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Abstract

Background Major depressive disorder (MDD) is a highly prevalent mental disorder with devastating consequences
that often first manifest during adolescence. Anhedonia has emerged as one of the most promising symptoms of
adolescent MDD, which means a longer time to remission, fewer depression-free days, and also increased risk of
suicide ideas or actions. Research has shown that at least two-thirds of depressed adolescents have significant sleep-
onset or sleep-maintenance problems. However, the association between sleep disorder and anhedonia, and the
potential mediators are less understood.

Methods This is a cross-sectional study that includes 200 adolescents suffered from MDD between the ages of
12-17.We use Spearman’s test to explore the relationship among main variables. To evaluate the mediating effects of
stress, we applied regression models and used bootstrap method to validate the significance of effects.

Results Significant correlation exists among sleep disorder, stress, and anhedonia (P<0.05).The direct effect of sleep
disorder on anhedonia was 0.214 (95% Cl: 1.5235, 6.2073), while the total effect was 0.295 (95% Cl: 2.9683, 7.6924). The
indirect effect of sleep disorder on anhedonia mediated by stress was 0.081 (95% Cl: 0.5842, 2.5268). Robustness of
the regression analysis results has been verified by bootstrap test.

Conclusions Our finding suggested a positive correlation between sleep disturbance and anhedonia in adMDD.
Stress partially mediated the relationship between sleep disorder and anhedonia. Due to the deleterious effects of
anhedonia on depressed adolescents, these findings provide impetus to investigate further the causal relationship
between sleep problems and anhedonia.

Trial registration ChiCTR2200060176(Registration Date: 21/05/2022).
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Introduction
Adolescent major depressive disorder (adMDD) is a com-
mon health concern with high prevalence [1], estimated
in a recent study to be 16.9% among the U.S. adolescent
population [2]. Current research suggests that adoles-
cent-onset MDD is more heritable than preadolescent-
onset MDD, which is already more chronic and recurrent
than adult-onset MDD, with common symptoms such as
emotion dysregulation, cognitive dysfunction, and behav-
ioral problems [3]. Moreover, patients with adMDD tend
to face more severe social and educational problems like
interpersonal relationships, physical and mental health,
and general well-being [4]. Anhedonia is one of the two
core symptoms of MDD and is generally accepted as a
decrease in an individual’s ability to experience pleasure
or a loss of interest in previously rewarding stimuli [5].
For adMDD patients, the severity of anhedonia is associ-
ated with greater overall disease severity, longer depres-
sion episode duration, and more frequent episodes of
MDD [6]. Moreover, the impact of anhedonia in ad MDD
patients is particularly prominent which means a higher
risk of non-suicidal self-injury behaviors and even ideas/
attempts of suicide [7]. In addition, adMDD patients with
anhedonia could not achieve complete remission despite
sufficient doses of antidepressant treatment compared
with patients without anhedonia [8]. Therefore, improv-
ing anhedonia symptom in adMDD has become a prior-
ity for better prognosis of adolescence depression.
Evidence has suggested that the association between
sleep and positive affect is particularly robust [9]. What’s
more, sleep-related circadian rhythms of melatonin have
also been demonstrated to be closely correlated with
anhedonia [10]. Sleep disorders potentially influenced
fatigue and a sense of listlessness among individuals,
thereby diminishing their inclination and actual partici-
pation in social activities, which means decreased social
anhedonia [11]. More than 90% of MDD patients have
reported several types of sleep problems, such as insom-
nia, difficulty in falling asleep, more times of awaken-
ings and early morning awakenings [12]. Furthermore,
many clinical trials have reported that insufficient sleep
is prevalent globally among adolescents. An extensive
cohort study indicates that the proportion of adolescents
regularly sleeping for >7 h per night has decreased to less
than 40% in the past 20 years [13]. Previous research also
shows that at least two-thirds of adMDD patients suffer
from severe sleep disturbances [14]. A more recent lit-
erature review suggests that the presence of these sleep
problems is associated with a more unfavorable disease
course of MDD, increased symptom severity, more fre-
quent and increased risk of relapses, poorer therapeu-
tic response, more treatment resistance, and increased
suicide risk in patients with MDD [15]. However, the
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relationship between sleep disorder and anhedonia in
patients with adMDD is still unclear.

Stress has been found closely correlated with sleep-
related disorders. Several studies have identified the
moderating role of sleep in the effects of stress [16—18].
In particular, family stress, peer victimization and paren-
tal conflict have been more strongly associated with
internalizing symptoms among adolescents and tended
to have lower sleep quality and efficiency and shorter
sleep duration comparing with those better sleepers
[19]. What’s more, another study has highlighted the
importance of recording the fluctuations in night sleep
affecting next-day stress and its impact on daytime func-
tioning, and also demonstrated that poor sleep quality
or short sleep duration is predictive of higher next-day
stress, especially the role of slow wave sleep and rapid
eye movement sleep in regulating the perception of stress
[20]. However, the details about the relevance in stress,
sleep disturbance and anhedonia in adMDD patients still
need further study.

Previous research has confirmed that the relationship
between perceived stress and anhedonia during psycho-
therapy treatment exists. More precisely, reducing the
level of perceived stress by early treatment was able to
make changes in hedonic functioning during mid-late
treatment. Therefore, what is especially vital for us is to
evaluate new interventions for anhedonia to measure
stress levels repeatedly [21]. Stress also is a well-validated
predictor for the occurrence and relapse of depression
[22, 23], and depression has been confirmed by numerous
experiments that reward-related function always changes
[24]. Increased level of inflammation caused by stress is
an important mechanism bridging stress and reward dys-
function. After confronting with chronic stress or acute
stressors, the responsiveness of neural and behavioral
reward tend to reduce in humans [25], which also been
found in animal [26]. In addition, a study which included
a large sample of 8 to 14 years old has demonstrated that
adolescents who experienced stressful life events or sleep
problems are at an increased risk of developing depres-
sive symptoms if they characterized by a decreased
reward response [27]. Previous study has already dem-
onstrated the worse performance during reward-related
task, when participants have poorer sleep quality, longer
awakening and shorter sleep duration [28].

Therefore, we hold the view that adMDD with sleep
disorders are more prone to the impacts of external stress
events. Even comparatively trifling stress events have the
potential to instigate substantial emotional swings and
stress reactions. These adolescents experience difficul-
ties in wholeheartedly participating in a diverse range
of activities, which in turn diminishes the probability
of deriving pleasure from such undertakings. The pro-
tracted absence of these activities will further intensify
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the symptoms of anhedonia. This study is designed to
explore the relationship between sleep disorder, stress,
and anhedonia in adMDD. The main hypotheses of our
study encompass the following three:

Hypothesis 1 Anhedonia is influenced by sleep disorder.
Hypothesis 2 Stress is influenced by sleep disorder.
Hypothesis 3 Anhedonia is influenced by stress.

Methods

Study design and participants

In this cross-sectional study, we collected data from 200
patients diagnosed with adMDD to explore the relation-
ship between anhedonia and sleep disorder. The defini-
tion of adolescence was set from 12 to 17, similar to
the article by Renee D. Goodwin [2]. These adolescents
were diagnosed with MDD based on the diagnostic cri-
teria defined in Diagnostic and Statistical Manual of
Mental Disorders (Fifth Edition), and informed consent
was obtained from them and their legal guardians at the
beginning of the study. Exclusion criteria were set to
exclude those who used antidepressants and/or sedative
and hypnotic drugs within the past two weeks, had any
other comorbid psychiatric disorders, a history of alcohol
or drug use disorder and acute poisoning, communica-
tion disorders (language barrier, severe visual or auditory
impairment), neurology diseases such as epilepsy, or had
participated in other clinical trials. Our study was con-
ducted according to the 1975 Declaration of Helsinki,
and all participants provided written consent.

Sample size

We estimated the sample size by using the software of
G*Power 3.1. There were totally 14 variables in this study.
Assuming that the effect size of this study was 0.15, the
two-tailed alpha level was 0.05, and the power value was
0.8, we calculated that the sample size for this study was
at least 135. Considering 20% of invalid questionnaires,
the minimum sample size for this study was determined
to be 169.

Instruments

This study was an investigation study, and three scale
tools were utilized as follows. The primary aim was to
explore the relationship between the symptoms of anhe-
donia evaluated by the Snaith-Hamilton Pleasure Scale
(SHAPS) scores and sleep disorders. According to the
scores of the Pittsburgh Sleep Quality Index (PSQI), par-
ticipants were divided into two different groups, which
were sleep disorder (PSQI>7) and no sleep disorder
(PSQI<7) [29-32]. PSQI was used to evaluate subjects’
sleep quality in the past month. The final score consisted
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of 18 self-evaluation items divided into 7 factors, each
scoring 0-3 points. The total PSQI score was the cumula-
tive scores of each factor, with a total score range of 0-21
points. The higher the score obtained, the poorer the
sleep quality a participant would have. In this study, the
SHAPS was used to evaluate symptoms of anhedonia by
assessing subjects’ pleasure experiences in four aspects:
interest/entertainment, social interaction, sensory expe-
rience, and food/beverage [33]. The total score on this
scale was 14-56 points, with higher scores indicating
greater losses in pleasure.

The Stressors Scale for Middle School Students
(SSMSS) was applied to assess related stressors of ado-
lescents. Stressor was measured by the 39-item SSMSS
(Chinese version). We used this scale to reflect the stress-
ful life events that high school students often encounter
in their daily life. It consists of seven subscales: Learning
stress, Teacher stress, Family environment stress, Par-
enting style stress, Classmates and friends stress, Social
and culture stress, Physical and psychological stress.
Items were measured on a 5point Likert scale (0 refers to
“none’1 refers to “slight’; 2 refers to “moderate’; 3 refers
to “severe’, 4 refers to “extremely”). The reliability and
validity of this scale has been validated [34].

Several covariates were also included in this study, such
as age, gender, height, weight, place of residence, one
child or not, grade of education, academic performance,
living status in the past year and parental education level.

Procedures

Researchers screened 640 adolescent patients who came
to the outpatient department of the Department of Psy-
chiatry in Xijing Hospital from May 2022 to February
2023. After being screened and evaluated by researchers
based on the inclusion and exclusion criteria, qualified
adMDD patients were included in the trial. All partici-
pants firstly signed informed consent forms by them-
selves and their legal guardians. Researchers involved
in this study has been strictly trained. Participants were
asked to independently complete three paper-version of
self-assessment scales in a quiet location without discus-
sion or collaboration. It took approximately 15 to 20 min
to complete all three self-assessment scales. To protect
patients’ privacy, participants completed these question-
naires anonymously and their responses would be kept
strictly confidential by researchers. Researchers carefully
examined each one for completeness after collecting the
questionnaires.

Ethical approval

All procedures followed the principles of the Declaration
of Helsinki and were approved by the Ethics Committee
of Xijing Hospital of the Fourth Military Medical Uni-
versity (KY20222058-F-1). We completed registration at
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the Chinese Clinical Trial Registration Center before we
included the first outpatients (ChiCTR2200060176; Reg-
istration Date: 21/05/2022).

Statistical analysis

Data analysis was performed using IBM SPSS Statistics
26 (IBM Corp., Armonk, NY, USA) and its macro, PRO-
CESS. As for the analysis of baseline data, participants
were classified into two groups: “with sleep disorder” and
“without sleep disorder, which was based on whether
the PSQI score was higher than 7. Categorical variables
were presented in terms of frequencies and percentages,
while continuous variables were described by means and
standard deviation (SD). Kolmogorov-Smirnov tests were
performed for data normality; two-sample ¢-tests were
used for continuous variables that conform to the nor-
mal distribution, y? test or Fisher’s exact test was used by
categorical variables, and P value was calculated. Spear-
man correlation analysis was applied to evaluate correla-
tions among sleep disorder, anhedonia and stress. What’s
more, to analyze the relationship between sleep disorder,
anhedonia and stress, we took the recommendations
of Judd and Kenny into consideration, and we applied
Baron and Kenny’s causal step approach in current study.
Thus, we establish three regression models to estimate
the ensuing effects. Firstly, we confirm the effect of sleep
disorder on anhedonia. Next, we test the effect of sleep
disorder on stress. Then, we verify the effect of stress on
anhedonia when sleep disorder is controlled. Lastly, we
validate the effect of sleep disorder on anhedonia when
stress is controlled. To mitigate the potential effect of
confounders and improve the accuracy of model estima-
tion, we included covariates in all regression analyses.
In addition, we verified these effects by bootstrapping
with 5000 samples and we also show the 95% confidence
interval. Statistical significance level was set at P<0.05
(two-tailed).

Results

Descriptive statistics

From May 2022 to February 2023, 640 adolescent patients
were screened. Of these, 405 failed to meet the inclusion
criteria, 12 declined to take part, 5 opted to discontinue
filling out the scale midway, and 18 had severe logi-
cal flaws in their scale data. Ultimately, 200 adolescent
patients with MDD who met the inclusion and exclusion
criteria were included in this study and asked to complete
the questionnaires. For continuous variables that follow
a normal distribution, such as age, height and weight,
a two-sample t-test was performed. In contrast, a x° or
Fisher’s exact test was conducted for categorical variables.
The results showed that (a) Among adMDD patients, the
prevalence of sleep disorder is 85.5% (171/200); (b) Base-
line data of the two groups of patients, including age,
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gender, weight, place of residence, whether they were the
only child, academic level, and parental education level,
were balanced (all P > 0.05). As illustrated in Table 1.

Correlations of sleep disorder, stress and anhedonia

As shown in Table 2, the results of Spearman correla-
tion analysis showed that correlations among anhedo-
nia, stress, and sleep disorder were notable, respectively
(P<0.01). Specifically, sleep disorder was positively
associated with anhedonia (»=0.282, P<0.01) and stress
(r=0.289, P<0.01). Sleep disorder was positively associ-
ated with stress (r=0.289, P<0.01).

Mediating effect analysis

We applied regression analysis to explore the mediat-
ing effect of stress. For every regression model, we firstly
calculate the variance inflation factor (VIF), and the
corresponding VIF of all the variables are <3. There-
fore, excessive multicollinearity problem didn't exist.
The results of the mediation analysis of stress showed
in Table 3; Fig. 1, which has controlled related covari-
ates. Sleep disorder was a significant predictor of anhe-
donia (£=0.295, P<0.01) in the total effects regression.
This relationship remained significant when stress was
considered ($=0.214, P<0.01). Moreover, sleep disorder
showed a significant effect on stress (8=0.268, P<0.01),
whereas stress exerted a significant effect on anhedonia
(8=0.303, P<0.01).

To validate the effect of different paths, we applied
the method of bootstrap tests. As shown in Table 4, the
results indicated that the direct effect of sleep disorder on
anhedonia was 0.214 (95% CI: 1.5235, 6.2073), while the
total effect was 0.295 (95% CI: 2.9683, 7.6924). The indi-
rect effect of sleep disorder on anhedonia mediated by
stress was 0.081 (95% CI: 0.5842, 2.5268). The effect of all
paths was prominent, which suggested robustness of the
mediation analysis.

Discussion
The current study demonstrated a positive correla-
tion between sleep disorder and anhedonia in adMDD
patients. Stress partially mediated the relationship
between sleep disorder and anhedonia. Robustness of
our results has been validated by the Bootstrap methods.
Sleep disorders are among the most prevalent symp-
toms in patients with MDD, with 92% reporting sleep
complaints [12]. In the current study, we used PSQI, a
well-validated self-report questionnaire that has been
widely used in many sleep-related studies [29, 35]. The
adMDD patients enrolled in this study were categorized
into “no sleep disorder” (PSQI<7) and “sleep disorder”
(PSQI>7) groups, based on previous studies [29]. We
found that 85.5% (171/200) of adMDD patients had sleep
disorder. Although there is a significant difference in the
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Table 1 Characteristics of the study population
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Variables Total No sleep disorder Sleep disorder P
(n=200) (n=29) (n=171)
Age (y), Mean£SD 149+15 148+15 149+15 0.693
Gender, n (%) 0.541
Male 65 (32.5) 8(27.6) 57 (333)
Female 135 (67.5) 21 (72.4) 114 (66.7)
Height (cm), Mean£SD 1664+79 163.4+69 1669+79 0.028
Weight (kg), Mean +SD 564£12.0 546+12.8 56.7£11.9 0.386
Household registration, n (%) 0.740
Urban 161 (80.5) 24(82.8) 137 (80.1)
Rural 39(19.5) 5(17.2) 34.(19.9)
One child, n (%) 0.550
No 121 (60.5) 19 (65.5) 102 (59.6)
Yes 79 (39.5) 10 (34.5) 69 (40.4)
Grade, n (%) 0.789
Middle school 97 (48.5) 13 (44.8) 84 (49.1)
High school 98 (49.0) 16 (55.2) 82 (48.0)
Professional school 5(2.5) 0(0.0) 59
Academic performance, n (%) 0.174
Bad 49 (24.5) 4(13.8) 45 (26.3)
Moderate 126 (63.0) 23(793) 103 (60.2)
Good 25 (12.5) 2(6.9) 23(13.5)
Living arrangement, n (%)
All members 23(11.5) 2(6.9) 21(12.3) 0.000
(including grandparents)
With parents 149(74.5) 25(86.2) 124(72.5)
Single parent 14(7.0) 2(6.9) 12(7.0)
Others 14(7.0) 0(0.0) 14(8.2)
Father’s degree, n (%) 0678
Primary or middle school 93 (46.5) 15(51.7) 78 (45.6)
High school 60 (30.0) 9(31.0) 51(29.8)
University or above 47 (23.5) 5(17.2) 42 (24.6)
Mother's degree, n (%) 0.464
Primary or middle school 97 (48.5) 17 (58.6) 80 (46.8)
High school 63 (31.5) 8(27.6) 55(322)
University or above 40 (20.0) 4(13.8) 36 (21.1)
SHAPS, Mean +SD 356+64 311458 363162 0.000
SSMSS, Mean +SD 5174232 36.1+154 543+232 0.000

Note: Data were expressed as n/N (%) or mean+SD

Table 2 Bivariate correlation matrix for anhedonia, stress and
sleep disorder

Variables Anhedonia Stress Sleep disorder
Anhedonia 1

Stress 0.415** 1

Sleep disorder 0.282%* 0.289** 1

Note: **£<0.01

number of individuals between the two groups, this pro-
portion is consistent with what has been reported in pre-
vious literature. Moreover, in another large-scale national
community sample study that defined sleep disorders
based on the DSM-IV diagnostic criteria, the prevalence
of sleep disorders in patients with MDD was found to be

83.5% [36], further validating that this study effectively
distinguished sleep disorders using PSQI.

The present study has confirmed that sleep disorder
has a positive predictive effect on anhedonia in adMDD,
which supports hypothesis 1. There are several prospec-
tive mechanisms that form the basis of this relationship.
Accumulating evidence has suggested that the asso-
ciation between sleep and positive affect is particularly
robust [9]. For instance, recently published research
including 79 good sleeping adults eventually found that
trait positive affect could protect persons from inflamma-
tory activation following sleep loss, with the potential to
mitigate the adverse health consequences of sleep disor-
der [37]. What’s more, only 1.5-2 h shorter-than-usual
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Table 3 The mediating role of stress between anhedonia and sleep disorder
Variables Anhedonia Stress Anhedonia
Sleep disorder 0.295*** 0.268*** 0.214%**
(2.968,7.692) (8.766,26,429) (1.524,6.207)
Age 0.113 0.015 0.108
(-0.444,1.399) (-3.214,3.677) (-0.420,1.336)
Height 0.036 0.189 -0.022
(-0.139,0.197) (-0.072,1.185) (-0.179,0.144)
Weight -0.148 -0.128 -0.109
(-0.166,0.010) (-0.577,0.084) (-0.142,0.027)
Gender 0.105 0.093 0.077
(-0.919,3.766) (-4.147,13.370) (-1.199,3.278)
Household registration 0.096 -0.006 0.098
(-0.769,3.855) (-9.010,8.282) (-0.630,3.777)
One child or not 0.034 -0.017 0.039
(-1.351,2.229) (-7.500,5.886) (-1.200,2.212)
Grade -0.190 -0.149 -0.145
(-4.618,0.186) (-15.283,2.680) (-3.992,0.609)
Academic performance -0.134*% -0.230*** -0.064
(-2.814,-0.035) (-14.104,-3.715) (-2.046,0.681)
Living arrangement 0.099 0.069 0.120
(-0.305, 2.168) (-6.992,2.254) (-0.053,2.310)
Father's degree -0.029 -0.022 -0.022
(-1.872,1.412) (-6.780,5.499) (-1.742,1.388)
Mother’s degree -0.181 -0.129 -0.142
(-3.185,0.217) (-10.199,2.522) (-2.791,0.0463)
Stress 0.303%**
(0.046,0.120)
Constant 24.75 -31.110 27.315%
(-3.757,53.208) (-137.608,75.389) (0.150,54.480)
Samples 200 200 200
R-squared 0.224 0.127 0.250

Note 95% confidence intervals in brackets; *P<0.05, **P<0.01, ***P<0.005

0.295%**
Sleep disorder > Anhedonia
Stress
0.268%*** 0.303%**
Sleep disorder > Anhedonia
0.214%%**

Fig. 1 Relationship between sleep disorder, stress and anhedonia
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Table 4 Bootstrap tests for mediation models

Paths Observed Bootstrap P LLCI ULCl
Coefficient Standard
Error
Indirect effect 0.081 0.4953 0.5842 25268
Direct effect 0214 1.1871 0.0013 1.5235 6.2073
Total effect 0.295 1.1973 0.000 29683 7.6924

Note: LLCI, lower level for confidence interval; ULCI, upper level for confidence
interval

sleep duration for 3 consecutive nights in their own home
was enough to make subjects become more impulsive
and experienced reduced positive affect in the morning
[38, 39]. Thus, sleep disorder not only affects generalized
levels of positive affect, but also changes emotion respon-
sivity to pleasurable or rewarding experiences. Notice-
ably, reward system dysfunction tends to be implicated in
the clinical experience of anhedonia or low positive affect
used in many trials [40]. A number of studies has dem-
onstrated the link between sleep disorder and reward
processing. Researchers found that protracted short sleep
obviously influenced food reward process in adolescents,
which greatly increased the appeal and reinforcing value
of a variety of foods and therefore increased the risk of
obesity [41, 42]. Adolescences showed worse perfor-
mance in monetary reward task when they had sleep
problems such as insomnia. At the same time, the result
of functional magnetic resonance imaging scan also indi-
cated some changes in prefrontal cortex which means a
disrupting response to reward anticipation [39]. Later
sleep onset time and lower sleep quality in healthy ado-
lescence also indicated a lower score during reward antic-
ipation and outcome and less activation in the caudate in
a guessing task with monetary rewards [43]. Therefore,
accumulating research has confirmed that neural activity
in response to reward processing has robust association
with sleep, which also indicated the link between sleep
disorder and anhedonia.

Sleep disorder is associated with an increased stress
level in adMDD, confirming hypothesis 2. Firstly, adMDD
with sleep disorder maybe more sensitivity to stressors.
Previous study has demonstrated that worse sleep qual-
ity was relevant to higher post-recovery negative emo-
tion, whereas worse sleep efficiency was associated with
lower post-recovery positive emotion. The results suggest
that poor sleep is connected with delayed affective recov-
ery from a stressful event [44]. In addition, research on
animals has demonstrated that increased non-rapid eye
movement sleep is a positive response to social-defeat
stress that plays a vital role in promoting resilience [45].
What’s more, cortisol rhythm also is an neglectable
mechanism linked with both daily variations in sleep
behaviors and ongoing sleep disorder [46]. Last but not
least, researchers also confirmed that mouse exposed
to sleep deprivation experienced the deterioration of
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mitochondria, suggesting that oxidative stress can be
provoked by sleep deprivation, which maybe another
proof of the relationship between sleep disorder and
stress [47].

Stress is highly relevant to anhedonia in adMDD, sup-
porting hypothesis 3. Considerable progress has been
made to clarify the plausible mechanisms bridging the
occurrence of stress and the onset of anhedonia. In the
first, stress can modify mesolimbic reward-related pro-
cessing, especially dopamine system, which are closely
linked to anhedonic behavior [48]. Stress can disturb the
interaction between medial prefrontal cortex (mPFC)
and mesolimbic by remodeling dendritic in mPFC. For
example, chronic restraint stress cause dendritic shrink-
age in mPFC [49]. What’s more, stress can increase the
risk of several mood disorders, such as MDD and post-
traumatic stress disorder, which all involve the symp-
tom of anhedonia [50]. Neuroendocrine stress responses
are vital to keep healthy. Corticotropin-releasing fac-
tor (CRF) activity in the mesolimbic pathway plays an
important role in reward motivation following stress [51].
By injecting CRF antagonist into ventral tegmental area,
motivation to work for food reward obviously increase
after restraint stress [52]. What’s more, clinical researches
have demonstrated association between stress, especially
early life stress, and anhedonia [53, 54].

From the results of Bootstrap analysis, we found that
stress played a partially role to mediate the relationship
between sleep disorder and anhedonia in adMDD. The
direct effect of sleep disorder on anhedonia was 0.214,
the total effect was 0.295, and the indirect effect medi-
ated by stress was 0.081. Consequently, we can’t neglect
that sleep disorder for adMDD is potentially able to
accelerate the deterioration of the stress level regard-
less of being objective or subjective, thereby increasing
the risk of anhedonia in the adMDD population. There-
fore, we should not only focus on the sleep of adMDD,
but also pay great attention to the stressful life event they
experienced. Outlining an anhedonic phenotype based
on etiology is essential for psychiatric research. This phe-
notype can assist in enhancing homogeneity in clinical
research samples. Moreover, the consequent increase in
statistical power can make it simpler to identify crucial
vulnerability factors for chronic and severe anhedonia.
Consequently, recognizing vulnerability elements and
proximate causes of anhedonia may improve prognosis
and find novel treatment objectives.

Our research also has several limitations. Firstly, cur-
rent study is cross-sectional, which means that patients
may experience sleep disorders and anhedonia symptoms
simultaneously. Therefore, we could only analyze the cor-
relation relationship and further longitudinal studies are
needed to determine whether there is a causal relation-
ship. Secondly, although the PSQI has been repeatedly
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validated and widely used to assess patients’ sleep quality,
there is still some subjectivity in defining patients’ sleep
status through the scale. The primary outcome defini-
tion uses the scale score as a categorical variable, which
may lead to the omission of some information. In future
studies, applying polysomnography may better clarify
the relationship between sleep disorders and anhedo-
nia in patients with adMDD. Thirdly, although we have
collected as many confounding variables as possible, it
is still likely that some have been omitted, such as fam-
ily income status and family history. These possible con-
founding factors could be collected and incorporated
into the analysis in future studies. Last but not least, the
Stressor Scale for Middle School Students used in this
study may not fully capture the breadth of stressors expe-
rienced by adolescents. Future research is better to adopt
more comprehensive assessment tools to better reflect
the complexities of adolescent stress.

In summary, Hypothesis 1 pinpoints the effect of
sleep disorders on anhedonia in adMDD. Subsequently,
Hypothesis 2 ascertains the influence of sleep disorders
on the stress levels of such patients. Eventually, Hypoth-
esis 3 substantiates the indirect mediating function of
stress factors. Hence, it is our contention that sleep disor-
ders not only have an impact on an individual’s emotional
condition but also heighten the sense of stress. Prolonged
exposure to sleep disorders leads to feelings of fatigue,
anxiety, and depression, accompanied by a diminished
engagement in social activities. Given that social activi-
ties represent a crucial source of enjoyment and content-
ment, protracted social isolation serves to exacerbate
anhedonia symptoms. Moreover, in the event of insuffi-
cient sleep, the brain’s attentional capacity is restricted,
rendering it difficult to wholeheartedly participate in
diverse activities. This, in turn, curtails the likelihood of
deriving pleasure therefrom and further compounds the
anhedonia symptoms.

Conclusion

Current study clarified the relationship among sleep
disorder, stress and anhedonia in adMDD. Our find-
ings showed significant correlations among sleep disor-
der, stress and anhedonia in adMDD. Stress was found
to partly mediate the relationship between sleep disor-
der and anhedonia. Therefore, we should not only focus
on the problem of sleep of adMDD, but also pay great
attention to the stressful life event they experienced. By
this way, we could probably improve the symptom of
anhedonia and eventually the prognosis of adolescence
depression.
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