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Purpose: This study aimed to elucidate the various co-occurring patterns of depressive
symptomatology and sleep-wake-related disturbances (SWRDs) in patients with mood
disorders.

Patients and Methods: Individuals in non-acute states of major depressive disorder or
bipolar disorder were recruited. The Beck Depression Inventory II (BDI-II) was utilized to
evaluate depressive symptoms. BDI-II items were classified into three domains: cognitive,
affective, and somatic. Between-domain differences with various SWRDs were examined.
Latent class analysis was used to empirically classify participants using BDI-II items as
indicator variables. Co-occurring patterns between domains of BDI-II items and SWRDs
were re-examined in each subgroup to elucidate inter-individual differences.

Results: In total, 657 participants were enrolled. Of participants, 66.8% were female, and
52.4% were diagnosed with major depressive disorder. Each BDI-II domain exhibited
different co-occurring patterns. The somatic domain was most likely to co-occur with various
SWRDs. Three subgroups were derived from latent class analysis and were designated as
poor sleep quality and high insomnia (n=150), poor sleep quality and moderate insomnia
(n=248), and poor sleep quality and low insomnia (n=159). The group with more severe
insomnia presented with more severe depressive and anxiety symptoms. The three subgroups
further differed in co-occurring patterns. From the low insomnia to high insomnia group, the
associations with various SWRDs appeared in the sequence of somatic, affective, and
cognitive domains.

Conclusion: Co-occurring patterns between domains of depressive symptomatology with
various SWRDs differ and may vary among individuals.

Keywords: co-occurring, latent class analysis, mood disorders, sleep-wake-related
disturbance, depression

Introduction

Mood disorders are highly prevalent." Of the various mood disorders, depression
exhibits the highest recurrence and is characterized by chronicity. In patients with
bipolar disorder, depression, rather than mania, comprises a longer duration in the
disease course,” and depressive symptoms have the greatest impact on quality of
life.’ Sleep-wake-related disturbances (SWRDs) are strongly correlated with
depression. More than 80% of patients with depression experience prominent
insomnia.* Further, sleep architecture in individuals with depression differs from
that of healthy controls, even during the remission state.” The bidirectional relation-

ship between depression and SWRDs has been established. Depression may
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precede complaints of insomnia,® and insomnia may pre-
dict the new onset’ or recurrence of depression.” In
summary, SWRDs are considered a core symptom of
depression and serve as an important factor when investi-
gating the neurobiological mechanisms of depression.

Various neural circuits underpin depression'® and
SWRDs.!" The neurobiology of sleep-wake regulation
overlaps considerably with that of mood.'*'* For instance,
patients with depression exhibited increased rapid eye
movement (REM) sleep; this phenomenon was amplified
when cholinergic neurotransmission was augmented.
Healthy participants administered with cholinomimetics
developed depressive symptoms including anhedonia and
fatigue.” Further, most antidepressants alter sleep architec-
ture. Administration of selective serotonin reuptake inhi-
bitors or monoamine oxidase inhibitors decreased the total
duration of REM sleep, and a transient decrement in
serotonin levels achieved by tryptophan depletion reversed
this effect.'* Electroconvulsive therapy has consistently
been shown to lengthen sleep duration, improve sleep
efficacy, and shift REM sleep patterns to approximate
those of healthy sleepers.'> In summary, depressive symp-
tomatology and various SWRDs are closely related and
may share common neurobiological pathomechanisms. An
in-depth exploration of their specific co-occurring relation-
ships may reveal shared biophysical vulnerabilities and
address issues arising from the heterogeneity of
depression.

Common psychometrics that are used to measure
depressive symptomatology include over 50 depressive
symptoms.'® Thus, each domain of depression may pos-
sess diverse associations with specific SWRDs. A recent
network analysis revealed different associations between
the items of the Inventory of Depressive Symptomatology
with insomnia. Specifically, depression was partially asso-
ciated with insomnia, but irritability, anxiety, and interper-
sonal hypersensitivity were not directly associated with
insomnia.'” Additionally, symptom profiles differ substan-
tially between individuals diagnosed with depressive
disorders.'”® This phenotypic heterogeneity reflects the
complex pathogenesis of depression, which hinders pre-
cise elucidation of the pathomechanisms of depression and
development of precision medicine.'® Consequently, when
investigating the associations between depressive sympto-
matology and SWRDs, individual differences in depres-
sive symptomatology should be considered.

Thus, in the present study, the associations between
depressive symptomatology and SWRDs were examined

in participants diagnosed with mood disorders. First, the
independent associations between each fundamental
domain of depression (cognitive, affective, and somatic)
and SWRDs were examined. Subsequently, with depres-
sive symptoms as indicator variables, latent class analysis
(LCA) was utilized to empirically subgroup participants.
The associations between SWRDs and depressive domains
were then re-examined in participants of each subgroup to

elucidate individual differences.

Patients and Methods
Participants

Participants were enrolled in three general hospitals and
one psychiatric hospital in Taiwan between 2013 and
2018. Individuals fulfilling all the following criteria were
referred by clinicians: (a) aged between 18 and 65 years
old; (b) diagnosed with major depressive disorder (MDD)
or bipolar affective disorder (BAD) according to the
Diagnostic and Statistical Manual of Mental Disorders
(DSM) — 1V; and (c) non-acute status, defined as a score
less than 17 on the Hamilton Depression Rating Scale*
and less than 20 on the Young Mania Rating Scale.”' The
diagnosis of MDD or BAD in eligible participants was
further confirmed using the Chinese version of the
Schedule for Affective Disorder and Schizophrenia-
Lifetime (SADS-L).?>** Exclusion criteria included
comorbid schizophrenia, intellectual disability, and sub-
stance use disorder. Trained interviewers collected com-
prehensive data on sociodemographic variables (sex, age,
birth
employment status, and income), lifestyle factors (body

marital status, location, academic attainment,
mass index, exercise habit, and use of alcohol or tobacco),
and history of physical illness and psychiatric conditions
(psychiatric diagnosis, hypnotic use, depressive symptoms,
and anxiety symptoms). This study was approved by the
Institutional Review Board of the National Taiwan
University Hospital (NO. 201212134RINB,
201512086RIND, 202007094RINA).  Written

informed consent was obtained from each participant,

and

and the study was conducted in accordance with the
2008 revision of the Helsinki Declaration of 1975.

Measurement and Categorization of

Depressive Symptomatology

The Chinese version of the Beck Depression Inventory 11
(BDI-II) was used to measure and quantify depressive
symptoms. The reliability and validity of the Chinese
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version of BDI-II was examined.** In terms of reliability,
the Chinese version of the BDI-II has a Cronbach’s alpha
of 0.94, and a split-half reliability of 0.91. Two factors
were explored in the exploratory factor analysis, including
the cognitive-affective and somatic dimensions. The
Chinese version of the BDI-II correlates well with the
Chinese Health Questionnaire (r=0.69, p<0.001), which
indicates an acceptable degree of convergent validity.
The criterion validity for depressive disorders, which was
measured using the area under the receiver operating char-
acteristic curve, was 0.78 = 0.04, with an optimal cutoff of
16/17, sensitivity of 80.4%, specificity of 62.8%, and
positive predictive value of 72.8%. BDI-II included 21
items: sadness (D1), pessimism (D2), past failure (D3),
loss of pleasure (D4), guilty feelings (DS5), punishment
feelings (D6), self-dislike (D7), self-criticalness (D8), sui-
cidal thoughts or wishes (D9), crying (D10), agitation
(D11), loss of interest (D12), indecisiveness (D13), worth-
lessness (D14), loss of energy (D15), changes in sleep
patterns (D16), irritability (D17), changes in appetite
(D18), concentration difficulties (D19), tiredness or fatigue
(D20), and loss of interest in sex (D21). As we aimed to
investigate the associations between depressive symptoms
and SWRDs, item D16 (“change in sleep patterns”) was
excluded to prevent the introduction of statistical collinear-
ity. For more relevant clinical implications, the remaining
20 items were divided into three domains based on pre-
vious literature,> 2’ comprising the affective domain (D1,
D4, D10, D11, D12, and D17), cognitive domain (D2, D3,
D5, D6, D7, DS, D9, D13, D14, and D19), and somatic
domain (D15, D18, D20, and D21), respectively. The
scores of items in each domain were summed, and their
associations with various SWRDs

respective were

examined.

Measurement of Sleep-Wake-Related
Symptoms

Sleep Quality

The Pittsburgh Sleep Quality Index (PSQI) was used to
measure sleep quality over the past 1 month. The PSQI
comprised 19 items which encompassed seven compo-
nents, including subjective sleep quality (component 1,
Cl1), sleep onset latency (component 2, C2), total sleep
duration (component 3, C3), sleep efficiency (component
4, C4), sleep disturbances (component 5, C5), use of sleep
medication (component 6, C6), and daytime dysfunction

(component 7, C7.) Each component was assigned a score

between 0 and 3, resulting in a global score of 21.%® The
Chinese version of the PSQI has been validated, whereby
a score of 6 or more indicates poor sleep quality.”’
Because hypnotic use would confound the association
between depressive symptomatology with SWRD, C6
was specified as a covariate in subsequent stratified ana-
lyses with each component score. A component score
other than zero was defined such “case” in the related
analyses.

Chronotype Preference
Chronotype

Morningness-Eveningness

preference was assessed using the

(MEQ). The
MEQ is a self-report questionnaire with a total score

questionnaire

between 13 and 55 points. Lower scores indicate
a preference towards eveningness.*® The validity and relia-
bility of the Chinese version of the MEQ have been
established.’’ The lowest quartile of MEQ scores was

defined as eveningness preference in the present study.

Night and Daytime Symptoms of Insomnia

Sleep loss was defined as the gap between actual sleep
duration and subjective evaluation of the required sleep
duration for each individual. “Sleep loss” was considered
a case of actual sleep duration which was 2 or more hours
less than the sleep duration subjectively required by an
individual. Three questions were adopted to evaluate night
symptoms of insomnia:** “In the past 12 months, it takes
more than 2 hours almost every night to fall asleep” for
sleep initiation difficulty, “Sleep interruption occurs
almost every night, and it takes more than one hour to
fall asleep again” for sleep maintenance difficulty, and
“Being awake more than 2 hours earlier than one
expected” for early morning awakening. Daytime symp-
toms of insomnia were evaluated using the question:
“Having persistent daytime sleepiness for at least 2
weeks.” Positive responses to the aforementioned ques-
tions were defined as “cases” for respective symptoms.

Other Physical and Mental Comorbidities

History of physical illnesses was defined based on self-
reports by the participants, including cardiovascular, endo-
crine, metabolic, gastrointestinal, urinary, hematological,
infectious, neurological/musculoskeletal, and immune/
asthma/allergic diseases. Anxiety symptoms were assessed
using the Chinese version of the Beck Anxiety Inventory
(BAT). 3233
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Statistical Analyses

SPSS for Windows, version 17.0 (SPSS, Chicago, IL) was
used for most analyses. Mplus version 7 (Muthen &
Muthen) was used for LCA.** Univariate analysis was
performed using a y° test or analysis of variance
(ANOVA). Multivariable regression was used to examine
the independent relationships between each depressive
domain and SWRDs. The results were expressed as odds
ratios (ORs) and 95% confidence. Moreover, the scores of
each domain of the BDI-II, age, sex, BAI scores, psychia-
tric diagnosis, and hypnotic use were also specified in each
logistic regression model to control for the confounding
effects. P-values less than 0.05 were considered statisti-
cally significant.

Subgrouping by Latent Class Analysis

To investigate individual differences in the associations
between depression domains and SWRDs, participants
were empirically subgrouped by LCA. The 20 items of
the BDI-II were used as indicator variables for LCA. We
further conducted a subgroup-stratified analysis. The opti-
mal number of subgroups was determined using five fit-
ness indices for LCA. Lower values resulted from
Akaike’s information criterion (AIC),*’ and sample size-
adjusted Bayesian information criterion (sBIC)*® indicated
superior model fits. The value of entropy close to one
suggested a clear classification,®” while a value higher
than 0.7 was considered adequate.’® Likelihood ratio
tests were implemented to compare fitness between two
models. Lo-Mendell-Rubin adjusted likelihood ratio test
and parametric bootstrapped likelihood ratio test’® were
used for comparison between adjacent classes.
A significant p-value was interpreted as a k class model

with a superior fit to that of k-1 class model.*

Results
In total, 657 participants were enrolled in the present
study. Of participants, 66.8% were female, and 52.7%
were over 45 years old. Of participants, 52.4% were diag-
nosed with MDD, and 75.7% used hypnotics. The average
BDI-II score was 14.8 (Standard deviation [SD]=11.8).
The average BAI score was 13.2 (SD=12.2) (Table 1).
Table 2 includes the five fitness indices for LCA mod-
els. Based on AIC and sBIC, a five-group model was
superior to a four-group model or a three-group model.
A three-group model had an entropy value closest to one.
According to Lo-Mendell-Rubin adjusted likelihood ratio
test, having five subgroups was not superior to having four

groups. In both three-group model and four-group model,
the major between-group difference was the mean score of
BDI, which indicated different severity of depression.
Because the homogeneous distribution pattern among the
indicator variables and the consideration of statistical
power, a three-group was favored in terms of practical
utility (Figure S1). Overall, a three-group model had the
best entropy value and better clinical utility; therefore, the
three-group model was selected. The three subgroups were
designated based on their SWRD characteristics: poor
sleep quality and high insomnia (PSQ-+HI, n=150), poor
sleep quality and moderate insomnia (PSQ+MI, n=248),
and poor sleep quality and low insomnia (PSQ+LI,
n=159). All three groups were termed as “poor sleep
quality” to highlight that poor sleep quality was consis-
tently prevalent across the subgroups (76.7-93.7%), which
was discordant with the relatively low proportion of indi-
viduals with insomnia symptoms.

With regard to baseline characteristics, the PSQ+HI
group comprised a higher proportion of females (79.3%),
and the PSQ+LI group comprised a higher proportion of
individuals with high income (31.8%). With regard to
lifestyle factors, the PSQ+LI group comprised a higher
proportion of participants participating in regular exercise
(62.5%), and the PSQ+MI group comprised the least reg-
ular drinkers (11.4%). The PSQ+HI group exhibited sub-
stantially more physical comorbidities and comprised
significantly more participants diagnosed with MDD and
participants with hypnotics use. The PSQ+HI group exhib-
ited the highest average BDI-II and BAI scores (Table 1).

Table 3 summarizes the SWRD profiles of all partici-
pants and the three subgroups. Of participants, 84.9% had
poor sleep quality (PSQI total score > 6), and 34.3% had
subjective sleep loss. Each night and daytime symptom of
insomnia was present in approximately one third of parti-
cipants (30.3—41.0%). Between-group comparisons
revealed that SWRDs were most prevalent in the PSQ
+HI group, slightly less in the PSQ+MI group, and were
least prevalent in the PSQ+ LI group with the exception of
early morning awakening and daytime sleepiness, which
were distinctly more common in the PSQ+LI group than in
the PSQ+MI group. Similarly, PSQI-defined poor sleep
quality was evident across subgroups, ranging from
76.7% to 93.7%. Night symptoms of insomnia were lowest
in the PSQ+LI group (26.9-29.0%), but daytime sleepi-
ness was not lowest in the PSQ+LI group (43.8%).

Figure 1

illustrates the independent relationship

between domains of depressive symptomatology and
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Table | Sociodemographic Characteristics of Participants (n=657)

Total PSQ+HI* PSQ+MI PSQ-+LI p-value for y>/ANOVA
n=657 n=150 n=248 n=259

Sex (n, %)
Female 439 (66.8) 119 (79.3) 149 (60.1) 175 (66.0) <0.001
Male 218 (33.2) 31 (20.7) 99 (39.9) 90 (34.0)

Age (n, %)
<30 years 92 (15.9) 22 (17.1) 33 (154) 37 (15.8)
3144 years 181 (31.4) 49 (38.0) 71 (33.2) 61 (26.1) 0.13
2 45 years 304 (52.7) 58 (45.0) 110 (51.4) 136 (58.1)

Marital status (n, %)
Single 217 (37.6) 54 (41.9) 80 (37.4) 83 (35.5) 0.06
Married 251 (43.5) 43 (333) 94 (43.9) 114 (48.7)
Other 109 (18.9) 32 (24.8) 40 (18.7) 37 (15.8)

Birth place (n, %)
Urban 450 (79.8) 11 (86.7) 159 (75.7) 180 (79.6) 0.05
Rural 114 (20.2) 17 (13.3) 51 (243) 46 (20.4)

Education (n, %)
University and higher 271 (47.1) 48 (37.5) 112 (52.3) 11 (47.6)
Senior high school 205 (35.7) 53 (41.4) 72 (33.6) 80 (34.3) 0.10
Junior high school and lower 99 (17.2) 27 (21.1) 30 (14.0) 42 (18.0)

Work status (n, %)
Employed 221 (38.6) 46 (35.7) 83 (39.3) 92 (39.5) 0.74
Unemployed 352 (61.4) 83 (64.3) 128 (60.7) 141 (60.5)

Income (n, %)
High (240,000 NTD/month) 157 (28.6) 23 (19.0) 63 (30.7) 71 (31.8)
Moderate (10,000-39,999 NTD/month) 174 (31.7) 45 (37.2) 55 (26.8) 74 (33.2) 0.04
Low (0-9999 NTD/month) 218 (39.7) 53 (43.8) 87 (42.4) 78 (35.0)

Body mass index (n, %)
Healthy weight (18.5- <24.0 kg/m?) 305 (54.0) 63 (50.0) 11 (53.1) 131 (57.0)
Underweight (<18.5 kg/m?) 43 (7.6) 11 (87) 19 (9.1) 13 (5.7) 0.6l
Overweight (24.0- <27.0 kg/m?) 155 (27.4) 34 (27.0) 57 (27.3) 64 (27.8)
Obesity (227.0 kg/m?) 62 (11.0) 18 (14.3) 22 (10.5) 22 (9.6)

Lifestyle (n, %)
Regular exercise (> 2 times/week) 312 (54.7) 52 (40.6) 115 (54.8) 145 (62.5) <0.001
Cigarette use
Non-smoker 372 (65.7) 8l (64.8) 136 (64.2) 155 (67.7)
Ex-smoker 75 (13.3) 12 (9.6) 32 (I5.1) 31 (13.5) 0.43
Current smoker 119 (21.0) 32 (25.6) 44 (20.8) 43 (18.8)
Regular alcohol drinking>lyear 96 (17.1) 27 (21.8) 26 (11.4) 43 (20.5) 0.01

Comorbid disease (n, %)
Cardiovascular disease 132 (23.2) 23 (18.0) 51 (24.2) 58 (25.1) 0.28
Endocrinology and metabolism disease 164 (29.1) 45 (35.4) 51 (24.4) 68 (30.0) 0.10
Gastroenterology disease 260 (45.5) 78 (60.9) 97 (45.8) 85 (36.6) <0.001
Urinary system disease 62 (10.9) 17 (13.3) 29 (13.8) 16 (6.9) 0.04
Infectious disease 9 (1.6) | (0.8) 524 3 (1.3) 0.47
Neuromuscular disease 201 (35.3) 62 (48.8) 78 (37.0) 61 (26.3) <0.001
Autoimmune disease/asthma and allergy 166 (29.0) 39 (30.5) 63 (29.7) 64 (27.6) 0.8l

(Continued)
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Table | (Continued).

Total PSQ+HI* PSQ+MI PSQ+LI p-value for y’/ANOVA
n=657 n=150 n=248 n=259

Hematology disease 83 (14.5) 23 (18.0) 31 (14.7) 29 (12.5) 0.37
Psychiatric diagnosis (n, %)

Bipolar affective disorder 313 (47.6) 55 (36.7) 103 (41.5) 155 (59.8) <0.001

Major depressive disorder 344 (52.4) 95 (63.3) 145 (58.5) 104 (40.2)
Use of psychotropic agents (n, %)

Antidepressants 358 (54.8) 107 (72.3) 145 (58.9) 106 (40.9) <0.001

Mood stabilizers 239 (36.5) 39 (26.2) 78 (31.7) 122 (47.1) <0.001

Antipsychotics 264 (40.4) 71 (47.7) 94 (38.2) 99 (38.2) 0.12

Hypnotics use 432 (75.7) 111 (88.1) 163 (76.5) 158 (68.1) <0.001
Beck Depression Inventory-lIl [mean 14.8 (11.8) 31.8 (5.1) 16.3 (6.1) 35 (29) <0.001
(SD)]
Beck Anxiety Inventory [mean (SD)] 132 (12.2) 26.1 (11.4) 13.3 (12.2) 6.1 (7.4) <0.001

Abbreviations: *PSQ, poor sleep quality; Hl, high insomnia; M|, moderate insomnia; LI, low insomnia; SD, standard deviation.
Table 2 Model Fitting Results for 3- to 5-Class Solutions in the Latent Class Analysis (n=657)
3 Classes 4 Classes 5 Classes

Akaike Information Criterion 20,533.92 20,178.22 20,025.83
Sample-Size Adjusted Bayesian Information Criterion 20,694.07 20,392.19 20,293.62
Entropy 0.93 091 091
Lo-Mendell-Rubin Adjusted Likelihood Ratio test 0.0046 0.0002 0.6234
Parametric Bootstrapped Likelihood Ratio test <0.0001 <0.0001 <0.0001

Table 3 Univariate Analysis for Sleep-Wake-Related Disturbances in Subgroups (n=657)

Total PSQ+HI* PSQ+MI PSQ+LI p-value for y2/ANONA
n=657 n=150 n=248 n=259
Pittsburgh Sleep Quality Index
Total scores 2 6 (n, %) 485 (84.9) 118 (93.7) 189 (88.7) 178 (76.7) <0.001
Component scores 21 (n, %)
Subjective sleep quality 245 (42.9) 84 (66.7) 98 (46.0) 63 (27.2) <0.001
Sleep latency 314 (55.0) 86 (68.3) 116 (54.5) 112 (48.3) 0.001
Sleep duration 119 (20.8) 40 (31.7) 40 (18.8) 39 (16.8) 0.003
Sleep efficiency 125 (21.9) 41 (32.5) 42 (19.7) 42 (18.1) 0.004
Sleep disturbance 448 (78.5) 105 (83.3) 173 (81.2) 170 (73.3) 0.04
Daytime dysfunction 162 (28.4) 63 (50.0) 61 (28.6) 38 (l16.4) <0.001
Eveningness chronotype (n, %) 126 (26.1) 45 (42.9) 55 (29.6) 26 (13.6) <0.001
Night and daytime symptoms of insomnia
Subjective sleep loss 2 2 hours 177 (34.3) 49 (44.5) 70 (36.8) 58 (26.9) 0.004
Sleep initiation difficulty (n, %) 203 (35.9) 54 (43.5) 81 (38.6) 68 (29.3) 0.02
Sleep maintenance difficulty (n, %) 207 (36.6) 64 (51.6) 76 (36.2) 67 (28.9) <0.001
Early morning awakening (n, %) 171 (30.3) 52 (41.9) 58 (25.1) 61 (29.0) 0.004
Daytime sleepiness (n, %) 231 (41.0) 63 (50.8) 76 (33.2) 92 (43.8) 0.003

Abbreviations: *PSQ, poor sleep quality; HI, high insomnia; MI, moderate insomnia; LI, low insomnia.
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Figure | The co-occurring patterns between domains of depressive symptomatology with global scores and component scores in the Pittsburgh Sleep Quality Index (PSQI).
C: cognitive domain; A: affective domain; S: somatic domain. The number (odds ratio) and thickness of the lines linking each domain and PSQI-related components reflect
the effect sizes of associations. The co-occurring patterns are illustrated by participant groups. Panel (A): total participants. Panel (B): the poor sleep quality with high
insomnia (PSQ+HI) group. Panel (C): the poor sleep quality with moderate insomnia (PSQ+MI) group. Panel (D): the poor sleep quality with low insomnia (PSQ+LI) group.

PSQI-defined poor sleep quality and six components in all
participants and each subgroup. The results of multiple
logistic regression analyses are detailed in Supplement
Table S1. Of participants, daytime dysfunction was the
only component related to all three domains of depression
(panel A). In subgroup analyses, additional co-occurring
patterns were observed in specific subgroups. In the PSQ
+HI group, cognitive and affective domains were related
to sleep latency and efficiency, respectively (panel B).
Figure 2 depicts the independent relationship between
domains of depressive symptomatology with chronotype
preference and insomnia symptoms. The results of multi-
ple are presented in

logistic regression analyses

Supplement Table S2. Cognitive and somatic domains

were more likely to co-occur with evening chronotype,
while the somatic domain was additionally related to sub-
jective sleep loss (panel A). Among the subgroups, the

PSQ+HI group contained the highest number of co-
occurring associations. Despite a null association when
analyzing total participants, sleep initiation difficulties
were specifically related to the cognitive domain in the
PSQ+HI group (panel B) and to the affective domain in
the PSQ+MI group (panel C). In the PSQ+HI group, the
somatic domain was related to early morning awakening
and daytime sleepiness (panel B); these associations were
only identified in the subgroup analyses.

Integration of the identified co-occurring patterns
revealed that depressive symptomatology exhibited various
co-occurring patterns with SWRDs. In general, the somatic
domain exhibited the highest number of associations with
SWRDs. When comparing co-occurring patterns in each
subgroup, a progressive order was noted (Figure S2). In
the order of PSQ+LI, PSQ+MI, and PSQ+HI groups, the co-
SWRDs

occurring associations between various and
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A Total

Subjective
Sleep Loss

C PSQ+MI

Sleep Initiation
Difficulty

B PSQ+HI

Sleep Initiation
Difficulty

Early
Morning
Awakening

1.42

Daytime
Sleepiness

D PSQ+LI

Figure 2 The co-occurring patterns between domains of depressive symptomatology with various nighttime and daytime symptoms of insomnia and chronotype
preferences. C: cognitive domain; A: affective domain; S: somatic domain. The number (odds ratio) and thickness of the lines linking each domain and PSQI-related
components reflect the effect sizes of associations. The co-occurring patterns are illustrated by participant groups. Panel (A): total participants. Panel (B): the poor sleep
quality with high insomnia (PSQ+HI) group. Panel (C): the poor sleep quality with moderate insomnia (PSQ+MI) group. Panel (D): the poor sleep quality with low insomnia

(PSQ+LI) group.

domains of depressive symptomatology appeared in the
sequence of somatic, affective, and cognitive domains.

Discussion
This study aimed to elucidate the complex associations
between depressive symptomatology and SWRDs in indivi-
duals with mood disorders. To this end, we categorized
depressive symptomatology into three domains and further
empirically subgrouped participants to disentangle the het-
erogeneity of depressive symptomatology between indivi-
duals. Our findings indicate that even in the non-acute state,
a large proportion of participants still presented with
SWRDs. In addition, the three domains of depression exhib-
ited different co-occurring patterns with SWRDs, and these
patterns further varied in empirically derived subgroups.
Although there is abundant literature on the heterogeneity
of depression based on LCA,* to the best of our knowledge,
the present study is the first to recruit only participants with
a non-acute state of depression. In a systematic review that
included 24 articles using LCA to identify depression

subgroups, half of the articles were based on community
populations, and the other half was based on clinical
populations.*® Most of the clinical samples focused on the
acute state of mood disorders, and the others examined
cohorts comprising both acute and non-acute state patients.
Compared to individuals in the acute state, those in the non-
acute state are more likely to reflect long-term trait-like
psychopathology which may indicate underlying neurophy-
siological pathomechanisms. Further, only one previous
study that also used LCA to subgroup depression addressed
the associations between depression symptoms with night
symptoms of insomnia.*' Thus, the analytical strategy, char-
acteristics of participants, and various types of SWRDs are
unique features of the present study.

Rationale for Classifying BDI-II

Depressive Symptoms
In the present study, depressive symptoms of the BDI-II
were empirically assigned to three domains. This conceptual
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approach is similar to that proposed by the developer of the
BDI-II, in which somatic-affective and cognitive factors
were conceptualized.** In the literature, the factor structure
of the BDI-II has been investigated in different populations,
and the number of factors remains controversial. In general,
cognitive, affective, and somatic domains are the three most
commonly proposed factors; these three factors are occa-
sionally reduced to two factors.>>*° In this study, “concen-
tration difficulty” was categorized as a cognitive domain
symptom, which differed from previous studies. Since con-
centration difficulty and indecisiveness have been categor-

ized into the same factor*>**

and are classified as a single
diagnostic criterion in the DSM system, we employed this

strategy to increase the clinical relevance of our study.

Differential Co-Occurring Patterns
Between Domains of Depressive
Symptomatology and SWRDs

Of the three domains, the somatic domain was most likely
to be associated with various nighttime symptoms of
SWRDs. This finding agrees with previous reports of
factor analysis indicating that sleep-related items were
almost always classified into similar factors as symptoms
of loss of energy, change in appetite, or interest in sex.”
This finding also suggests a shared pathomechanism invol-
ving the hypothalamus, which maintains fundamental phy-
siological demands, such as sleep, appetite, and sex.*’

In contrast to previous research on nighttime symptoms
of SWRDs and mood disorders, the present study high-
lighted the importance of addressing daytime manifesta-
tions of SWRDs. In this study, the prevalence of daytime
sleepiness, which was defined as daytime symptoms of
insomnia, was high in all participants (41%) and higher
than that in the general population (1.0-6.4%).4
Furthermore, PSQI-defined daytime dysfunction co-
occurred with all domains of depression in all participants.
This consistent co-occurring pattern across domains
echoes previous arguments that daytime symptoms of
insomnia are more strongly correlated with depressive
symptomatology =~ when  compared to  nighttime
symptoms.*’*® Daytime SWRDs may indicate residual
symptoms of depression, suboptimal treatment of
SWRDs, or adverse effects from psychotropic agents.
Further investigations of the prevalence of daytime
SWRDs in individuals with non-acute mood disorders

are warranted.

Another notable finding of the present study was the
co-occurring pattern of the eveningness chronotype and
the cognitive and somatic domains of depressive sympto-
matology. This finding is consistent with previous reports
that inpatients with mood disorders and eveningness pre-
ference had higher scores in the cognitive and somatic
domains of the BDI-IL.*’ Several mechanisms may under-
pin the link between the cognitive domain and eveningness
preference. First, the eveningness chronotype is associated
Second, the CLOCK gene
rs1801260 C allele is correlated with both eveningness

with suicidal behavior.>°

preference”’ and hopelessness, > which is
a psychopathology under the umbrella of pessimism.
Since both suicidal ideation and pessimism are cognitive
symptoms of the BDI-II, our findings suggest a similar
phenomenon.

In the present study, the somatic domain included four
items of the BDI-II including loss of energy, changes in
appetite, tiredness or fatigue, and loss of interest in sex.
These symptoms are at least partly controlled by the arou-
sal system and/or reward system in the central nervous
system. The neural substrate underpinning the co-
occurring evening preference and somatic domain of
depressive symptomatology may be the hypothalamus,
which regulates circadian rhythmicity and modulates arou-
sal and reward systems.’> > In addition, this co-occurring
pattern may also be due to a misalignment between inner

circadian rhythms and external social rhythms.”®>’

Differential Co-Occurring Patterns
Between Depressive Symptomatology

and SWRDs Among Subgroups

In this study, we used LCA to identify subgroups with
homogeneous profiles of the BDI-II symptomatology.
Among the three subgroups, differential co-occurring pat-
terns were observed. This finding suggests distinct pathome-
chanisms and clinical implications. First, in the order of PSQ
+LI, PSQ+MI, and PSQ+HI, the corresponding sequence of
specific domains of depressive symptomatology co-
occurring with any SWRD was somatic, affective, and cog-
nitive. As these three subgroups differed in the overall
severity of depressive symptoms, our findings suggest that
in some subgroups of patients, cognitive therapy for both
SWRDs and depressive symptoms may be beneficial, such
as in the PSQ+HI group. In contrast, somatic or behavioral
treatments may be the most effective intervention in other

circumstances, such as in the PSQ+LI group. Second, the
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co-occurring patterns that were only identified in subgroup
analysis warrant further attention. For example, sleep initia-
tion difficulties and PSQI-defined prolonged sleep latency
co-occurred with specific domains in the subgroup analyses
but not in analyses that used the entire sample. Statistically,
co-occurring patterns that were identified using the total
sample but failed to appear in subsequent stratified analyses
could be interpreted as inadequate statistical power in each
subgroup analysis. In contrast, the identification of co-
occurring patterns only in specific subgroups suggested
that differential strength of co-occurring patterns between
subgroups nullifies an association that should appear in
a specific subgroup. For example, the co-occurring pattern
for depressive domains with sleep initiation difficulties was
uniquely identified in the PSQ+HI and PSQ-+HI subgroups.
Notably, sleep initiation difficulties co-occurred with the
cognitive domain in the PSQ+HI subgroup and with the
affective domain in the PSQ+MI subgroup. This group-
specific association hints at different pathomechanisms
underlying similar SWRD phenotypes in individuals with
non-acute state mood disorders. As insomnia is formulated
as a consequence of hyperarousal (cognitive, affective, and

somatic) in modern insomnia theoretical models,”™>"

cogni-
tion-related hyperarousal in the PSQ+HI group and affect-
related hyperarousal in the PSQ+LI group may differentially
explain an identical insomnia phenotype that requires dis-

tinct interventions.

Limitations

This study has several limitations. First, this was a cross-
sectional study; therefore, causal inferences could not be
drawn. Second, multiple comparisons in a series of logistic
regression analyses may have inflated type I errors.
Furthermore, psychotropic agents other than hypnotics
may have introduced additional confounding effects.
Third, participants in this study were from mixed samples
of MDD and BAD, for which the pathomechanisms for
depressive symptomatology may differ in essence.
However, we controlled for psychiatric diagnosis in the
multiple logistic regression analyses. Therefore, the poten-
tial confound from diagnosis was at least partly mitigated.
Fourth, this study did not include a healthy control group,
which may provide additional insight into the clinical
implications of the results. Finally, although depressive
symptoms in the BDI-II were categorized into three
domains, it remains unclear whether all symptoms in

a specific domain could be ascribed to a common

neurobiological pathomechanism regardless of whether
the classification was performed empirically or by factor
analysis.

Conclusions

SWRDs provide an important window into the biological
basis of depressive symptoms. Our findings support the argu-
ments of diverse neurophysiological pathogenesis in depres-
sive disorders and hint at neurophysiological targets in
specific subgroups of patients in terms of investigation of
pathomechanisms or clinical interventions. The new para-
digm of “co-occurrence/co-existence” has been proposed to
replace traditional primary-secondary concepts in most recent
diagnostic systems to conceptualize co-occurring depressive
disorders with insomnia disorders. In parallel, the clinical
guidelines for insomnia inform clinicians regarding the simul-
taneous management of insomnia and co-occurring morbid-
ities. However, tailored interventions for individuals with
these co-occurring conditions are lacking. The present study
suggests a novel strategy to disentangle heterogeneous etiol-
ogies in individuals with depressive disorder. In the future,
studies using functional neuroimaging or interventions that
target specific brain areas are necessary to validate the shared
biological substrates for these co-occurring patterns.
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