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Abstract

Depression has been a pressing mental health concern among contemporary adolescents.
Accumulating evidence suggests that individuals’ circadian preference—chronotype—may
be associated with adolescent depression, yet the potential mediating and moderating roles
within this association have received limited attention in existing research. The present
study aimed to examine the relationship between chronotype and depression among ado-
lescents, as well as the mediating role of bedtime procrastination and the moderating
role of parental psychological control. A cross-sectional study was conducted among
4324 adolescents (63.9% female; mean age = 16.24 & 0.92 years) using a questionnaire
survey method. All participants completed self-report measurements, including the Com-
posite Morningness Questionnaire (CMQ), Bedtime Procrastination Scale (BPS), Patient
Health Questionnaire-9 (PHQ-9), and Parental Psychological Control Scale (PPCS). The
results showed that chronotype was significantly and negatively associated with depres-
sion among adolescents (f = —0.461, p < 0.001). Bedtime procrastination partially medi-
ated the association between chronotype and adolescent depression (8 = —0.257, 95%CI
[—0.283, —0.232]), with a mediating effect size of 55.75%. Moreover, parental psychological
control moderated the direct association between chronotype and depression (8 = —0.043,
95%CI [—0.070, —0.016]), as well as the association between bedtime procrastination and
depression (8 = 0.120, 95%CI[0.092, 0.148]). Specifically, high levels of parental control were
linked to a more pronounced relationship between chronotype and depression, as well as
a stronger association between bedtime procrastination and depression. These findings
advance our understanding of how chronotype is related to adolescent depression, and
suggest that multilevel interventions targeting sleep hygiene practices and family dynamics
may be promising for reducing depressive risk among vulnerable adolescents. However,
given the cross-sectional design, future longitudinal or experimental studies are needed to
establish temporal precedence and further test these associations.

Keywords: chronotype; depression; bedtime procrastination; parental psychological control;
adolescents

1. Introduction

Depression is one of the most prevalent mental health problems among adolescents
(Singh et al., 2023). During this developmental period, both its prevalence and symptom
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severity increase significantly, driven by rapid physiological and psychological maturation
as well as substantial changes in social and academic environments (Hankin et al., 2015).
Epidemiological evidence indicates that the global prevalence of depression among adoles-
cents ranges from 5% to 24% (Askari et al., 2024; Shorey et al., 2022), with estimates in China
ranging from 10% to 24.6% (Yue et al., 2015; S. ]. Zhou et al., 2020). Depressive symptoms
exert widespread and persistent adverse effects on adolescents” academic performance,
social functioning, and self-concept development. Moreover, they substantially increase the
risk of chronic mental health disorders (e.g., major depressive disorder, anxiety disorders) if
unresolved into adulthood (Thapar et al., 2022). In severe cases, adolescent depression may
even lead to suicidal ideation and non-suicidal self-injury behaviors (Zubrick et al., 2017).
Given the high prevalence and detrimental consequences of adolescent depression, identify-
ing relevant risk factors and understanding the processes involved are critical for informing
evidence-based prevention and targeted intervention strategies to promote adolescent
mental health.

1.1. Chronotype and Depression in Adolescents

Among the numerous risk correlates of adolescent depression, chronotype has
emerged as a robust and clinically meaningful construct, attracting increasing research
attention in recent years (Bauducco et al., 2020; Haraden et al., 2017; Horne et al., 2019;
Shi et al., 2019). Chronotype refers to an individual’s circadian preference, reflecting
inter-individual differences in the timing of sleep—wake patterns and daily activity peaks
(Taylor & Hasler, 2018). It is commonly classified into morning, intermediate, and evening
types (Rique et al., 2014). Morning-type individuals typically wake early and reach
peak alertness and performance in the first half of the day (Taillard et al., 2004). In
contrast, evening-type individuals exhibit delayed sleep-wake schedules, with opti-
mal cognitive and physical functioning occurring in the late evening (Adan et al., 2012;
Montaruli et al., 2017). A growing body of research evidence indicates that chronotype
is associated with depression (Zou et al., 2025) and can negatively predict depression in
adolescence (F. Wang et al., 2025). According to the two-process model of sleep regula-
tion (Dijk & Lockley, 2002), the human’s sleep—wake cycle is governed by the interaction
between homeostatic sleep pressure and circadian processes. Circadian dysregulation—
namely, misalignment between an individual’s internal circadian rhythm and external
social schedules—can readily lead to sleep disruptions and complaints, which in turn
constitute important proximal antecedents of emotional disorders such as depression and
anxiety (Bautista et al., 2025; Ye et al., 2025). Cross-sectional studies have consistently
shown that individuals with an evening preference exhibit a higher prevalence of emo-
tional problems compared to morning or intermediate types (Zhang et al., 2023). A recent
study by Mao et al. (2024) further found that evening chronotype was robustly associ-
ated with depression in adolescents. From the perspective of social jetlag, eveningness
is associated with disrupted emotional regulation and a higher likelihood of depressive
and anxious symptoms, which may reflect the conflict between an individual’s internal
biological clock and social or work schedules (Lee et al., 2011; Wittmann et al., 2006). De-
spite accumulating evidence linking chronotype to adolescent depression, the mediating
and moderating roles within this association remain understudied. To address this gap,
the present study explored a moderated mediation model with a large sample of Chinese
adolescents, examining whether bedtime procrastination mediates this association and
whether parental psychological control moderates it.
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1.2. The Potential Mediating Role of Bedtime Procrastination

Bedtime procrastination is defined as going to bed later than intended without any
external constraints (Kroese et al., 2014). It differs from typical procrastination, which
involves a delay in aversive tasks, in that sleep is generally not regarded as aversive
(Kroese et al., 2016). Previous research has indicated that there is a close relationship be-
tween chronotype and bedtime procrastination in both adolescents and college students
(Carciofo & Cheung, 2025; Z. Y. Liu et al., 2025). For example, compared to morning-type
adolescents, those with evening-type chronotypes report significantly higher levels of
bedtime procrastination (Kadzikowska-Wrzosek, 2020). This pattern has been further cor-
roborated by follow-up studies, which indicate that evening types engage in more frequent
bedtime procrastination, and this behavior becomes even more pronounced on non-school
days or when self-regulatory resources are relatively abundant (Pu et al., 2022). Addi-
tionally, researchers have found that evening-type individuals typically exhibit weaker
pre-sleep self-control and greater difficulty resisting immediately rewarding activities
(e.g., using mobile phones or watching videos), which in turn increases their likelihood of
bedtime procrastination (Exelmans & van den Bulck, 2017; Kamphorst et al., 2018). Beyond
its association with chronotype, bedtime procrastination is also closely related to depressive
symptoms. A recent meta-analysis has confirmed a significant positive association between
bedtime procrastination and depression among adolescents (Azeem et al., 2026). Consis-
tent with this, both cross-sectional and longitudinal studies demonstrate that adolescents
and young adults who engage in more frequent bedtime procrastination report higher
levels of depressive symptoms (Cui et al., 2021; Guo et al., 2020). As a maladaptive pre-sleep
behavior, bedtime procrastination contributes to insufficient sleep duration and poor sleep
quality (Zhu et al., 2022), both of which are well-established proximal risk factors for de-
pression (Soltani et al., 2023). Furthermore, sleep insufficiency has been linked to disrupted
functional connectivity between the striatum and the default mode and somatosensory net-
works (L. Wang et al., 2018), and such sleep-related neural dysregulation may be associated
with vulnerability to depression. Additionally, according to the temporal self-regulation
theory (Cameron, 2010), evening-type adolescents tend to prioritize immediate gratification
over delayed sleep benefits. This self-regulatory conflict may not only foster bedtime
procrastination but also amplify their vulnerability to depressive symptoms. Therefore,
based on the evidence outlined above, we propose that bedtime procrastination would
mediate the relationship between chronotype and depression in adolescents.

1.3. The Potential Moderating Role of Parental Psychological Control

Parenting style is a central contextual factor in adolescent development (Darling &
Steinberg, 2017). Among various parenting dimensions, parental psychological control—
characterized by intrusive strategies such as guilt induction and love withdrawal—has
been consistently associated with maladaptive psychological outcomes (Barber et al., 1994;
Shek & Law, 2014). Previous research has shown that adolescents who perceive
higher levels of parental control are more likely to develop an evening chronotype
(Eberhardt & Gunn, 2019) and that parental psychological control is associated with both
chronotype and depression (Dong et al., 2022). Neuroimaging studies have also revealed
that high psychological control disrupts prefrontal-limbic connectivity during emotional
processing, thereby increasing individuals” depression risk (Marusak et al., 2018). Grounded
in the two-process model of sleep regulation, eveningness is associated with circadian mis-
alignment and emotional dysregulation (Dijk & Lockley, 2002). High parental psychological
control may further restrict autonomy and undermine emotional adjustment, thereby am-
plifying the link between evening chronotype and depressive symptoms (Hare et al., 2015;
Marusak et al., 2018; Pérez et al., 2021), whereas lower levels may provide a protective
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context that buffers the negative emotional consequences associated with an evening
chronotype. Accordingly, based on relevant theory and empirical studies, we assumed that
parental psychological control would play a moderating role in the association between
chronotype and depression in adolescents.

Existing research has also shown that parental psychological control is associated with
adolescents’ bedtime procrastination behavior (Eberhardt & Gunn, 2019; Deng et al., 2024).
It has been found that evening-type individuals tend to exhibit weaker pre-sleep self-control
and greater difficulty resisting immediately rewarding activities, which may be associated
with a greater tendency toward bedtime procrastination (Exelmans & van den Bulck, 2017;
Kamphorst et al., 2018). According to self-determination theory (Deci & Ryan, 2012),
excessive parental psychological control may hinder the development of adolescents’
autonomy and self-regulatory capacities (Yilmaz & Biiyiikcebeci, 2019). Given that
self-regulation deficits are a risk factor for bedtime procrastination (Kiihnel et al., 2018;
Kadzikowska-Wrzosek, 2020), adolescents exposed to higher levels of psychological con-
trol may be particularly vulnerable to bedtime procrastination. Empirical evidence also
shows a positive association between parental psychological control and bedtime procrasti-
nation, mediated by negative affect and reduced self-control (Deng et al., 2024). Conversely,
lower levels of psychological control may preserve adolescents’ regulatory resources and
emotional resilience, mitigating the negative impact of bedtime procrastination on mental
health. Building on these findings, we proposed that parental psychological control would
be a moderator in the relationship between chronotype and depression within the medi-
ating role of bedtime procrastination. In other words, the negative association between
chronotype and bedtime procrastination would be stronger among adolescents with high
parental psychological control and weaker among those with low parental psychological
control; similarly, the positive association between bedtime procrastination and depression
would be stronger among adolescents with high parental psychological control and weaker
among those with low parental psychological control.

1.4. The Present Study

The present study focused on adolescents as the research subjects and aimed to inves-
tigate the relationship between chronotype and adolescent depression, with a particular
focus on the mediating and moderating roles in this association. Specifically, the first
objective was to examine the mediating role of bedtime procrastination in the link between
chronotype and depression. The second objective was to assess the moderating role of
parental psychological control within this mediation model. Based on previous theoretical
and empirical evidence, we proposed the following hypotheses: (1) Chronotype would
be negatively associated with adolescents” depression; (2) bedtime procrastination would
mediate the association between chronotype and depression; and (3) parental psychological
control would moderate both the direct association between chronotype and depression
and the indirect association via bedtime procrastination.

2. Methods
2.1. Participants and Procedure

A questionnaire-based cross-sectional study was conducted from September to Novem-
ber 2024 at a public high school in Hefei, Anhui Province, China. The school was selected
based on accessibility and its willingness to participate and comprised a total of 58 classes
across Grades 10 to 12. Using a cluster sampling approach, we recruited all students from
randomly selected classes across these grades, with intact classes as the sampling units.
A total of 4324 students were invited to participate. Among the participants, 63.9% were
female, and 36.1% were male, with an average age of 16.24 £ 0.92 years. The vast majority

https://doi.org/10.3390/bs16081327


https://doi.org/10.3390/bs16081327

Behav. Sci. 2026, 16, 1327

50f17

(80.9%) were rural residents, and the remaining 19.1% were urban residents. 94.4% of the
adolescents came from intact families and 5.6% from single-parent families. Approximately
94.0% of the adolescents reported that they were not the only child. Most adolescents
(84.9%) reported an average family economic status, while 9.5% and 5.6% reported very
good and very poor economic conditions, respectively. In addition, 16.8% of the adoles-
cents’ fathers and 33.5% of their mothers had a primary school education or below. Prior to
data collection, all participants and their primary caregivers provided informed consent.
Under the supervision of well-trained school teachers, all participants completed self-report
questionnaires that assessed sociodemographic information, chronotype, bedtime procras-
tination, depression, and parental psychological control. During this session, they were
informed that participation was voluntary and that they could withdraw from the study
at any time. The study was reviewed and approved by the Ethics Committee of Tianjin
Normal University and was conducted in accordance with the Declaration of Helsinki.

2.2. Measurements
2.2.1. Chronotype

Chronotype was measured using the Composite Morningness Questionnaire (CMQ;
Lu et al., 2016). This questionnaire consists of 13 items (e.g., “Think about the pace of life
that makes you feel best”; “If you could plan your entire day, when would you get up?”).
These items were clearly divided into three factors: morning activity, morning influence,
and night situation. Items 1, 2, and 7 use a 5-point scoring system, while the remaining
items employ a 4-point scale. The overall score spans from 13 to 55. Higher CMQ scores
indicate a stronger morning preference, and lower CMQ scores indicate a stronger evening
preference. The Chinese version of the CMQ has demonstrated satisfactory construct
validity and internal consistency in samples of Chinese adolescents (Shi et al., 2019). In this
study, the Cronbach’s « coefficient for the scale was 0.81.

2.2.2. Depression

Participants” depression was assessed by the 9-item Patient Health Questionnaire
(PHQ-9), developed by Kroenke et al. (2001), which is widely used for rapid screening
in both clinical and community settings. It has been validated to have good reliability
and consistency among Chinese adolescents (Hu et al., 2014). The scale is a dimension
scale with 9 items (e.g., “Little interest or pleasure in doing things”; “Poor appetite or
overeating”). Responses were made on a four-point scale, ranging from 0 (“completely
absent”) to 3 (“almost every day”). The total score ranges from 0 to 27, with higher scores
indicating more severe depression. In this study, Cronbach’s « coefficient for the scale
was 0.92.

2.2.3. Bedtime Procrastination

Bedtime procrastination was measured by the Chinese version of the Bedtime Pro-
crastination Scale (BPS), revised by Ma et al. (2021). It is a single-dimension scale with
9 items (e.g., “My bedtime is later than I plan”; “When it’s time to go to bed, I'm often
engaged in other things”). Responses were made on a five-point Likert scale, ranging from
1 (“never”) to 5 (“always”). Items 2, 3, 7, and 9 were inversely scored. The BPS score was
calculated as the average of all item ratings after reverse-coding the negatively worded
items. Higher scores indicate higher levels of bedtime procrastination. Previous studies
have demonstrated the satisfactory validity and reliability of the scale among Chinese
adolescents (Mao et al., 2022). In this study, Cronbach’s « coefficient for the scale was 0.81.
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2.2.4. Parental Psychological Control

The Parental Psychological Control Scale (PPCS) developed by Q. Wang et al. (2007)
was used to measure adolescents’ perceived level of parental psychological control. This
scale consists of 18 self-report items, which can be divided into three dimensions: guilt
induction (e.g., “My parents tell me that I should feel guilty when I do not meet their
expectations”), love withdrawal (e.g., “My parents act cold and unfriendly if I do something
they do not like”), and authority assertion (e.g., “My parents tell me that what they want me
to do is the best for me and I should not question it”). All items were rated on a five-point
Likert scale ranging from 1 (“completely inconsistent”) to 5 (“completely consistent”). The
PPCS score was calculated as the average of all items, ranging from 1 to 5, with higher scores
indicating greater levels of parental psychological control. This scale has demonstrated
satisfactory construct validity and internal reliability in samples of Chinese adolescents
(Xu et al., 2020). In this study, the Cronbach’s « coefficient for the scale was 0.95.

2.2.5. Covariates

Based on prior research linking sociodemographic factors to adolescent depression
and sleep-related outcomes (H. S. Liu & Li, 2025; T. Tang et al., 2024; Zhong, 2023), we
included gender, age, residence, family type, only-child and family economic status, and
parental educational levels as covariates to control for potential confounding effects.

2.3. Statistical Analysis

All data analyses were conducted using SPSS 25.0 (IBM) and the PROCESS macro
(version 3.5; Hayes, 2013). First, Harman’s single-factor test and the Unmeasured La-
tent Method Construct approach (ULMC) were performed to assess potential common
method bias, thereby providing a preliminary check on the validity of the self-reported data
(Podsakoff et al., 2003; D. Tang & Wen, 2020). Descriptive statistics and Pearson correlation
analyses were then conducted to examine the means, standard deviations, and bivariate re-
lationships among the study variables. All continuous variables were standardized prior to
analyses to reduce multicollinearity. To test the hypothesized mediation model, PROCESS
Macro Model 4 was employed to examine the mediating role of bedtime procrastination
in the relationship between chronotype and depression. Furthermore, PROCESS Macro
Model 59 was used to test the moderated mediation model, in which parental psycho-
logical control was specified as a moderator of all three paths in the mediation model.
The significance of the indirect effects was evaluated using a bias-corrected bootstrap
approach with 5000 resamples. From this, the standard error (SE) and 95% confidence
interval (95%ClI) of the parameter estimate were obtained. An indirect effect is considered
statistically significant if the 95%CI does not include zero. Beyond p-values and 95% confi-
dence intervals for statistical inference, standardized regression coefficients and model R?
values are also reported throughout the results to evaluate the practical magnitude of the
observed associations.

3. Results
3.1. Test of Common Method Bias (CMB)

Given that all variables were self-reported by adolescents, we employed Harman’s
single-factor test and the Unmeasured Latent Method Construct (ULMC) approach to
assess common method variance (Podsakoff et al., 2003; D. Tang & Wen, 2020). The results
of Harman’s single-factor test revealed that eight factors had eigenvalues greater than 1,
with the first factor accounting for only 28.99% of the total variance (less than the 40%
threshold; H. Zhou & Long, 2004). Furthermore, the ULMC analysis showed that adding
a common method latent factor resulted in minimal changes in model fit (ACFI = 0.016,
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ATLI = 0.008, ARMSEA = —0.001), all well below the critical thresholds (increases in CFI
and TLI greater than 0.10 and decreases in RMSEA greater than 0.05; Wen et al., 2018).
Taken together, these results indicate that common method bias is not a serious concern in
the present study.

3.2. Descriptive Statistics and Correlation Analysis

The means, standard deviations, and Pearson correlations of the main variables are
presented in Table 1. The results showed that chronotype was significantly and negatively
correlated with depression (r = —0.470, p < 0.01) and bedtime procrastination (r = —0.645,
p < 0.01). Bedtime procrastination was significantly and positively correlated with depres-
sion (r = 0.538, p < 0.01) as well. In addition, parental psychological control was significantly
and positively correlated with higher depression (r = 0.442, p < 0.01) and greater bedtime
procrastination (r = 0.333, p < 0.01), respectively.

Table 1. Means, standard deviation, and correlations between main variables (N = 4324).

Variables 1 2 3 4 5 6 7 8 9 10 11 12
1. Gender N

2. Age 0.012 -

3. Residence —0.004 —0.110 ** -

4, Only child 0.093 ** ~0.005 0.024 -

5. Family type —0.005 0.043 0.002 —0.220 -

6. Family economic status —0.040 ** —0.022 0.054 ** —0.028 0.159 ** -

7. Father’s educational level —0.026 —0.043 ** 0.097 ** —0.012 0.044 ** 0.088 ** -

8. Mother’s educational level ~ —0.003 ~ —0.097*  0.157 ** 0026  —0032*  0.082*  0332* -

9. Chronotype 0.092%  —0076* 002 _gom  0034* 0041  0.035* 0.030 -

10. Depression 0074 0.044% 0.004 —0006 0052 —0107  —0064  —0064  —0470 -

11. Bedtime procrastination ~ —0.018 0.048%  —0.008 0.005 —0.058  —0066  —0068 005 0645  gggue -

12. PPC 0.082 ** 0.022 0.025 0.022 —0027 0076 o003 o024 9282 guppw 0333 -
Mean (M) 38.910 3.310 2597 1953
Standard deviations (SD) 6.053 4.382 0.686 0.809

Notes: PPC, parental psychological control. All categorical variables presented in the table were dummy-coded
with 0 as the reference group: gender (0 = female, 1 = male); residence (0 = rural, 1 = urban); only child (0 = no,
1 = yes); family type (0 = single-parent family, 1 = two-parent family); family economic status (0 = poor, 1 = average
and above); father’s educational level (0 = primary school and below, 1 = junior high school and above); mother’s
educational level (same coding as father’s); * p < 0.05, ** p < 0.01.

3.3. Testing for the Mediation Model

Hayes’s PROCESS (Model 4) was utilized to test the mediation model, with chronotype
as the independent variable, bedtime procrastination as the mediator, and depression as the
dependent variable; sociodemographic variables, including gender, age, residence, only-
child status, family type, family economic status, and parental educational levels, were
included as covariates. The mediation analysis results are shown in Table 2 and Figure 1.
Chronotype exhibited a significant negative association with both bedtime procrastination
(B =—0.647, p < 0.001) and depression (B = —0.204, p < 0.001). Bedtime procrastination
showed a significant positive association with depression (f = 0.397, p < 0.001). The direct
effect of chronotype on depression was significant (8 = —0.204, p < 0.001). The indirect
effect via bedtime procrastination (8 = —0.257, 95%CI [—0.283, —0.232]) was also significant,
accounting for 55.75% of the total effect. These results indicate that bedtime procrastination
partially mediated the association between chronotype and depression among adolescents.
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Table 2. The mediation analysis of bedtime procrastination in the relationship between chronotype

and depression among adolescents.

Equation 1: Bedtime Procrastination

Equation 2: Depression

Predictors

B SE t 95% CI B SE t 95% CI
Gender 0.084 0.024 3.473 ** [0.037, 0.132] —0.105 0.026 —3.999 *** [—0.157, —0.054]
Age —0.009 0.013 —0.685 [—0.034,0.016] 0.007 0.014 0.542 [—0.019, 0.034]
Residence —0.087 0.030 —2.907 ** [—0.146, —0.028] 0.017 0.033 0.528 [—0.047, 0.081]
Only child —0.025 0.050 —0.498 [—0.124, 0.074] —0.036  0.054 —0.665 [—0.143, 0.071]
Family type —0.100 0.047 —2.593 ** [—0.175, —0.024] —0.043  0.042 —1.023 [—0.124, 0.039]
Family economic status —0.115 0.038 —2.241*% [—0.216, —0.014] —0.303  0.056 —5.429 *** [-0.412, —0.193]
Father’s educational level —0.085 0.051 —2.566 ** [—0.149, —0.020] —0.043  0.036 —1.213 [—0.113, 0.027]
Mother’s educational level ~ —0.043 0.026 —1.624 [—0.094, 0.009] —0.053  0.029 —1.868 [—0.109, 0.003]
Chronotype —0.647 0.012 —55.336 *** [—0.670, —0.624] —-0.204 0.017 —12.298 *** [-0.236, —0.171]
Bedtime procrastination 0.397 0.016 24113 *** [0.365, 0.430]
R? 0.651 0.569
F 351.919 *** 207.027 ***

Notes: Categorical covariates were coded using the same scheme as specified in Table 1. f: Standardized
coefficients. R? denotes the proportion of variance explained by each regression equation. * p < 0.05, ** p < 0.01,
%%

p <0.001.

Bedtime

Procrastination

=-0.647"" (0.012) f=0397"(0.016)

Direct effect =—0.204""" (0.017)
Indirect effect =—0.257"**(0.013)

Chronotype Depression

Total effect =—0.461""" (0.013)

Figure 1. The mediating effect of bedtime procrastination on the relationship between chronotype
and depression. Standard errors are presented in parentheses. *** p < 0.001.

3.4. Testing for the Moderation Effect of Parental Psychological Control

The macro PROCESS (Model 59) was adopted to test the moderated mediation model,
with chronotype as the independent variable, bedtime procrastination as the mediator, and
depression as the dependent variable; parental psychological control was specified as the
moderator (as shown in Table 3). The results showed that chronotype was negatively asso-
ciated with both bedtime procrastination (8 = —0.602, t = —50.261, 95%CI [—0.625, —0.578])
and depression ( = —0.168, t = —10.885, 95%CI [-0.198, —0.134]). Parental psychological
control was positively associated with both bedtime procrastination (8 = 0.161, t = 13.448,
95%CI [0.138, 0.185]) and depression (8 = 0.249, t = 19.558, 95%CI [0.224, 0.274]). The inter-
action between chronotype and parental psychological control was significantly associated
with depression (B = —0.043, t = —3.151, 95%CI [—0.070, —0.016]), indicating that parental
psychological control moderated the direct association between chronotype and depression,
whereas the chronotype x parental psychological control interaction was not significantly
associated with bedtime procrastination (8 = 0.011, t = 1.077, 95%CI [—-0.009, 0.031]). The
interaction between bedtime procrastination and parental psychological control was also
significant (8 = 0.120, t = 8.497, 95%CI [0.092, 0.148]), suggesting that parental psychological
control moderated the indirect association via bedtime procrastination. The conditional
indirect effects are presented in Table 4, with an index of moderated mediation of —0.078,
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95%CI [-0.103, —0.053], indicating that the magnitude of the negative indirect effect
increased as levels of parental psychological control rose.

Table 3. The moderated mediation effects of chronotype on adolescents’” depression.

Equation 1: Bedtime Procrastination Equation 2: Depression

Predictors

B SE t 95% CI B SE t 95% CI
Gender 0.048 0.024 1.989* [0.001, 0.095] —-0.138  0.025 —5.609 *** [—0.186, —0.090]
Age —0.009 0.012 -0.713 [—0.033, 0.016] 0.012 0.013 0.971 [—0.013, 0.037]
Residence —0.093 0.029 —3.160** [-0.151, —0.035] —0.014 0.030 —0.458 [—0.073, 0.045]
Only child —0.029 0.049 —0.598 [—0.126, 0.067] —0.083  0.050 —1.650 [—0.182, 0.016]
Family type —0.096 0.038 —2.554* [—0.170, —0.022] —0.052  0.039 —1.343 [—0.127, 0.024]
Family economic status —0.057 0.05 —1.492 [—0.174, 0.024] —0.234  0.052 —4.542 *** [—0.335, —0.133]
Father’s educational level —0.083 0.032 —2.567 ** [—0.146, —0.020] —0.049 0.033 —1.487 [—0.114, 0.016]
Mother’s educational level —-0.039 0.026 —1.512 [—0.090, 0.012] —0.041 0.026 —1.545 [—0.092, 0.011]
Chronotype —0.602 0.012 —50.261 *** [—0.625, —0.578] —0.168 0.015 —10.885 *** [—0.198, —0.134]
PPC 0.161 0.012  13.448 *** [0.138, 0.185] 0.249 0.013 19.558 *** [0.224, 0.274]
Chronotype x PPC 0.011 0.010 1.077 [—0.009, 0.031] —0.043 0.014 —3.151 ** [—0.070, —0.016]
Bedtime Procrastination 0.328 0.016 21.098 *** [0.298, 0.358]
Bedtime Procrastination x PPC 0.120 0.014 8.497 *** [0.092, 0.148]
R? 0.668 0.651
F 316.357 *** 243.621 ***

Notes: PPC, parental psychological control. Categorical covariates were coded using the same scheme as described
in Table 1. B: Standardized coefficients. R? denotes the proportion of variance explained by each regression
equation. * p < 0.05, ** p < 0.01, *** p < 0.001.

Table 4. Conditional indirect effects of the moderated mediation model at different levels of parental
psychological control.

95%CI
Parental Psychological Control Effect SE Boot Boot
LLCI ULCI
M—-1SD —0.134 0.013 —0.160 —0.109
M —0.212 0.012 —0.235 —0.190
M+1SD —0.290 0.021 —0.331 —0.250

Notes: Boot LLCI and Boot ULCI refer to the lower and upper limits of the 95% confidence interval of the indirect
effects estimated by the percentile bootstrap method with deviation correction, respectively.

To further elucidate the moderated mediation effect, simple slope analyses were
conducted to decompose the interaction effect at low (—1 SD) and high (+1 SD) levels
of parental psychological control. As illustrated in Figure 2, chronotype was negatively
associated with depression, with a stronger association under high parental psychological
control (Bsimpre = —0.211, £ = —10.535, p < 0.001) than under low parental psychological
control (Bsimpre = —0.125, t = —=5.903, p < 0.001). Similarly, bedtime procrastination was
positively associated with depression, with a stronger association in the high parental
psychological control group (Bsinpie = 0.448, t = 21.357, p < 0.001) compared to the low
parental psychological control group (Bsinpie = 0.208, t =9.867, p < 0.001; see Figure 3). These
results indicate that as the level of parental psychological control increases, the association
between bedtime procrastination and depression gradually strengthens. Supplementary
Johnson—-Neyman significance tests and percentile-based conditional indirect effect analyses
further confirmed that these findings were consistent across the full range of parental
psychological control (see Supplementary Figures S1 and S2 and Table S1).
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Figure 2. The moderating effect of parental psychological control on the association between chrono-
type and adolescent depression.
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Figure 3. The moderating effect of parental psychological control on the association between bedtime
procrastination and adolescent depression.

4. Discussion

In the present study, we employed a large sample to investigate the relationship
between chronotype and depression among adolescents, as well as the potential mediating
and moderating roles within this association. The results extend previous findings on the
connection between chronotype and emotional problems in adolescents and also clarify
how and when chronotype is related to adolescents” depression. Moreover, the results
of this study may provide comprehensive guidance for educators and mental health
professionals in developing targeted, family-centered interventions aimed at reducing
bedtime procrastination and mitigating the risk of depression among adolescents.

We found that chronotype was significantly negatively associated with adolescent
depression, confirming Hypothesis 1. The finding aligns with a substantial body of cross-
sectional and longitudinal studies demonstrating that evening-type individuals are more
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likely to report elevated depression, with this risk increasing over time (Haraden et al., 2017;
Van den Berg et al., 2018). One plausible explanation is that eveningness is associated
with delayed circadian timing, which may lead to poorer sleep quality and impaired
emotion regulation and in turn corresponds to a reduced capacity to cope with depressive
experiences. Furthermore, evening-oriented adolescents face persistent misalignment
between their internal circadian rhythm and early school schedules; this chronic social
jetlag may increase fatigue and perceived stress while undermining social functioning
and self-efficacy, ultimately linking eveningness to greater vulnerability to depression
(Lee et al., 2011). Notably, the present results should be interpreted within the specific
educational context of the sample. The study was conducted in a public senior high school
in Anhui province, southern China, where students are subject to academic demands
associated with preparation for the National College Entrance Examination. Given this
context-specific sample, the generalizability of these findings to other populations such
as students in less academically demanding settings or those from different regional and
cultural backgrounds requires further investigation. Taken together, these findings provide
empirical support for the two-process model of sleep regulation (Dijk & Lockley, 2002)
and suggest that circadian-aligned strategies such as promoting morning light exposure,
encouraging regular sleep-wake schedules, and, where feasible, delaying school start times
may help reduce the risk of depression among adolescents.

Moreover, our study extends prior literature by demonstrating that bedtime procrasti-
nation played a mediating role in the relationship between chronotype and depression in
adolescents, which supports Hypothesis 2. This finding is consistent with previous research
showing that high levels of bedtime procrastination are associated with depressive symp-
toms in adolescence (Pu et al., 2022). Research has characterized bedtime procrastination
as a form of self-regulation failure, involving impaired behavioral control and difficulty
resisting short-term rewards (Lian et al., 2018). Consistent with this perspective, the present
study found that individuals with a stronger preference for eveningness tend to exhibit
weaker pre-sleep behavioral control and a greater tendency to engage in immediately
rewarding activities (e.g., using electronic devices) during late evening hours, thereby
increasing the likelihood of delayed bedtimes (Exelmans & van den Bulck, 2017). Bedtime
procrastination was also closely linked to insufficient sleep duration and poor sleep quality
(Zhu et al., 2022; Kelly & El-Sheikh, 2014), both of which are established risk factors for
depression. Therefore, bedtime procrastination may serve as a key mediator in the relation-
ship between chronotype and depression, particularly among individuals with evening
chronotypes. Interventions aimed at reducing bedtime procrastination (e.g., priority-setting
training, self-regulation skills, and fostering future time perspective) could be integrated
into daily routines to help adolescents mitigate the negative impact of evening preference
on depressive symptoms.

The present study also revealed that parental psychological control moderated the
direct association between chronotype and depression and the association between bedtime
procrastination and depression, but not the association between chronotype and bedtime
procrastination, partially supporting Hypothesis 3. These moderating effects are in line
with prior evidence identifying parental psychological control as a contextual correlate of
adolescent depressive symptoms (Chyung et al., 2022). Drawing on ecological systems
theory (Bronfenbrenner, 1979) and self-determination theory (Deci & Ryan, 2012), the family,
as a proximal microsystem, may amplify or buffer individual risk factors. Specifically, high
levels of parental psychological control may restrict adolescents” autonomy and intensify
external evaluative standards (Soenens & Vansteenkiste, 2010; Costa et al., 2016), thereby
exacerbating the emotional dysregulation that evening-type adolescents experience due
to social jetlag (Haraden et al., 2017). For adolescents who already engage in bedtime
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procrastination, high parental psychological control may also strengthen the association
between bedtime procrastination and depressive symptoms, whereas low levels may
provide a supportive family context that buffers the emotional vulnerability associated with
both eveningness preference and bedtime procrastination. The non-significant moderation
of the chronotype-bedtime procrastination link suggests that this association is more tied to
stable circadian trait characteristics and thus less susceptible to family contextual influences.
Collectively, these findings suggest that adolescent depressive symptoms may be associated
with the interplay between family environment and individual circadian characteristics
as well as sleep-related behaviors. High parental psychological control may act as an
environmental stressor that may amplify these associations, whereas low levels may serve
as a protective factor.

In addition, these findings should be interpreted within the sociocultural context of
Chinese collectivist societies. In such cultural settings, parents tend to adopt a highly
involved and controlling role in child development, and this parenting style is often per-
ceived as normative or even necessary and may be internalized by adolescents to some
extent (Chao, 1994; Soenens et al., 2018). Consequently, parental psychological control
may not only function as an external stressor but also become internalized by adolescents,
acquiring stronger self-referential meaning and amplifying its emotional consequences
(Soenens & Vansteenkiste, 2010; M. Wang et al., 2014). This cultural characteristic provides
additional support for the present finding that parental psychological control primarily
intensified the emotion-related pathways to depressive symptoms, while exerting rela-
tively limited influence on the biologically grounded association between chronotype
and bedtime procrastination. Alongside these cultural insights, the current findings have
important implications for social and educational practice. For instance, school-based
mental health programs could integrate psychoeducational components aimed at promot-
ing autonomy-supportive parenting and sleep health literacy among both parents and
adolescents. In parallel, community-based preventive strategies might prioritize improving
parent-adolescent communication, regulating pre-sleep screen use, and fostering healthy
sleep hygiene practices. Integrating these multi-level interventions may be beneficial for
reducing adolescents’ vulnerability to depression and promoting their long-term psycho-
logical well-being.

5. Limitations and Future Directions

Several limitations of this study should be acknowledged when interpreting the
findings. First, the cross-sectional design of this study prevents us from establishing
the temporal ordering of constructs in the proposed mediation model, as all variables
were assessed at a single time point, and reverse or reciprocal associations (e.g., elevated
depressive symptoms may be associated with greater bedtime procrastination) cannot
be ruled out. Future longitudinal studies are needed to clarify the temporal ordering of
these variables, and experimental designs are required to draw causal inferences. Second,
the measures in the present study were collected via self-report questionnaires, which
may introduce recall and social desirability biases to some extent. Future studies could
incorporate more objective and sensitive indicators to improve data reliability. Third, we did
not assess objective or subjective sleep parameters (e.g., sleep duration and quality), chronic
stressful life events, or participants’ mental health history. Future research could incorporate
such assessments to further investigate the relationships between chronotype, bedtime
procrastination, and depressive symptoms. Fourth, though parental psychological control
significantly moderated the direct association between chronotype and depression, its
relatively small effect size warrants caution in interpreting its practical significance. Finally,
the study sample was primarily drawn from a public senior high school in Anhui Province,
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southern China, which may limit the generalizability of the findings to adolescents from
other regions or educational systems with different sociocultural contexts. In addition,
as participants were recruited through intact school classes, the dataset has an inherent
class-level nested structure. However, class-level identifiers were not retained in the
anonymized dataset to protect participant confidentiality, which precluded the use of
multilevel modeling or cluster-robust standard errors. Although the present study focused
on associations among individual-level psychological variables, future research could
recruit more diverse samples from multiple schools across broader geographic regions
and educational settings and, where appropriate, employ multilevel analytical approaches
to account for the nested data structure, thereby enhancing the representativeness and
robustness of the findings.

6. Conclusions

This study examined the relationship between chronotype and depression among
adolescents, with a particular focus on the mediating role of bedtime procrastination and
the moderating role of parental psychological control. Overall, the results indicated that
bedtime procrastination partially mediated the association between chronotype and de-
pression, such that adolescents with eveningness preferences were more likely to show
higher levels of bedtime procrastination, which in turn was associated with increased
depressive symptoms. Furthermore, parental psychological control was found to signifi-
cantly moderate the direct link between chronotype and depression and the link between
bedtime procrastination and depression, but not the chronotype-bedtime procrastination
link. That is, the associations of chronotype and bedtime procrastination with adoles-
cents’ depression were both stronger under high levels of parental psychological control.
From a practical perspective, these findings suggest that combining sleep intervention
programs (e.g., chronotype-tailored sleep strategies, reducing bedtime procrastination) and
family-based parenting guidance (e.g., mitigating maladaptive parenting practices) may be
promising for preventing and alleviating depression among adolescents.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/bs16081327/s1, Figure S1: Johnson-Neyman plot of the conditional
direct association between chronotype and depression across levels of parental psychological control;
Figure S2: Johnson-Neyman plot of the conditional association between bedtime procrastination and
depression across levels of parental psychological control; Table S1: Conditional indirect effects at
different percentiles of parental psychological control.
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CMQ Composite Morningness Questionnaire
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