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Objective: This study aimed to investigate the relationship between eveningness preference and poor sleep quality and eventually
examine the moderation effect of stress susceptibility.
Methods: Individuals with non-acute major depressive disorder or bipolar affective disorder and healthy participants were recruited.
The Composite Scale of Morningness (CSM) and the Pittsburgh Sleep Quality Index (PSQI) were used to evaluate chronotype and
sleep quality, respectively. Eysenck Personality Questionnaire, Tridimensional Personality Questionnaire, Perceived Stress Scale, and
Beck Anxiety Inventory were used to formulate stress susceptibility and as indicator variables for empirical clustering by latent class
analysis (LCA). Linear regression models were used to examine the relationship between chronotype preference and sleep quality. The
interaction terms of CSM and stress susceptibility were examined for the moderation effect.
Results: A total of 887 individuals were enrolled in this study, with 68.2% female and 44.1% healthy participants. Three subgroups
were derived from LCA and designated as low stresssusceptibility (40.2%), moderate stress susceptibility (40.9%), and high stress
susceptibility (18.8%) groups. After controlling for covariates, the CSM scores inversely correlated with PSQI scores [b (se)=−0.02
(0.01), p=0.01], suggesting that individuals with eveningness preferences tend to have poor sleep quality. Moreover, stress suscept-
ibility moderated the relationship between CSM and PSQI scores (p for interaction term = 0.04). Specifically, the inverse association
between CSM and PSQI was more robust in the high stress susceptibility group than that in the low stress susceptibility group.
Conclusion: Eveningness preference was associated with poor sleep quality, and this relationship was moderated by stress
susceptibility.
Keywords: chronotype, empirical clustering, moderation effect, stress susceptibility, sleep quality

Introduction
Approximately one-third of the general population has various forms of sleep-wake related disturbances, such as
nocturnal insomnia, daytime sleepiness, and poor sleep quality.1,2 Subjective poor sleep quality has been recognized as
one of the most significant sleep-wake related parameters for predicting adverse physical and mental outcomes.3 Thus, in
terms of personalized medicine, it is clinically imperative to identify the risk indicators for poor sleep quality and
synergic factors that may further exacerbate their adverse impact on poor sleep quality.

Chronotype refers to a spectrum of individuals’ differences in circadian preference and is commonly categorized as
morningness, intermediate, and eveningness preference.4 Chronotype preference is known to be associated with sleep
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quality.5–7 Individuals with eveningness preference are more likely to have poor sleep quality than individuals with
morningness preference5 and are more susceptible to mental4–6 and physical morbidities.8 However, the mechanisms that
underlie eveningness preference and adverse health outcomes remain unclear. Some individuals with eveningness
preference have sleep patterns and social function comparable to those with morningness preference.9 Furthermore,
those with the eveningness preference may have better flexibility in re-entraining the circadian rhythm than those with
the morningness preference.9 Specifically, evening-type workers were able to adapt themselves to a fixed night shift.10

Besides, evening-type shift workers also had better sleep quality with less impact on night shift than morning-type
individuals.11 These unexpected findings may be derived from the heterogeneous sleep characteristics of eveningness
preference, residual confounding, and moderation effect existing in the association between chronotype preference and
sleep quality. Thus, before delivering specific interventions that mitigate the adverse impact of eveningness preference on
sleep, it is vital to re-examine the relationship between chronotype and sleep quality using rigorously specified
confounders and identify potential effect moderators.

In the literature, in addition to genetic substrates, stress-related characters and maladaptive coping styles have also
been found to be the determinants of chronotype.12 Eveningness preference has been associated with trait anxiety;13

novelty seeking; impulsivity; low persistence; low emotional stability; and low capacity for inhibiting, interrupting, and
adapting current behaviors.14 In parallel, these features were also associated with poor sleep quality.15 Thus, the core
components of stress reaction could be important candidates that confound or moderate the relationship between
chronotype and sleep quality. The development of stress reaction comprises multiplex and interlocked core
components.16 According to stress-related theories, stress reaction is a dynamic and transactional process, which includes
the individuals’ internal reactions to a situation in terms of physiological arousal, subjective emotional response,
cognition and appraisal to stress, and their behavioral reaction.16,17 After interacting with the individuals’ specific
personality traits, the encountered stressor leads to perceived stress, ensued by respective stress responses. Eventually,
the resultant stress response is heterogeneous among individuals due to numerous combinations of core components
embedded in the process of stress reaction,17 namely, different personalities, various perceived stress, and differential
stress response. If we could tackle the complexity of the interlocked stress-related core components and disentangle the
heterogeneity of stress reaction, we may be able to recognize and target the high-risk group.

However, the heterogeneous phenotype of stress reaction constitutes several gaps that hinder us from examining the
independent association between chronotype and sleep quality and further identifying high-risk group that warrants
specific interventions. First, it is insufficient to evaluate stress reaction comprehensively with a single instrument.
Besides, when we attempt to specify statistical models to partial out the effects of stress reaction that may confound
the relationship between chronotype preference and sleep quality, the interrelated features of the core components of
stress reaction also raise concerns about statistical collinearity. Third, when examining the moderation effect of stress
reaction with heterogeneous profiles, numerous interaction terms have to be examined. In addition to the risk of inflated
beta errors, the findings would be difficult to interpret intuitively and are not feasible for identifying high-risk groups. At
present, latent class analysis (LCA) provides a solution to disentangle heterogeneity.18 By designating components of the
process of stress reaction as indicator variables, LCA is capable of empirically clustering a heterogeneous group into
several subgroups with distinct clinical features. As a result, we are able to control for the effects of all stress-related
measurements with a single and categorized, LCA-derived subgroup variable. Moreover, instead of illustrating “variable-
centered” relationships that are achieved in traditional regression modeling, LCA provides “person-centered” subgroups
that are more feasible in terms of personalized medicine. Consequently, the issues of heterogeneity and collinearity are
resolved simultaneously. To the best of our knowledge, there is no such an approach to tackle the gaps mentioned above,
by LCA, in the literature.

Thus, this study aimed to examine the independent relationship between chronotype preference and sleep quality in
a model that was rigorously controlled for core elements of the process of stress reaction. LCA, with a comprehensive set
of stress-related measurement as indicator variables, was used to tackle the heterogeneity of stress reaction. A new
categorical variable, stress susceptibility, was conceptualized to reflect the distinct features of LCA-derived subgroups. In
this study, the “stress susceptibility” was defined by the core components of stress reaction and by its temporal order,
namely personality, perceived stress, and then the stress response. In addition to the confounding effect of stress
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susceptibility, its moderation effect on the association between chronotype and sleep quality was also examined. We
predicted that various chronotype preferences would correlate differentially with poor sleep quality. We further hypothe-
sized that stress susceptibility would moderate the relationship between chronotype preference and sleep quality.
Specifically, the relationship between chronotype preference and sleep quality would differ in heterogeneous stress
susceptibility subgroups.

Materials and Methods
Participants
The participants of this study were recruited between 2013 and 2018. Among the participants, psychiatric patients with
non-acute major depressive disorder or bipolar affective disorder were recruited from two medical centers and
a psychiatric hospital in Taiwan. In order to expand the data variation of the stress-related variables, healthy individuals
were enrolled from physical examination centers and the community. Participants with non-acute mood disorders were
eligible and referred to this study by psychiatrists, using the inclusion criteria of (a) age between 18 and 65 years, (b)
diagnosed with major depressive disorder (MDD) or bipolar affective disorder (BAD) according to the Diagnostic and
Statistical Manual of Mental Disorders–IV (DSM-IV), and (c) non-acute condition, defined as a score of <17 points on
the Hamilton Depression Rating Scale19 and <20 points on the Young Mania Rating Scale.20 The psychiatric diagnoses of
the healthy participants were confirmed using the Chinese version of the Schedule for Affective Disorder and
Schizophrenia-Lifetime (SADS-L).21 Any individuals with comorbid schizophrenia, organic brain syndrome, intellectual
disability, or mood disorder related to substance use were excluded from the present study. Finally, a total of 887
individuals were included. Basic sociodemographic characteristics (sex, age, marital status, education, employment, and
income), lifestyles-related variables (body mass index, habit of exercise, and tobacco or alcohol use), history of physical
illness, and variables related to mental health were collected by trained investigators by face-to-face interview. All
participants provided written informed consent. This study was approved by the Institutional Review Board of the
National Taiwan University Hospital (N0. 201212134RINB, 201512086RIND, and 202007094RINA). The study was
conducted in accordance with the Helsinki Declaration of 1975, as revised in 2008.

Sleep-Related Measurement
Sleep quality was evaluated using the Pittsburgh Sleep Quality Index (PSQI).22 The PSQI measures the global sleep
quality in the past one month by using 19 items that evaluate seven components of sleep quality. The subscores of each
component range from 0 to 3, resulting in a maximum global score of 21. The Chinese version of the PSQI has been
validated.23 Chronotype preference was assessed using the Composite Scale of Morningness (CSM).24 The Smith et al
version of the CSM is a 13-item self-reported composite scale and a total score between 13 and 55, where the lower the
score, the stronger the preference for eveningness. The CSM is highly correlated with other measurements of chronotype
preference, suggesting that the CSM has a good concurrent validity. The validity and reliability of the Chinese version of
the CSM have been established.25 The CSM scores were converted to t-scores in all analyses of this study.

Conceptualization and Measurement of Stress Susceptibility
This study conceptualized stress susceptibility using three core components of stress reaction according to stress-related
theories, namely personality, perceived stress, and stress response. We identified four corresponding stress-related
measurements for each component of stress reaction. Subsequently, these four measures were used as indicator variables
for LCA to yield feature-based subgroups under the context of stress susceptibility.

Personality
Eysenck Personality Questionnaire-revised (EPQ-R) and Tridimensional Personality Questionnaire (TPQ) were used to
evaluate the personality of participants. The Chinese versions of both questionnaires have been validated.26,27 The EPQ-R
includes E scale (Extraversion), N scale (Neuroticism), and P scale (Psychoticism), with 12 items for each scale, and each
dichotomous item was scored 0 or 1, where a higher score indicates a more prominent trait of the personality. The TPQ
evaluates three components of personality, including novelty seeking (NS), harm avoidance (HA), and reward dependence
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(RD). The original scores of E scale and N scale of the EPQ-R and the dimensions of NS and HA of the TPQ were assigned
as indicator variables for LCA to inclusively reflect personality traits.

Subjective Perceived Stress
Subjective perceived stress was measured by the Chinese version of the Perceived Stress Scale (PSS), which has been
validated.28 The PPS is a self-reported questionnaire that evaluates the degree to which individuals believe their life has been
unpredictable, uncontrollable, and overloaded during the past 1 month. The PSS includes 10 items, with each item score
ranging from 0 (Never) to 4 (Very often) of each. The original score of the PSS was assigned as indicator variable for LCA.

Stress Response
The Beck Anxiety Inventory (BAI) was used to evaluate the participants’ stress response. The Chinese version of the BAI
has been validated.29 The BAI comprises 21 items and the severity levels are defined by the total score of the scale. The
original score of BAI was assigned as an indicator variable for LCA to represent stressful response.

Other Variables
In previous studies, individuals tend to have better sleep quality before the age of 30 years and it deteriorates soon after
the age of 45 years.30 Therefore, this study categorized the age of the participants into <30, 30–44, and ≥45 years.
History of physical illnesses, including cardiovascular, endocrine, metabolic, gastrointestinal, urinary, hematological,
infectious, neurological/musculoskeletal, and immune/asthma/allergic diseases, was confirmed by the participants’ self-
report. The Chinese version of Beck Depression Inventory-II (BDI-II), whose validity and reliability have been
established, was used to assess the severity of depressive symptoms.31

Statistical Analyses
All statistical analyses were performed using SPSS for Windows, version 17.0 (SPSS, Chicago, IL), and LCA was
performed using M plus, version 7 (Muthen & Muthen).32 Univariate analyses were conducted using the χ2 test or
analysis of variance (ANOVA), and the correlations between continuous variables were examined using Pearson
correlation analysis. Multiple linear regression analyses were then performed to examine the independent correlations
between chronotype preference and sleep quality. The variables that were simultaneously and significantly correlated
with chronotype preference and sleep quality in the univariate analysis were then included into the multiple linear
regression analyses along with sex and age as covariates to control for confounding effects. In addition, to investigate the
moderation effect of stress susceptibility on the relationship between chronotype preference and sleep quality, the
interaction terms of CSM and stress susceptibility (CSM × stress susceptibility) were also specified into the full multiple
linear regression model that examined the relationship between chronotype preference and sleep quality. A p-value <0.05
was considered statistically significant.

In the present study, LCA was performed for empirical subgrouping of the participants based on stress susceptibility.
The E scale and N scale of the EPQ-R, the HA and the NS of the TPQ, the PSS, and the BAI were used as indicator
variables for LCA. We used five fitness indices to determine the optimal number of subgroups. A small Akaike’s
information criterion (AIC)33 or sample-size adjusted Bayesian’s information criterion (sBIC) indicates superior model
fit. A value close to 1 in Entropy indicates a clear classification. Lo–Mendell–Rubin adjusted likelihood ratio test and
parametric bootstrapped likelihood ratio test were performed to compare fitness between adjacent classes. A significant
p-value of the k class model suggests a superior fit to k-1 class. The profile of indicator variables of the subgroups was
illustrated in a radar chart. The scores for all indicator variables were transformed into t-scores in the radar chart.

Results
A total of 887 individuals were included in this study. The sociodemographic characteristics, lifestyle, and clinical data of
the participants are summarized in Table 1. Among the participants, 68.2% were female, 43.3% were aged over 45 years
old. A total of 28.2% of the participants were diagnosed with MDD (n = 250), 27.7%, with BAD (n = 246), and 44.1% were
healthy (n = 391). The characteristics of each diagnostic group are detailed in Table S1 (see Supplementary Table S1).
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Table 2 illustrates the five fitness indices used in the LCA model. The results of AIC and sBIC suggest that many
clusters have good model fitness. However, a large number of classes compromised the clinical interpretability and
applicability. When further considering entropy, a two-class or three-class model would be favorable. According to the
Lo–Mendell–Rubin adjusted likelihood ratio test and parametric bootstrapped likelihood ratio test, the three-class model
was superior to two-class model. Therefore, on the premise of interpretability and clinical utility, the three-class model

Table 1 Sociodemographic and Clinical Characteristics of
Participants (n = 887)

n (%)

Sex

Male 282 (31.8)

Female 605 (68.2)
Age (years)

≤ 30 217 (24.5)

31–44 286 (32.2)
≥ 45 384 (43.4)

Marital status
Single 431 (48.6)

Married 352 (39.7)

Other 104 (11.7)
Education

University and higher 501 (56.5)

Senior high school 307 (34.6)
Junior high school and lower 79 (8.9)

Body mass index (kg/m2)

Underweight (< 18.5) 51 (5.7)
Healthy weight (18.5- < 24.0) 509 (57.4)

Overweight (24.0- < 27.0) 162 (18.3)

Obesity (≥ 27.0) 165 (18.6)
Lifestyle

Regular exercise (> 2 times/ week) 438 (49.4)

Cigarette use
Non-smoker 677 (76.3)

Ex-smoker 91 (10.3)

Current smoker 119 (13.4)
Regular alcohol drinking (> 1 year) 101 (11.4)

Comorbid adulthood disease

Cardiovascular disease 134 (15.1)
Endocrinology disease 342 (38.6)

Gastroenterology disease 208 (23.4)

Urinary system disease 31 (3.5)
Infectious disease 152 (17.1)

Neuromuscular disease 207 (23.3)

Autoimmune disease/asthma and allergy 240 (27.1)
Psychiatric diagnosis

Bipolar affective disorder 246 (27.7)

Major depressive disorder 250 (28.2)
Healthy participants 391 (44.1)

Stress susceptibility

Low 357 (40.2)
Moderate 363 (40.9)

High 167 (18.8)
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was selected as the most optimal model. The three classes were designated according to their patterns of score
distribution over the four indicator variables, including low stress susceptibility (LSS, n = 357, 40.2%), moderate stress
susceptibility (MSS, n = 363, 40.9%), and high stress susceptibility (HSS, n = 167, 18.8%) (Table 1). The scoring pattern
of four indicator variables in these three subgroups was profiled, as shown in the Supplementary Figure S1. The between-
group comparisons of various characteristics and indicator variables among empirically derived subgroups of stress
susceptibility are presented in Tables S1 and S2, respectively (see Supplementary Tables S1 and S2).

Table S3 summarizes the univariate analysis results for the associations between categorical variables and PSQI and
CSM scores. The PSQI and CSM scores did not differ in terms of sociodemographic characteristics, lifestyle, and
physical comorbidities. Psychiatric diagnosis was significantly correlated with PSQI and CSM scores (all ps < 0.001).
Patients with non-acute MDD had the worst sleep quality (9.34 ± 3.86) while healthy individuals had the best (6.21 ±
2.39). Patients with non-acute MDD had the highest eveningness preference (44.47 ± 13.20), while healthy individuals
had the lowest (50.06 ± 10.02). Similarly, the PSQI and CSM scores were significantly different in the three subgroups of
stress susceptibility (all ps<0.001). The HSS group had the worst sleep quality (9.94 ± 3.77); while the LSS group had
the best (6.21 ± 2.73). The HSS group had the highest preference for eveningness (40.07 ± 12.62); while the LSS group
had the lowest (51.16 ± 10.49) (see Supplementary Table S3).

Table 3 presents the correlation analyses between PSQI, CSM, and BDI-II scores and the indicator variables for LCA.
The result showed significant inverse correlations between CSM and PSQI (r=−0.22, p<0.01) and between CSM and
BDI-II (r=−0.24, p<0.01). Besides, there was a significant correlation between BDI-II and PSQI (r=0.50, p<0.01). Most
of the indicator variables for LCA significantly correlated with PSQI and CSM, except for those between novelty seeking
and PSQI, as well as extraversion and CSM. Most of the indicator variables were significantly correlated with each other,
with the correlation coefficients ranging from 0.08 to 0.66, except a non-significant correlation was noted between
novelty seeking and BAI.

Table 2 Model Fitting Results for Two to Five Class Solutions in the Latent Class Analysis (n = 887)

2 Classes 3 Classes 4 Classes 5 Classes

Akaike Information Criterion 30,114.06 29,733.77 29,584.33 29,434.06
Sample-Size Adjusted Bayesian Information Criterion 30,144.43 29,775.33 29,637.08 29,498.00

Entropy 0.81 0.82 0.80 0.79

Lo–Mendell–Rubin Adjusted Likelihood Ratio test <0.001 <0.001 0.006 0.009
Parametric Bootstrapped Likelihood Ratio test <0.001 <0.001 <0.001 <0.001

Table 3 Correlation Matrix Between Pittsburgh Sleep Quality Index, Composite Scale of Morningness, Beck Depression Inventory-II,
and Indicator Variables for Latent Class Analysis

1 2 3 4 5 6 7 8 9

1. Pittsburgh Sleep Quality Index 1

2. Composite Scale of Morningness −0.22** 1
3. Beck Depression Inventory-II 0.50** −0.24** 1

Indicator variables for latent class analysis

Eysenck Personality Questionnaire
4. Neuroticism 0.37** −0.30** 0.48** 1

5. Extraversion −0.14** 0.06 −0.16** −0.13** 1

Tridimensional Personality Questionnaire
6. Harm Avoidance 0.30** −0.29** 0.43** 0.66** −0.47** 1

7. Novelty Seeking 0.04 −0.17** 0.08* 0.15** 0.31** −0.08* 1

8. Perceived Stress Scale 0.38** −0.37** 0.53** 0.64** −0.20** 0.58** 0.14** 1
9. Beck Anxiety Inventory 0.45** −0.31** 0.60** 0.54** −0.15** 0.46** 0.05 0.53** 1

Notes: *p<0.05; **p<0.01.
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Based on univariate analysis, BDI-II scores, psychiatric diagnosis, and stress susceptibility were simultaneously
correlated with CSM and PSQI. Thus, along with age and sex, they were added to the multiple linear regression analyses
as covariates to examine the independent relationship between chronotype and sleep quality (Table 4). After controlling
for the confounding effects, the CSM scores remained inversely correlated with PSQI scores [b (se)=−0.02 (0.01),
p=0.01]. With regard to the relationship between stress susceptibility and sleep quality, the MSS group achieved higher
PSQI scores than the LSS group [b(se)=0.53 (0.24), p=0.03]. However, the PSQI scores did not differ between the HSS
and LSS groups [b (se)=0.53 (0.36), p=0.14]. To inspect the relationship among stress susceptibility, CSM, and PSQI, we
further excluded CSM from the full model and examined the changes in the relationship between stress susceptibility and
PSQI (see Supplementary Table S4). In the reduced model, both the HSS [b (se)=0.73 (0.35), p=0.04] and the MSS
groups [b (se)=0.59 (0.24), p=0.01] achieved higher PSQI scores than the LSS group. This finding suggests that the effect
of stress susceptibility on sleep quality in the HSS group may be mediated by eveningness preference, which also
explained the non-significant difference of the PSQI between the HSS and LSS groups in the full model.

Finally, the moderation effect of stress susceptibility on the relationship between CSM and PSQI was examined by
adding the interaction terms into the original full multiple linear models. When treating the LSS group as the referent, the
interaction was significant for [(HSS vs LSS) × CSM] [b (se)=−0.05 (0.02), p=0.04], but not for [(MSS vs LSS) × CSM]
(p=0.45). In contrast, when specifying the MSS group as a referent, no interaction term turned out to be significant. This
finding suggests that the magnitude of inverse correlation between CSM and PSQI in the HSS [b (se)=−0.05 (0.02),
p=0.01] group was significantly greater than that in the LSS group [b(se)=−0.01 (0.01), p=0.66] (Table 4).

Discussion
By involving diagnosed and healthy participants, conceptualizing stress susceptibility, and tackling its heterogeneity, the
present study examined the independent association between chronotype preference and sleep quality. Furthermore, the
influence of clustered stress susceptibility exerted on the abovementioned relationship was also investigated. We found
that a strong preference for eveningness was associated with poor sleep quality, and this relationship was moderated by
stress susceptibility. Specifically, the effect size of the relationship between eveningness preference and poor sleep
quality was greater in the HSS group than in the LSS group. As a result, these findings were consistent with our
hypotheses.

Although the relationship between stress, chronotype, and sleep quality had been investigated in the literature, the
participants in previous studies were mostly recruited from communities or were diagnosed with acute mood disorders. In
contrast, the participants in the present study had non-acute mood disorders or were healthy; thus, we not only echoed
previous findings but also expanded the generalizability. In addition, LCAwas applied to disentangle the heterogeneity of
numerous stress-related measurements and issues of statistical collinearity. These features make this study stand out.

The Relationship Between Eveningness Preference and Poor Sleep Quality
An inverse association between scores of CSM and PSQI was found in this study, indicating that a strong preference for
eveningness is likely to result in poor sleep quality. This main finding is consistent with those of previous studies.5,6

Because the participants of this study differed from those in the previous research that mostly focused on shift workers,
students, and patients with acute mood disorders,6 the clinical utility of this study can be generalized. In addition, even
after important confounders were rigorously controlled for, such as stress susceptibility and depression, the association
between chronotype and sleep quality remained, suggesting the robustness of this main finding.

Despite our findings, the mechanisms underlying the relationship between eveningness preference and poor sleep
quality remain unclear. In this study, sleep quality was defined using PSQI scores, which contains several components of
sleep quality. In addition to subjective sleep quality, the PSQI also evaluates other sleep-wake related components, such
as sleep onset latency, sleep duration, hypnotics use, and daytime dysfunction.22 The impairment of each component
could be attributed to the behavioral outcomes that are secondary to eveningness preference. For instance, evening-type
people may intentionally advance bedtime to accommodate themselves to social rhythm, resulting in difficult sleep
initiation and the use of hypnotics. Individuals with evening chronotype may stay up late working or studying and then
experience circadian misalignment, which leads to sleep insufficiency, social jetlag and consequently daytime sleepiness
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Table 4 Multiple Linear Regression Analyses for Factors Associated with Pittsburgh Sleep Quality Index Stratified by Stress Susceptibility (n = 887)

Total Stress Susceptibility

Low (n = 357) Moderate (n = 363) High (n = 167)

B (se) p-value B (se) p-value B (se) p-value B (se) p-value

Sex
Male vs Female 0.06 (0.21) 0.79 −0.11 (0.31) 0.71 0.07 (0.33) 0.82 0.42 (0.57) 0.47

Age (years)
≤30 vs ≥ 45 0.29 (0.25) 0.24 −0.17 (0.35) 0.63 0.63 (0.43) 0.15 0.78 (0.62) 0.21

31–44 vs ≥ 45 −0.013 (0.23) 0.95 0.52 (0.32) 0.11 −0.25 (0.35) 0.47 −1.03 (0.66) 0.12

Composite Scale of Morningness −0.02 (0.01) 0.01 −0.01 (0.01) 0.66 −0.02 (0.01) 0.19 −0.05 (0.02) 0.01
Beck Depression Inventory-II 0.12 (0.01) <0.001 0.11 (0.03) <0.001 0.13 (0.02) <0.001 0.12 (0.02) <0.001

Psychiatric diagnosis

Bipolar affective disorder vs Healthy 1.0 (0.25) <0.001 1.07 (0.37) 0.004 1.07 (0.38) 0.01 1.01 (1.11) 0.36
Major depressive disorder vs Healthy 1.56 (0.27) <0.001 1.37 (0.46) 0.003 1.45 (0.40) <0.001 1.92 (1.08) 0.08

Stress Susceptibility

High vs Low 0.53 (0.36) 0.14 - - - - - -
Moderate vs Low 0.53 (0.24) 0.03 - - - - - -
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or emotional dysregulation.9 Moreover, eveningness preference is related to night eating, which may also further delay
bedtime and impair subjective sleep quality.34 Although all of these behavior-related sleep-wake problems could be
speculated to mediate the relationship between increased eveningness preference and high PSQI scores, the genuine
mechanism needs further investigation.

Stress Susceptibility Moderates the Relationship Between Eveningness Preference and
Poor Sleep Quality
Our results revealed that the relationship between eveningness preference and poor sleep quality was stronger in the HSS
group than in the LSS group. The potential underlying mechanism for this moderating role of stress susceptibility is
noteworthy. In fact, some individuals with eveningness preference may be self-afflicted bedtime procrastinators. Bedtime
procrastinators are known to also engage in general procrastination of other activities, tend to have low levels of self-
control and self-efficacy, and are likely to have eveningness preference and poor sleep quality.35 Bedtime procrastinators
tend to relieve stress by delaying bedtime intentionally and using maladaptive coping behaviors, such as spending more
time on leisure activities and eating before bedtime.36 Thus, bedtime procrastination could be regarded as a maladaptive
behavioral response to stress reaction.36 As a result, the moderation effect of stress susceptibility may come from the
maladaptive stress-coping style in the HSS group, such as bedtime procrastination. This kind of pre-sleep behavior may
cause an epiphenomenon of eveningness preference and directly lead to poor sleep quality. In the sub-analysis, we found
that eveningness preference may mediate the difference in sleep quality between the HSS and the LSS group. This
finding further lends support to our argument about eveningness preference as a kind of maladaptive behavioral response
to stress. However, bedtime procrastination was not measured in this study and our argument needs to be examined in
future studies.

The Strategy to Define Stress Susceptibility
Because stress reaction involves a wide range of elements, a generally acceptable definition or a single measurement for
stress reaction is still lacking. Among the currently available measurement instruments, some comprise constructs that
involve parts of the stress reaction, such as the State-Trait Anxiety Inventory (STAI).37 However, in the STAI, situational
anxiety items are used to assess the current anxiety state, but the timeframe is short. Meanwhile, the trait anxiety items of
the STAI include a few assessments for characteristics but are not comprehensive. Accordingly, we conceptualized
a novel categorical variable, ie, stress susceptibility, to represent the complex process of stress reaction. According to the
stress theories, the stress-related measurements were classified a priori, corresponding to three consecutive elements:
personality, perceived stress, and stress response in this study.38 The interrelated pattern between these stress-related
measurements revealed in this study also illustrated how elements of stress reaction interacted with each other. As
a result, we conducted LCA to utilize information from several theory-based and stress-related measurements and to
derive subgroups that represent heterogeneous stress susceptibility. In this study, LCA assisted in disentangling and
categorizing a complex and interrelated group of variables, thus allowing us to investigate the role of stress susceptibility
in the relationship between eveningness preference and poor sleep quality. Although this is the first attempt, to the best of
our knowledge, in the literature, this approach also raised concerns regarding the justification for indicator variables that
defined stress susceptibility.

In this study, compared with neuroticism and harm avoidance, the inclusion of extraversion and novelty seeking as
indicator variables that defined stress susceptibility warrants further discussion. “Activity”, one facet of the Regulatory
Theory of Temperament (RTT),39 had been found to negatively correlate with eveningness preference.40 Although they
may not be directly comparable, activity in the RTT correlated with extraversion in the Five-Factor Model of Personality
(FFM)41 and novelty seeking in the Psychobiological Model of Personality (PMP).42 In this study, extraversion had
a very low agreement with neuroticism (r=−0.13), and either the novelty seeking with the harm avoidance (r=−0.08).
This finding simply reflected the original conceptual framework of FFM43 and PMP.44 Furthermore, the extraversion with
scores of PSQI (r=−0.14) and novelty seeking with scores of CSM (r=−0.17) were significantly inversely correlated.
These evidences theoretically and empirically suggested extraversion and novelty seeking, apart from neuroticism and
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harm avoidance, may also confound the relationship between chronotype preferences and sleep quality. Furthermore,
various dimensions of personality traits, such as neuroticism and conscientiousness from the FFM;45 briskness and
emotional reactivity in the RTT40 have been found to amplify or mitigate the magnitude of association between
eveningness and depressive mood. These studies suggested that independent dimensions of various personality theories
may exert opposite impact on the association between chronotype preference and adverse mental conditions. Specifically,
contrary to neuroticism, extraversion was associated with active, social, and optimistic ways of dealing with stressful
situations and was a predictor of active coping styles.46 Meanwhile, dissimilar to harm avoidance, novelty seeking was
associated with creativity47 and permitted individuals to have the cognitive flexibility to modify their behaviors.48

Accordingly, we justified including extraversion and novelty seeking as indicator variables for stress susceptibility and
examined its confounding and moderation effect in this study. Notably, although stress susceptibility in this study was
operationalized by various indicator variables, it may still be in line with other established substantive higher-order
factors such as the general factor of personality.49 The general factor of personality indicates social effectiveness, which
shares similar concept with emotional intelligence, ideal employee factor, and impression management.50

Clinical Implications
Poor sleep quality is not only related to adverse physical and mental outcomes but also increased recurrent risk of
remitted mood disorders.51 In this study, even when controlling for diagnoses of mood disorders, depressive symptoms,
and anxiety symptoms (embedded in the construct of stress susceptibility), the association between evening preference
and poor sleep quality remained robust. This finding implicates that not only in healthy people but also in those with non-
acute status of mood disorders, the chronotype is still an independent risk indicator for poor sleep quality, regardless of
residual depressive and anxiety symptoms. Thus, by identifying and returning unfavorable chronotypes, we could
improve sleep quality and consequently promote health. Besides, high stress susceptibility may not compromise sleep
quality by itself, but could synergize the adverse impact of unfavorable chronotype preference on sleep quality.
Therefore, people with high stress susceptibility are the ultra high-risk group and may be benefited to a large extent
from further detecting and modifying their maladaptive sleep-preventing behaviors. These non-pharmacological inter-
ventions could be integrated into programs of stress management for healthy people and non-acute patients with mood
disorders as primary prevention and secondary prevention strategies.

Limitations
This study is subject to several limitations. First, this is a cross-sectional study, and determining the causal inference was
not possible. Second, the results of this study may be biased by residual confounders, such as the use of psychotropics
and primary sleep disorders. However, due to the possible bidirectional relationships between poor sleep quality with
stress-related measurements and depressive symptoms,52 adding stress susceptibility and BDI-II to the statistical models
may raise concerns of over-adjustment. However, even if this is the case, the result is likely to be biased toward the null.
Third, the definition of stress susceptibility used in this study lacked consensus. Assigning different sets of indicator
variables might yield different feature-based clusters; hence, the existence of the moderation effect may be questionable.
Fourth, compared with the total sample, the number of participants in each subgroup was less in the stratified analysis
due to stress susceptibility, which may compromise the statistical power to illustrate a significant within-group associa-
tion between eveningness type and poor sleep quality. However, the examination of moderation effect in this study has
illustrated the existence of between-group difference of effect sizes (HSS vs LSS) regarding the association between
CSM and PSQI. Thus, from a statistical perspective, if given a large enough sample size in each subgroup, the non-
significant effects within- or between-group would eventually turn significant, our main finding that indicates the
between-group difference of effect remains valid. Finally, the present study adopted self-report psychometric instruments
to evaluate chronotype and sleep quality. It is uncertain whether the relationship between chronotype and sleep quality
remains the same if objective measurements are used. For example, measuring dim-light melatonin onset to anchor the
inner biological rhythm and using polysomnography or actigraphy to collect sleep-wake parameters.
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Conclusions
Our findings have community-level and clinical-level practicability because they can be applied to both the health
promotion program for general population and relapse prevention programs for people with mood disorders. In the future,
longitudinal studies are needed to elucidate the temporal relationship between chronotype and sleep quality. Meanwhile,
randomized control trial is necessary to examine the effect of specific interventions.
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