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Pathophysiology and pathogenesis of circadian
rhythm sleep disorders

Akiko Hida’, Shingo Kitamura and Kazuo Mishima

Abstract

Metabolic, physiological and behavioral processes exhibit 24-hour rhythms in most organisms, including humans.
These rhythms are driven by a system of self-sustained clocks and are entrained by environmental cues such as
light-dark cycles as well as food intake. In mammals, the circadian clock system is hierarchically organized such that
the master clock in the suprachiasmatic nuclei of the hypothalamus integrates environmental information and
synchronizes the phase of oscillators in peripheral tissues. The transcription and translation feedback loops of
multiple clock genes are involved in the molecular mechanism of the circadian system. Disturbed circadian
rhythms are known to be closely related to many diseases, including sleep disorders. Advanced sleep phase type,
delayed sleep phase type and nonentrained type of circadian rhythm sleep disorders (CRSDs) are thought to result
from disorganization of the circadian system. Evaluation of circadian phenotypes is indispensable to understanding
the pathophysiology of CRSD. It is laborious and costly to assess an individual's circadian properties precisely,
however, because the subject is usually required to stay in a laboratory environment free from external cues and
masking effects for a minimum of several weeks. More convenient measurements of circadian rhythms are
therefore needed to reduce patients’ burden. In this review, we discuss the pathophysiology and pathogenesis of

CRSD as well as surrogate measurements for assessing an individual's circadian phenotype.

Keywords: circadian, sleep, surrogate measurement, clock gene expression, biopsy sample

Mammalian circadian clock system

The circadian clock system regulates daily rhythms of phy-
siology and behavior, such as the sleep-wake cycle and
hormonal secretion, body temperature and mood [1].
These rhythms are entrained by environmental cues, light-
dark (LD) cycles and food intake. In mammals, the master
clock in the suprachiasmatic nuclei (SCN) of the hypotha-
lamus incorporates environmental information and coor-
dinates the phase of oscillators in peripheral cells, tissues
and organs [2,3]. Light is one of the most potent environ-
mental cues that enable the organisms to adapt to the 24-
hour environmental LD cycle. Photic signals are delivered
from the eye to the SCN via the retinohypothalamic tract,
thereby mediating the entrainment of the circadian clock
system [4]. The circadian clock system involves transcrip-
tion-translation negative feedback loops of multiple clock
genes and posttranscriptional modification and
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degradation of clock proteins [4-6] (Figure 1). The basic
helix-loop-helix and Per-Arnt-Sim transcription factors
CLOCK and BMALI form heterodimers and activate tran-
scription of Period 1 (Perl), Per2, Per3, Cryptochrome 1
(Cry1), Cry2 and retinoid-related orphan receptor o
(Rorar), Rorf3, Rory, Rev-Erboc and Rev-Erbf3 by binding to
E-box motifs on their promoter regions. PER and CRY
proteins gradually accumulate in the cytoplasm and phos-
phorylation of PER and CRY occurs with casein kinase 18
(CK18) and CKle. PER, CRY and CKI proteins form com-
plexes that translocate to the nucleus and interact with
CLOCK-BMALL heterodimers, thereby inhibiting tran-
scription of the Per, Cry, Ror and Rev-Erb genes. Mean-
while, Bmall transcription is regulated positively by
retinoid-related orphan receptor (ROR) and negatively by
REV-ERB via the ROR element (RORE) motif on the
Bmall promoter.

Circadian rhythm sleep disorders
A two-process model is a major model of sleep regula-
tion. Two components, homeostatic drive and circadian

© 2012 Hida et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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Figure 1 Molecular mechanism of circadian clock system.

drive, interact with each other and regulate the sleep-
wake cycle [7]. The sleep-wake cycle is controlled by
sleep homeostasis. The desire to sleep increases gradu-
ally with extended wakefulness and decreases during
sleep. Additionally, sleep and wakefulness occur in turn,
and the timing of their occurrence is controlled by the
circadian clock system. Circadian rhythm sleep disorders
(CRSDs) are defined by a persistently or recurrently dis-
turbed sleep pattern. CRSD is attributed etiologically to
alterations of the circadian timekeeping system and/or a
misalignment between endogenous circadian rhythm
and exogenous factors that affect sleep timing [8]. The
intrinsic circadian period (t, the free-running period of
circadian rhythms in the absence of external cues) is
considered to be a critical factor in the pathophysiology
of CRSD [9,10].

Familial advanced sleep phase type

Familial advanced sleep phase type (FASPT) is an auto-
somal dominant genetic disease characterized by extre-
mely early involuntary sleep timing. A missense
mutation in the PER2 gene has been identified in a large
pedigree with FASPT. This mutation caused a change
from serine to glycine at amino acid 662 (S662G)

located in the CKle binding domain of the PER2 protein
and resulted in decreased PER2 phosphorylation [11].
Transgenic mice carrying the mutant S662G PER2 gene
showed a shorter free-running period, t [12]. In addi-
tion, a missense mutation in the CKIJ gene was found
in another FASPT pedigree. The substitution of threo-
nine with alanine at amino acid 44 of CKI3 reduced
enzymatic activity of CKIS§, leading to decreased phos-
phorylation level of PER2, a target of CKI [13]. The
CKId T44A mutation shortened 1, as well as the PER2
S662G mutation, in mice. It was previously proposed
that decreased phosphorylation of PER2 stabilizes the
PER2 protein, thereby enhancing nuclear accumulation
of PER2 and leading to a shorter circadian period.
Recent studies, however, have shown that decreased
PER2 phosphorylation enhances destabilization of PER2
by increasing turnover and degradation of PER2 [14,15].
These findings suggest that the shortening of t observed
in the FASPT models results from enhanced turnover of
nuclear PER2 caused either by increased degradation or
by reduced nuclear retention. FASPT patients have been
reported to have a shorter period of physiological
rhythms [16]. Several studies have indicated that the
phosphorylation status of circadian clock proteins plays
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a critical role in regulating circadian periods [17,18].
Altered 1 seems to contribute to the pathogenesis of
CRSD.

Delayed sleep phase type

Delayed sleep phase type (DSPT) is characterized by the
inability to fall asleep and awaken at a desired time,
leading to significantly later sleep onset and wake times.
The pathophysiology of DSPT is attributed to longer T,
misaligned phase relationship between endogenous
clock and sleep-wake cycles, reduced photic entrain-
ment and/or altered sleep homeostasis. The human
PER3 gene has multiple missense polymorphisms that
cause amino acid substitution and a variable number
tandem repeat (VNTR) polymorphism that encodes
either four or five copies of eighteen amino acids [19].
Association studies have shown that the longer allele
(five copies) in PER3 VNTR polymorphism (PER3®) is
associated with extreme morning preference and that
the shorter allele (four copies) is associated with
extreme evening preference and DSPT [20]. PERS®
homozygotes have been reported to show increased
slow-wave sleep in non-rapid eye movement sleep and
8/a activity during wakefulness compared to homozy-
gotes for PER3* [21]. These results suggest that the
PER3 polymorphism may be linked to homeostatic reg-
ulation of human sleep. The mouse Per3 gene was
thought to be dispensable for circadian rhythm, as
PER3-deficient mice did not show altered expression
patterns of circadian clock genes in the SCN or altered
behavioral rhythm [22]. However, PER3-deficient mice
have recently been reported to have a shorter 7 and
advanced phase of Perl rhythm in peripheral tissues
compared to wild-type mice. The results suggest that
Per3 may play a role in regulating circadian rhythms in
the periphery [23]. Another group has found that PER3-
deficient mice had a lower light sensitivity and sug-
gested that Per3 may be involved in the light input
pathway [24]. These findings imply that the function of
the PER3 gene may contribute to the interaction
between the circadian system and sleep homeostasis.

Nonentrained type (free-running type)

Nonentrained type is characterized by sleep timing that
occurs with a 30-minute to 1-hour delay each day.
Nonentrained sleep-wake patterns are usually observed
in totally blind people [25-27], whereas the none-
ntrained patterns are rarely observed in sighted people.
It is likely that blind individuals have free-running
rhythms due to the loss of photic reception (photic
entrainment). Because the T in humans is not extensively
longer than 24 hours (average © = 24.18 hours) [28] and
sighted people are capable of perceiving photic signals,
impaired photic entrainment as well as prolonged T may
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underlie the pathophysiology of sighted patients with
the nonentrained type.

Evaluation of individual circadian phenotypes
FASPT, DSPT and nonentrained type of CRSDs are
thought to result from malfunction and/or maladapta-
tion of the circadian system. Evaluation of an indivi-
dual’s circadian phenotype is indispensable to
understanding the pathophysiology of CRSD. Individual
subjects are required to stay in a laboratory environment
free from external cues during a couple of weeks’ time
to assess circadian rhythms precisely [28-30]. First,
rhythmic characteristics of physiological functions (core
body temperature, plasma melatonin and plasma cortisol
levels) are measured to estimate individual circadian
phases. Blood samples are collected over a 40-hour per-
iod under constant routine (CR) conditions where mask-
ing effects (for example, physical movement, food intake,
ambient temperature and light intensity) are minimized
(first CR). Next, patients undergo a 28-hour forced
desynchrony (FD) protocol (9.33-hour sleep and 18.67-
hour wake cycle) followed by a 40-hour CR (second
CR). Individual circadian phases are assessed again dur-
ing the second CR. The intrinsic circadian period, 1, is
determined by the difference in circadian phase between
the first and second CRs. As described herein, the CR
and FD protocols are laborious and costly to perform in
a clinical setting. More convenient measurements of cir-
cadian phenotypes are required to reduce the patients’
burden.

Surrogate measurements for assessing circadian
phenotypes

Most cells in peripheral tissues as well as cells in the
SCN are equipped with circadian clock components.
Brown et al. developed a lentiviral luminescence assay
system using biopsy samples to measure individual cir-
cadian rhythms in fibroblasts [31]. Primary cells derived
from skin biopsy samples were introduced with a circa-
dian reporter: the Bmall promoter-driven luciferase
gene (Bmall-luc). The luciferase activity under the con-
trol of the Bmall promoter showed robust daily
rhythms in individual primary fibroblast cells. Bmall-luc
rhythms were monitored for several days, and rhythmic
characteristics of the luminescence rhythms were evalu-
ated. Independently, we measured clock gene expression
in primary fibroblast cells established from individual
skin biopsies and observed robust Bmall-luc rhythms
(Figure 2). Brown et al. found that extreme morning
types had shorter periods of fibroblast rhythms com-
pared to extreme evening types [32]. Furthermore, they
compared the period length of fibroblast rhythms with
that of physiological rhythms in the same subjects and
observed a significant correlation between the two



Hida et al. Journal of Physiological Anthropology 2012, 31:7
http://www jphysiolanthropol.com/content/31/1/7

Page 4 of 5

Biopsy (skin)

l

Establish primary fibroblasts from biopsy samples

7

Transfect circadian reporter into
fibroblast cells

Measure luminescence rhythms
fromcells o

Assess rhythmic characteristics of
fibroblast rhythms

Figure 2 Surrogate measurements for circadian phenotypes.

Surrogate Measurements for Circadian Phenotyping
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(Hida et al., unpublished data)

rhythms. However, they did not observe long fibroblast
periods in blind subjects, who had significantly longer
physiological rhythms than sighted subjects [33]. The
prolonged physiological period observed in the blind
subjects may be caused by their previous sleep-wake
cycles under constant darkness. The unaltered fibroblast
period may be attributed to experimental conditions.
Although the reason for this discrepancy is not yet fully
understood and further studies are required, surrogate
measurements using fibroblast cells should be a power-
ful tool for assessing individual circadian properties.

Conclusions

Evaluation of circadian phenotypes is indispensable to
understanding the pathophysiology and pathogenesis of
CRSD. Because conventional protocols for examining
individual circadian characteristics are laborious and
costly, more convenient measurement methods are
required in the clinical setting. The circadian reporter
Bmall-luc showed robust daily rhythms in primary
fibroblast cells derived from individual skin biopsies.

The fibroblast rhythms are associated with chronotypes
(morningness vs eveningness preference) and physiologi-
cal rhythms. Surrogate measurements using fibroblast
cells would be a powerful tool for the assessment of
individual circadian properties and could lead to provid-
ing personalized medicine for CRSD.
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Individual Traits and Environmental Factors Influencing Sleep Timing:

A Study of 225 Japanese Couples

Akiko Hida,' Shingo Kitamura," Minori Enomoto,’ Kentaro Nozaki,' Yoshiya Moriguchi,’
Masaru Echizenya,® Hiroaki Kusanagi,” and Kazuo Mishima'

"Department of Psychophysiology, National Institute of Mental Health, National Center of Neurology and Psychiatry, Tokyo,
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Behavioral and physiological processes, such as sleep-wakefulness, thermoregulation, and hormone secretion, exhibit
24-h rhythms in most organisms. These biological rhythms are driven by the circadian clock system and are entrained
by the external environment, which in the case of humans includes social time schedules. Couples might be ideal
experimental subjects to discriminate between individual traits and environmental factors, as they share lifestyle
habits but not genetic backgrounds. In this study, sleep timing was compared between married Japanese couples
(n=225) who had lived together for 1 yr or more (mean 17 yrs). Additionally, the authors evaluated the influence of
individual traits and environmental factors on an individual’s sleep timing per each couple. The results reveal that
the sleep timings of a couple are mainly associated with the chronotypes of the husband and wife, whereas the
sleep timings are significantly influenced by certain environmental factors. The findings suggest that chronotype
remains one of the major determinants of an individual's sleep onset and wake times. Understanding an individual’s
chronotype may help improve the quality of life issues surrounding sleep. (Author correspondence: mishima@ncnp.

gojp)

Keywords: Chronotype, Circadian rhythms, Lifestyle habit, Society, Spouse

INTRODUCTION

The preferred timing of daily activities shows great vari-
ation among individuals. The type of individual differ-
ence known as morningness-eveningness preference
(chronoytpe) has been well studied by questionnaires,
including the 19-item self-report Horne-Ostberg Morn-
ingness-Eveningness Questionnaire (MEQ) (Horne &
Ostberg, 1976). Morning types fall asleep and get up
earlier than intermediate types, and still earlier than
evening types (Horne & Ostberg, 1976; Kerkhof, 1998;
Tzischinsky & Shochat, 2011). Similarly, phases of phys-
iological rhythms, such as core body temperature and
the secretion of melatonin, cortisol, or thyroid-stimulat-
ing hormone, are advanced in morning types compared
to intermediate types, and more so compared to
evening types (Baehr et al., 2000; Duffy et al., 1999).
Another questionnaire, the Munich ChronoType Ques-
tionnaire (MCTQ), developed by Roenneberg et al.
(2003), collects data on actual sleep and wake times on
work days and free days, and studies by Roenneberg
et al. and others have shown age- and sex-related

differences in chronotype (Adan & Natale, 2002; Carska-
don et al., 1998; Randler, 2008, Roenneberg, 2004; Roen-
neberg et al., 2004). People have an early chronotype in
childhood, which becomes later during puberty and ado-
lescence, before returning to an earlier one, with an early
sleep timing, in the late 20s. Generally, males prefer
evening activities, whereas females prefer morning
ones, but this sex-related difference disappears in the
elderly (Foster & Roenneberg, 2008; Roenneberg et al.,
2003). An individual's chronotype has also been shown
to depend on dawn/dusk times, and the human circadian
clock is predominantly entrained to sun time (Martinez-
Nicolas et al., 2011; Roenneberg et al., 2007). These
findings suggest that chronotype is associated with the
circadian clock system.

The daily rhythms of behavior and physiology driven
by the circadian clock system are entrained to environ-
mental cues, such-as light exposure, food intake, and
work schedules, enabling us to adapt to changes in the
external environment (Foster & Roenneberg, 2008;
Gachon et al., 2004; Pittendrigh & Daan; 1974, Takahashi
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et al., 2008). Sleep-wake timing is one such rhythm that is
influenced by both the circadian clock system and the
external environment. Due to new social needs, most
people in modern society are expected to adjust them-
selves to different time schedules (Akerstedt et al., 2010;
Wittmann et al,, 2006). In this sense, environmental
factors such as social time cues and lifestyle habits
might strongly impact on an individual’s sleep timing.
Couples might be ideal experimental subjects to dis-
criminate between individual traits and environmental
factors, as they share lifestyle habits, but not genetic back-
grounds as in the case of twins (Barclay et al., 2010).
Accordingly, in this study we evaluated the individual
differences in sleep timing by comparing sleep onset
time, wake time, and mid-sleep time between the
spouses of 225 married couples who shared daily rou-
tines and housing for longer than or equal to a 1-yr
period (average 17 yrs). Furthermore, we assessed the
influence of individual traits (age, chronotype, and
depressive mood) and environmental factors (work sche-
dule, spouse’s sleep timing, and lifestyle habits) on the
determination of sleep onset and wake times.

METHODS

Subjects

The study population consisted of 225 married couples,
part of a larger cohort of 1814 Japanese participants
studied by Kitamura et al. (2010). The mean + SD age of
the husbands and wives were 44.39+10.69 yrs and
42.12 +£10.05 yrs, respectively (range 22-73 yrs and 21-
72 yrs, respectively). The couples had lived together for
between 1 and 48 yrs (mean + SD: 17.04 + 10.72 yrs), ate
meals together 0-21 (mean +SD: 9.51 + 4.18) times/wk,
and shared a bedroom 87.11% of the time. In relation
to work patterns, 43 males (19.1% of husbands) and 81
females (36.0% of wives) were nightshift workers 1-2
times/wk, 12 males (5.3% of husbands) and 22 females
(9.8% of wives) 3-4 times/wk, 9 males (4.0% of
husband) and 5 female (2.2% of wives) =5 times/wk.
The protocol was approved by the Institutional Ethics
Committee of National Center of Neurology and Psychia-
try. Written informed consent was obtained from each
subject. The protocol and all the procedures were in
agreement with the Declaration of Helsinki and met the
ethical standards of the journal (Portaluppi et al., 2010).

Self-Assessment

The Japanese versions of all the listed questionnaires
were used in this study. The Horne-Ostberg MEQ
(Horne & Ostberg, 1976) was administered to assess sub-
jects’ diurnal preferences; its validity was previously con-
firmed in a Japanese population (Ishihara et al., 1984).
Since chronotypes have been shown to change with
age, age-adjusted MEQ scores were used to rate individ-
uals’ chronotypes: age-adjusted MEQ scores of 16-41
denote evening types, 42-58 denote intermediate types,
and 59-86 denote morning types. Sleep quality and
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depressive mood were evaluated by the Pittsburgh
Sleep Quality Index (PSQI) (Buysse et al., 1989) and the
Center for Epidemiological Studies Depression Scale
(CES-D) (Radloff, 1977), respectively, to assess the pres-
ence/absence of depression and sleep disorders that
could strongly modify the sleep state in each subject. A
PSQI total score >5 was considered indicative of poor
sleep quality, and a CES-D score 216 was considered
indicative of depressive symptomatology.

Statistical Analysis

Sleep onset time (SOT) and wake time (WT) for the past
month were determined by the values given in the PSQL
The sleep parameters were not obtained separately for
work days or free days. Mid-sleep time (MT) was calculated
as the midpoint between sleep onset time and wake time.
Pearson’s correlation analysis was performed to ascertain
whether sleep onset time, wake time, or mid-sleep time
was correlated between husband and wife, and to deter-
mine if the number of years each couple lived together cor-
related with absolute differences between husband and wife
in terms of sleep onset time (ASO), wake time (AWT), or
mid-sleep time (AMT). Statistical analyses were performed
using SPSS version 11. Noncontinuous variables were ana-
lyzed as categorical data. Full model multiple regression
analysis was performed to assess the influence of individual
traits and external factors on a husband’s or wife's sleep
timing (sleep onset time or wake time) between spouses
for the 225 couples. Variables tested in the analysis for indi-
vidual traits were (i) age, (ii) chronotype, and (iii) presence
of depressive mood (CES-D); and for environmental factors:
(i) shiftwork schedule, (ii) spouse’s shiftwork schedule, (iii)
spouse’s sleep onset time, (iv) spouse’s wake time, (v)
sharing a bedroom (not a sharing a bed but sleeping in
the same room as is common in Japanese culture), (vi)
number of years living together, and (vii) number of
times/wk eating meals (breakfast, lunch, and supper)
together. The variables of “chronotype” and “presence of
depressive mood” were categorized according to the cutoff
points described above in the section on Self-Assessment,
and the variables of “shiftwork schedule,” “spouse’s shift-
work schedule,” and “spouse’s wake time” were categorized
as described above in the section on Subjects. Variables with
a p value <.05 were considered to be statistically significant.

RESULTS

Among the total of 450 participants, 79 males (35.1% of
husbands) and 62 females (27.6% of wives) were defined
as morning types (M), 125 males (55.6% of husbands)
and 154 females (68.4% of wives) as intermediate types
(I), and 21 males (9.3% of husbands) and 9 females
(4.0% of wives) as evening types (E). Fifty-six males
(24.9% of husbands) and 79 females (35.1% of wives)
had poor sleep quality. In addition, 40 males (17.8% of
husbands) and 63 females (28.0% of wives) had depressive
mood. Out of the 225 couples, 120 (53.3%) had the same
chronotypes (husband and wife: 26 M-M, 93 I-], and 1
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FIGURE 1. Frequency distribution of sleep onset time (A), wake time, (B), and mid-sleep time (C) for 225 husbands (open bar) and their

wives (black bar) in our study sample. (A) Husband'’s sleep onset times ranged from 19:45 to 04:00 h, whereas wife’s ranged from 20:35 to
02:30 h. (B) Husband’s wake times ranged from 03:00 to 10:00 h, whereas wife’s ranged from 04:30 to 11:30 h. (C) Husband’s mid-sleep
times ranged from 00:05 to 06:45 h, whereas wife’s ranged from 00:43 to 07:00 h.
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FIGURE 2. Comparison of (A) sleep onset time, (B) wake time, and (C) mid-sleep time between the husband (x-axis) and wife ( y-axis) of

225 couples. Positive correlation was found between husband and wife’s sleep onset times (R=.259, p<.001), wake times (R=.285,

p <.001), and mid-sleep times (R=.345, p <.001).

E-E), whereas 105 (46.7%) had different chronotypes
(husband and wife: 48 M-I, 5 M-E, 29 I-M, 3 I-E, 7 E-M,
and 13 E-I). Couples did not differ by chronotype distri-
bution (x; = 5.30, p = .258), and neither sleep quality distri-
bution (x{=.043, p=.837) nor depressive mood
distribution (3% =.216, p =.642) differed for the various
combinations of chronotypes between husband and wife.

Sleep timing followed a normal distribution and varied
widely among individuals (Figure 1). Husband’s sleep
onset time ranged from 19:45 to 04:00 h (mean + SD:
23:00 + 01:16 h), wake time from 03:00 to 10:00 h (mean
SD: 06:21 +00:54 h), and mid-sleep time from 00:05 to
06:45 h (mean + SD: 02:40 + 00:57 h), whereas the corre-
sponding values for the wife were 20:35 to 02:30 h (mean
+SD: 23:08 + 01:01 h), 04:30 to 11:30 h (mean + SD: 06:01
+00:46 h), and 00:43 to 07:00h (mean=SD: 02:35%
00:42 h). Sleep onset time, wake time, and mid-sleep
time were compared between the husband and wife for
each couple (Figure 2). A positive correlation was seen

between spouses for sleep onset time (R=.259, p<.001),
wake time (R=.285, p<.001), and mid-sleep time (R
=.345, p <.001). On the contrary, there was no correlation
between spouses for age-adjusted MEQ score (R=.078, p
=.244). The absolute difference between spouses in
terms of SO, WT, and MT (i.e., ASO, AMT, and AWT)
ranged from .00 to 4.75 h (mean + SD: 1.03 +.95 h), from
.00 to 5.00h (mean+SD: .72+.77 h), and from .00 to
3.88 h (mean + SD: .72 + .65 h), respectively. No significant
correlation was seen between years living together and
ASO (R=.069, p =.303), AWT (R=-.064, p=.341), or
AMT (R=-.006, p =.928) (Figure 3).

Table 1 lists the influence of individual traits and
environmental factors on husband’s sleep timing. Hus-
band’s SOT was mainly influenced by his chronotype,
followed by number of meals/wk eaten together. Hus-
band’s SOT was not related to his age, his depressive
mood, his or his wife’s shiftwork schedule, wife’s SOT,
wife’s WT, sharing a bedroom, or years living together.
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FIGURE 3. Comparison of absolute differences between husband and wife in (A) sleep onset time (ASO), (B) wake time (AWT), and (C)
mid-sleep time (AMT) with number of years the couple had lived together. The years of living together did not correlate closely with either
ASO (R=.069, p=.303), AWT (R=-.064, p=.341), or AMT (R=-.006, p=.928).

Similarly, husband’s WT was mainly influenced by his
own chronotype, followed by his wife’s WT. No relation-
ship was found between husband’s WT and his age, his
depressive mood, his or his wife’s shiftwork schedule,
wife’s SOT, sharing a bedroom, years living together,
or number of meals/wk eaten together. Overall, hus-
band’s SOT and WT were mainly and strongly associated
with his chronotype.

Table 2lists the influence of individual traits and
environmental factors on wife’s sleep timing. Wife's
SOT was mainly influenced by her chronotype, followed

by husband’s shiftwork schedule and husband’s SOT.
Her SOT showed no relationship with her age, her
depressive mood, her shiftwork schedule, husband’s
WT, sharing a bedroom, years living together, or
number of meal eaten times/wk together. Wife’'s WT
was influenced mainly by her chronotype, followed by
number of meals/wk eaten together and husband’s
WT. In contrast, wife’s age, her depressive mood, her
and her husband’s shiftwork schedules, husband’s
SOT, sharing a bedroom, and years living together were
not related to her WT. Overall, wife’s sleep timing was

TABLE 1. Influence of individual traits and environmental factors on husband’s sleep timing

Husband’s sleep onset time B p

Age 0.199 0.195
Chronotype 0.537 <.001
Depressive mood -0.028 0.602
Shiftwork schedule -0.045 0.416
Wife’s shiftwork schedule -0.043 0.445
Wife’s sleep onset time 0.106 0.061
Wife’s wake time 0.095 0.095
Sharing bedroom 0.035 0.514
Years living together -0.204 0.180
Meal times a week together -0.157 0.007

R=0.649; F(10,214) = 15.601; p < 0.001

Husband’s wake time B p

Age -0.259 0.101
Chronotype 0.435 <0.001
Depressive mood 0.078 0.155
Shiftwork schedule 0.072 0.210
Wife’s shiftwork schedule 0.016 0.781
Wife's sleep onset time 0.066 0.255
Wife’s wake time 0.124 0.034
Sharing bedroom 0.086 0.121
Years living together 0.130 0.404
Meal times a week together -0.068 0.253

R=.623; F(10,214) = 13.589; p<.001

Note: Boldface = significance.
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TABLE 2. Influence of individual traits and environmental factors on wife’s sleep timing

Wife's sleep onset time B p

Age 0.112 0.511
Chronotype 0.209 0.002
Depressive mood 0.117 0.063
Shiftwork schedule 0.028 0.680
Husband’s shiftwork schedule -0.176 0.008
Husband’s sleep onset time 0.179 0.023
Husband’s wake time 0.111 0.160
Sharing bedroom —-0.029 0.647
Years living together -0.015 0.929
Meal times a week together 0.020 0.777

R=0.413; F(10,214) = 4.404; p < 0.001

Wife’s wake time B p

Age —0.074 0.650
Chronotype 0.372 <0.001
Depressive mood 0.015 0.805
Shiftwork schedule -0.001 0.991
Husband’s shiftwork schedule 0.080 0.201
Husband’s sleep onset time 0.076 0.305
Husband’s wake time 0.173 0.022
Sharing bedroom —-0.001 0.990
Years living together —-0.023 0.887
Meal times a week together 0.181 0.008

R=0.503; F(10,214) = 7.248; p < 0.001

Note: Boldface = significance.

mainly associated with her chronotype and with her hus-
band'’s sleep timing.

DISCUSSION

We found that sleep onset time, wake time, and mid-
sleep time did correlate significantly, but not strongly,
between husbands and wives who shared daily routines
and housing. Furthermore, vyears living together
showed no significant correlation with the differences
in sleep timing between husband and wife. Multiple
regression analysis showed that an individual’s sleep
timing was mainly influenced by chronotype. No signifi-
cant correlation was found between the husband and
wife’s chronotype in this study. This is in contrast to
other studies reporting a significant correlation, although
the correlation is thought to be based on initial assorta-
tive mating rather than interaction during marriage
(Hur et al., 1998; Randler & Kretz, 2011). Taken together,
the results suggest that a couple’s sleep timings do not
synchronize the longer they live together, and thus the
saying “Like husband, like wife” may not simply apply
in the specific case of sleep habits.

Environmental factors (work schedule, spouse’s sleep
timing, lifestyle, etc.) have been reported to interfere with
individual sleep-wake cycles (Leonhard & Randler, 2009;
Meadows et al., 2009; Wittmann et al., 2006; Yamazaki
et al., 2005). The data presented here also indicate that

spouse’s sleep timing, spouse’s shiftwork schedule, and
number of meals/wk eaten together influence the sleep
timing. Notably, wife’s SOT was associated with
spouse’s shiftwork schedule and SOT, although hus-
band’s SOT was not. The wife tended to go to bed
earlier if her husband was a nightshift worker, and go to
bed later if her husband went to bed later. Living together
with a spouse appears to be a strong factor influencing
women's sleep timing. Most couples sleep with a steady
partner, and they report being less satisfied when sleeping
alone (Troxel et al., 2007, 2010). It is likely that a husband
and wife go to bed together (same timing) if they have a
good marital relationship. Troxel et al. showed a bidirec-
tional link between sleep and closeness of the couple’s
relationship (Hasler & Troxel, 2010; Troxel, 2010);
couples with matched sleep-wake timing report a better
relationship than those with unmatched sleep-wake
timing. These findings imply that the association
between sleep and relationship quality might explain
the influence of “spouse” on an individual’s sleep timing.

There are some limitations in this study. The survey
was performed using self-rating questionnaires in a
cross-sectional and retrospective design. The present
results would have been strengthened if additional data
had been collected using other tools, such as sleep logs
or actigraphs, and if the study had been conducted in a
prospective and longitudinal manner. Also, Leonhard
and Randler (2009) have reported that children are a
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strong factor influencing their mother’s sleep timing; our
data did not include information about children (number,
age, sex, etc.). In addition, a major model for sleep regu-
lation is a two-process model, where the two components
of circadian drive and homeostatic drive interact with
each other to regulate the sleep-wake cycle (Daan et al,,
1984). As individual differences in nocturnal sleep
pressure have some influence on the preferred timing of
the sleep-wake cycles (Mongrain et al., 2006), data on
homeostatic drive (slow-wave activity in non-rapid eye
movement sleep, etc.) would have provided a better un-
derstanding of an individual’s sleep timing.

CONCLUSION

The present findings demonstrate that chronotype is the
major factor influencing an individual’s sleep timing, fol-
lowed by spouse’s sleep timing, spouse’s work schedule,
or number of meals/wk eaten together. This study suggests
that an individual’s sleep timing is strongly associated with
individual traits and chronotype, although environmental
factors do significantly influence sleep onset and wake
times. Our findings imply that recognizing an individual’s
chronotype may help promote better physical, emotional,
and mental well-being by improving quality of life issues
surrounding sleep.
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