=very good sleep quality) by the scores of
the collected data.

State-Trait Anxiety Inventory (STAI)
The STAI questionnaire consists of 40 questions divided into two groups to assess anxiety as a transient
state (state anxiety) and as an underlying trait (trait anxiety). State anxiety is considered to be a transient
emotional state characterized by subjective feelings, apprehension, and overactivity of the autonomic
nervous system. Trait anxiety is a relatively stable personal state with a tendency to perceive situations
as threatening. Both the state and trait scales consist of 20 items, including directly and inversely worded
questions and punctuation. Scores range from 20 to 80, with higher scores indicating higher levels of
anxiety[32, 33]. The �nal STAI scores were obtained using an online calculator
(https://www.nsrusa.org/score.php) to avoid confusion about the punctuation of the reverse wording.

Depression Self-Rating Scale (SDS)
The SDS is a brief self-rating scale that assesses the psychological and somatic symptoms of
depression. It has been widely used in different age groups for screening purposes and to measure
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depression[34]. It has been widely used to screen for and measure the severity of depression[35]. It has
good internal consistency [36] test and retest reliability and has good content validity and criterion
validity[36]. The SDS consists of 20 items and is designed based on diagnostic criteria for depression.
Subjects rated how each item felt over the past few days using a 4-point Likert scale. raw sum scores for
the SDS range from 20 to 80, but results are usually displayed as an SDS index, which is obtained by
expressing raw scores converted to a 100-point scale.

Covariates  
Age and gender were included as �xed covariates in the adjustment. Other covariates were included in the
�nal model as potential confounders if they altered PSQI/STAI estimates of SDS class levels by >10% or
were signi�cantly associated with SDS class levels. The following covariates were selected and tested
based on the identi�ed associations and/or plausible biological relationships. Respondent's profession,
whether he/she was an only child, place of birth, closest relationship, closest person's education level,
father's education level, mother's education level, closest person's job, father's job, mother's job, and
ethnicity. The relationship between each confounding factor and SDS is detailed in Supplementary
Tables 1, 2, and 3.

Statistical analysis
Two-by-two correlation analysis was performed between variables using a bias-off. Means (standard
deviations, SD) and proportions were used to characterize participants. Multiple linear regression was
used to assess the relationship between PSQI, STAI, and SDS.

Regression models were used to estimate the relationship between PSQI, STAI, and SDS. Relative beta
and 95% con�dence intervals (CI) were calculated.

All models and bias correlations were conducted after adjusting for age, gender, respondent's profession,
being an only child, place of birth, closest relationship, closest person's education level, father's education
level, mother's education level, closest person's job, father's job, mother's job, and ethnicity.

We analyzed the mediating effect of STAI on the association between PSQI and SDS by Sobel-Goodman
mediation test, with all selected covariates controlled. Each model included six equations.[37]. The Sobel
test was used to test the hypothesis that the indirect effect is equal to zero[38]. Point estimates and 95%
con�dence intervals were estimated for the indirect effects. Full mediation holds when the independent
variable (PSQI) and the dependent variable (SDS) are uncorrelated after controlling for the mediator
(STAI) so that the path equation 3' is zero. Partial mediation occurs when the absolute size of the path
from PSQI to SDS decreases but remains different from zero after the introduction of the mediator. The
percentage of mediation is calculated as 1-(equation 3'/equation 3), where equation 3 is the role of the
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independent variable in predicting the main outcome and equation 3' is the role of the independent
variable in predicting the dependent and mediating variables.

P-values were 2-sided and an alpha level of 0.05 was used to de�ne statistical signi�cance. Data were
analyzed using SPSS 26.0 (IBM Corporation), Stata (version 15), and R version 3.6.3 (R Foundation for
Statistical Computing, Vienna, Austria).

Results

General characteristics
74.33% (912) of the respondents reported having sleep disorders and 41.40% (518) reported suffering
from depression, of which mild, moderate and severe were:26.65% (327), 13.94% (171), and 0.81% (10)
respectively. With sleep disorders were:27.27% (162), 24.17% (153), men and women who reported having
depression were:41.58% (247), 41.23% (261), respectively; with mild depression were:26.94% (160), 26.38
(167); moderate depression were:13.64% (81), respectively 14.22% (90); and major depression were:
1.01% (6) and 0.63% (4), respectively. Interestingly, there was no statistically signi�cant difference in the
gender distribution of the incidence of sleep disorders and depression. (Table1)

Table 1 Characteristics of Respondents(N=1227)
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Correlation Analysis
SDS was positively correlated with PSQI (r=0.381, p<0.001), with STAI (r=0.428, p<0.001), and PSQI with
STAI (r=0.428, p<0.001) when controlling for confounding factors. (Table2)

Table 2 Partial Correlations Coe�cients (r) among STAI, PSQI, and SDS.
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  STAI PSQI SDS

STAI      

PSQI 0.428***    

SDS 0.775*** 0.381***  

Note: Model was adjusted for gander, birthplace, grade, major, race, only child, close relationship,
education of close relationship, education of father, education of mother, job of close relationship, job of
father, job of mother.

Values are bolded if they achieved statistical signi�cance at p ≤ .05.

* p 0.05, ** p 0.01, *** p 0.001.

Abbreviations: STAI = State-Trait Anxiety Inventory; PSQI = Pittsburgh Sleep Quality Index; SDS = Self-
rating depression scale.

Mediation Analysis
The results of the mediation analysis were as follows: overall, sleep quality scores were positively
correlated with depression scores. State-trait anxiety mediation analysis revealed that the association
between sleep quality and depression scores was mediated by state-trait anxiety. The adjusted role of
mediation for potential confounders was about 83.79%. More precisely, the effect of state-trait anxiety on
sleep quality was 83.79% (z = 15.090) when the dependent variable was depression score. Thus, it is
clear that state-trait anxiety plays a fully mediating role in analyzing the effect of sleep quality on
depressive states. That is, sleep quality is in�uenced by depressive states through state-trait anxiety.
(Figure 1)

Figure 1 Mediation Analysis

Note: STAI = State-Trait Anxiety Inventory; PSQI = Pittsburgh Sleep Quality Index; SDS = Self-rating
depression scale. The Sobel test was used to test the hypothesis that the indirect role was equal to 0,
adjusting for potential confounders (gender, birthplace, grade, major, race, only child, close relationship,
education of close relationship, education of father, education of mother, job of close relationship, job of
father, job of mother). Values are bolded if they achieved statistical signi�cance at p ≤ .05. 

Subgroup analysis

In this study, subgroup analyses were conducted separately for gender and place of birth of the surveyed
respondents, and the results of the subgroup analysis of the STAI-mediated mediation model related to
SDS and PSQI were found to be inconsistent with the results of our study hypothesis for this group of
participating males and the group born in urban areas. (Table3)
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Table 3 Subgroup analysis of mediation models for SDS associated with PSQI
mediated by STAI in Medical School Students.

  Indirect
effect

Direct
effect

Total
effect

Z Sobel
p value

Proportion of total effect that
is mediated

Gender            

Male 1.217*** 0.149 1.366*** 10.88 0.000 89.12%

Female 1.117*** 0.315** 1.432*** 10.31 0.000 78.01%

Birthplace            

Urban 1.104*** 0.189 1.294*** 8.411 0.000 85.37%

Rural 1.213*** 0.247** 1.461*** 12.52 0.000 83.07%

Note: STAI = State-Trait Anxiety Inventory; PSQI = Pittsburgh Sleep Quality Index; SDS = Self-rating
depression scale. Sobel-Goodman Mediation Test in adjusted models for gander, birthplace, grade, major,
race, only child, close relationship, education of close relationship, education of father, education of
mother, job of close relationship, job of father, job of mother. Values are bolded if they achieved statistical
signi�cance at p ≤ .05. * p 0.05, ** p 0.01, *** p 0.001

Discussion
Based on controlling for covariates, partial correlation analysis revealed a two-by-two correlation between
STAI, PSQI, and SDS. Sleep disorders disrupt human biological functions, altering brain electrical
stimulation and having an impact on individual emotional perceptions, thus affecting psychological
states and even triggering depression[39]. Thus people with poor sleep quality are more likely to
experience depressive symptoms, state, and trait anxiety. Sleep deprivation leads to a signi�cant increase
in state anxiety levels[40], Anxiety can also lead to impaired sleep initiation and reduced rapid eye
movement and slow-wave sleep[41]. Other studies have also found a bidirectional relationship between
sleep disorders and depression, with major depression being associated with hypersomnolence, and
depression leading to sleepiness symptoms such as prolonged nighttime sleep and impaired quality of
wakefulness[42]. Sleep disorders, especially nightmares and insomnia, can also exacerbate suicidal
behavior in people with depression[43], Therefore, it is of great practical importance to pay attention to
the relationship between sleep disorders and depressive states trait anxiety, so that we can take
appropriate measures to improve the sleep quality of college students and thus reduce depression and
anxiety, and promote the physical and mental health of college students.

Depression and anxiety disorders are among the most common disorders in the community and primary
care. People with depression often have features of anxiety disorders, while people with anxiety disorders
usually also have depression. The two disorders may occur together and meet the criteria for both
disorders. Approximately 85% of people with depression have a signi�cant anxiety disorder and 90% of
people with anxiety disorders have a depressive disorder[22]. Clinical studies suggest that anxiety not
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only accompanies symptoms of depression but maybe an expected precursor syndrome in the
development of at least some forms of depression. Recent genetic and epidemiological data further
suggest that at least some forms of anxiety and depression may be different phenotypic expressions of
the same genetic predisposition under different environmental conditions. Animal studies further suggest
a causal relationship between anxiety and the development of a behavioral syndrome called "learned
helplessness, " an animal model of depression produced by exposing animals to unavoidable stress.
Many of the behavioral and physiological features of the syndrome are similar to those observed in
patients with depression[44]. Empirical data suggest that depression and anxiety disorders are highly
comorbid; for example, 68% of depressed patients also meet the criteria for comorbid lifetime anxiety
disorders[45]. Similarly, 45%-46% of the 3787 outpatients with depression in the STAR*D study were
considered to meet the criteria for anxiety depression[19].The study of Näslund et al.[23], illustrates the
close relationship between anxiety and depression.

This mixed category should be used if both anxiety and depressive disorders are present, but neither
group of symptoms is su�cient to meet the appropriate diagnosis when considered separately. If severe
anxiety is accompanied by a lesser degree of depression, other categories of anxiety or phobic disorders
should be used. If both depression and anxiety syndromes are present and each is su�cient to meet the
corresponding diagnosis, this category should not be used, but rather the diagnosis of both disorders
should be recorded. For practical reasons, if only one diagnosis can be made, depression should be given
priority. If only worry or excessive worry is present, without vegetative symptoms, this category should not
be used. Some vegetative symptoms (tremors, palpitations, dry mouth, stomach-churning sensation)
must be present, even if they are intermittently present.

Generalized anxiety disorder, on the other hand, is characterized by generalized and persistent anxiety
that is not limited to, or even predominantly seen in, any particular external environment (i.e., "free-
�oating"). As with other anxiety disorders, the predominant symptoms are highly variable, but the
following complaints are common: generalized nervousness, shaking, muscle tension, sweating, light-
headedness, palpitations, dizziness, and epigastric discomfort. Patients often complain that they or a
loved one will soon have an illness or disaster on the horizon. This disorder is more common in women
and is often associated with stress. The course of the disease is variable but tends to �uctuate and
become chronic.

There is also research support that shows that undergraduates are at higher risk of developing mental
health disorders[46]. Compared to seniors, underclassmen are less able to cope with new environments,
making them less effective, and their lack of independence and autonomy makes mental health
conditions more prevalent among underclassmen. This is also a function of the impact of the new
university environment and the stress associated with being away from family and friends.

Subgroup analyses revealed that for females and rural-born subjects, state traits fully and partially
mediated the effect between sleep disturbance and depression, whereas, for males and urban-born
subjects, state traits fully mediated the effect between sleep disturbance and depression. This may be
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related to the fact that females are more sensitive to emotional perceptions and that those born in rural
areas perceive environmental changes more prominently after attending college. Usually, universities are
set up in cities, and the change in the living environment is relatively weak for those who have always
lived in cities. It is possible that this makes the effect of state traits more pronounced for females and
those born in rural areas. The effect of sleep disturbance on depression was entirely dependent on the
change in state traits. This suggests that improving sleep disturbance may prevent depression[39],
Simultaneous improvement in the state traits of the study participants of the intervention would largely
improve depression outcomes[47].

Studies have shown that women have higher levels of anxiety than men, and epidemiological studies
have concluded that women are more likely to experience psychological symptoms than men. This may
be due to the fact that women complain more about high course loads, are more likely to ever complain
about physical and psychological symptoms, and face fewer employment opportunities than men. In
contrast, one study reported that[48], depressive symptoms occur more frequently in men and may be
in�uenced by factors such as anxiety caused by the need to be employed in time to take on family
responsibilities, the effects of substance abuse, or pressure from peers. In our survey facing students of
Anhui Medical University, the prevalence of depression was detected in 41.40% (518) of medical students,
of which 26.65% (327), 13.94% (171), and 0.81% (10) were mild, moderate, and severe, respectively. In the
same survey in foreign medical universities, it was found that in Alexandria University: 57.9% of medical
students suffer from depression. Another study conducted on medical students at the University of
Mansoura reported: the prevalence of depression was 28.3%[49]. Labib et al. of Fayoum University
reported that medical students have statistically signi�cantly higher sources of academic and family
stress than non-medical students.

Previous studies have shown that perceived stress is a major obstacle to sleep and erodes sleep
quality[50]. Speci�cally, the higher the perceived stress, the worse the quality of sleep[51-55], a reduction
in perceived stress is a predictor of better sleep quality. Therefore, in daily life, college students can
improve their sleep quality by reducing or transforming the level of perceived stress. At the same time,
more mental health lectures and activities based on the school can increase the contact between
students and socially relevant[56], and the ability to build stronger, healthier relationships between
students, faculty, and counselors[57], School-based programs can reduce anxiety and depression, and
both demographics and program characteristics can in�uence the effectiveness of school-based mental
health programs[58], Thus, depression can be prevented from occurring. In addition, online sleep
education interventions can also improve sleep behavior, sleep quality, and depression scores. Effective
online sleep education interventions for college students have signi�cant effects on mood and sleep
behaviors[59].

Conclusions And Implications
Research hypothesis 1 that sleep affects the onset of depression and that people with sleep disorders are
more likely to experience depression was supported.
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The research hypothesis that 2-state traits play a mediating role in the in�uence of sleep disorders on
depression was supported.

Therefore, it is of great practical importance to pay attention to the relationship between sleep disorders
and depressive states trait anxiety, so that we can take appropriate measures to improve the sleep quality
of college students and thus reduce depression and anxiety, and promote the physical and mental health
of college students.
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