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Abstract

Background: Although earlier studies have demonstrated that circadian rhythm sleep-wake disorders (CRSWD) are
more prevalent in visually impaired individuals, the actual prevalence of CRSWD and insomnia among the visually
impaired Japanese population remains unclear. The aim of this cross-sectional, telephone-based study was to
estimate the prevalence of CRSWD and insomnia, and explore factors associated with CRSWD and insomnia among
visually impaired Japanese individuals.

Methods: A nationwide telephone survey was conducted among visually-impaired individuals through local
branches of the Japan Federation of the Blind. In total, 157 visually impaired individuals were eligible for this study.
Demographic information and information about visual impairments, lifestyle, and sleep patterns were assessed
using questionnaires and subsequent telephone interviews. CRSWD and insomnia were defined according to the
International Classification of Sleep Disorders-Third Edition criteria.

Results: The prevalence of CRSWD in visually impaired individuals was 33.1%. Among those with CRSWD, a non-24-
h/irregular sleep-wake rhythm type was the most frequently observed (26.8%), followed by an advanced sleep-wake
phase type and a delayed sleep-wake phase type (3.8 and 2.5%, respectively). Furthermore, 28.7% of the visually
impaired individuals were found to have insomnia. In the visually impaired individuals, the absence of light
perception, unemployment, living alone, and use of hypnotics were significantly associated with CRSWD, whereas
only the use of hypnotics was extracted as a marginally associated factor of insomnia.

Conclusions: CRSWD and insomnia were highly prevalent in visually impaired Japanese individuals. The presence
of CRSWD among the visually impaired individuals was associated with a lack of light perception and/or social
zeitgebers.

Keywords: Circadian rhythm sleep-wake disorder, Light perception, Non-24-h sleep-wake rhythm type, Prevalence,
Visual impairment
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Background
Circadian rhythm sleep-wake disorders (CRSWD) and
insomnia are frequently observed in visually impaired in-
dividuals (13–63% and 43–96%, respectively) [1–8]. It
has also been reported that the prevalence of these dis-
orders is higher in visually impaired individuals without
light perception (LP) than in those with LP [5–11]. In
visually impaired individuals without LP, circadian
rhythm-related problems are associated with their low-
ered mental/physical quality of life [11]. Several epi-
demiological studies performed in the United States,
Europe, and New Zealand have reported that the preva-
lence of CRSWD ranges from 18 to 39%, while that of
insomnia ranges from 54 to 86% in visually impaired in-
dividuals without LP [2, 8, 9]. Consistent with these re-
ports, sleep-related problems were frequently observed
among visually impaired Japanese individuals in our pre-
liminary survey who were identified through a single
questionnaire [11]; however, no relevant studies asses-
sing detailed information about the sleep patterns, in-
cluding bedtime and wake-time, or total sleep time, of
visually impaired individuals have been performed in
Japan. Thus, the actual prevalence of CRSWD and in-
somnia among the visually impaired Japanese population
remains unclear.
The occurrence of CRSWD and insomnia are intim-

ately associated with visual loss or inhibited LP [6, 9,
10]. So far, no studies have described the factors associ-
ated with these sleep disorders other than clinical infor-
mation of visual impairment, such as onset, cause, or
status [12]. Meanwhile, it has been noted that the
visually-impaired individuals without CRSWD are
entrained to the 24-h social day via non-photic time
cues, including strict scheduling of activities, exercise,
mealtimes, and social interaction [10, 13–15]. Therefore,
an absence of these non-photic zeitgebers may be associ-
ated with the development of CRSWD and insomnia.
The aims of the present study were to estimate the

prevalence of CRSWD and insomnia, and explore factors
associated with CRSWD and insomnia among visually
impaired Japanese individuals.

Methods
Study setting and survey procedures
The study consisted of telephone surveys carried out be-
tween October 2014 and January 2015. The study was
performed in cooperation with a non-profit organization,
the Japan Federation of the Blind (JFB). The JFB is a na-
tionwide organization consisting of 61 affiliated organi-
zations that include approximately 50,000 blind or
visually impaired members. The organization provides
employment support, audio and Braille libraries, social
and medical information, and various support services to
visually impaired individuals in Japan.

Prior to the present study, the aforementioned prelim-
inary questionnaire survey of sleep-related problems in
visually impaired individuals was administered between
October 2013 and November 2013 [11]. In the prelimin-
ary survey, we provided 61 affiliated organizations with
study information through the JFB and asked for their
cooperation. Of the 61 affiliated organizations, 60 agreed
to cooperate in the preliminary survey. A total of 1200
visually impaired individuals were randomly selected ac-
cording to a stratified random sampling method, in
which the strata were formed based on gender and age.
Among the 1200 eligible participants, 631 agreed to par-
ticipate in the preliminary survey and completed the
study questionnaires (response rate: 52.3%). Of the 631
responders, study information was only provided to the
participants who agreed to participate in the secondary
survey through the JFB (n = 500). The JFB distributed a
letter in Braille and regular text asking individuals to
cooperate in the secondary survey. The participants pro-
vided their responses and basic information (name, ad-
dress, and phone number) and sent the information
back to the Tokyo Medical University. Written informed
consent was obtained from the participants and/or their
family members.
In the secondary survey, telephone interviews were con-

ducted by one of the authors (NT) and a staff member
who had experience in conducting telephone surveys on
large populations. The staff received 2 days of training
prior to starting the survey administration. The survey
consisted of a 30-min interview containing approximately
60 items relating to visual status and sleep habits. A de-
tailed interview form is in an additional file [see Add-
itional file 1]. Before conducting the main survey, the
study staff also performed a pilot survey on 20 individuals
in order to confirm the participants’ understanding of the
questionnaire items, the results of which were excluded
from the main survey. The study protocol, which adheres
to the tenets of the Declaration of Helsinki, was reviewed
and approved by the Research Ethics Committee of Tokyo
Medical University (approval number: 2474).

Participants
Individuals with severe visual impairment who had
Grade 1 (0.01 or less visual acuity in bilateral eyes) or
Grade 2 ([1] monocular blindness and 0.02 or less vision
in the other eye, or [2] 0.02 or less vision in bilateral
eyes) visual disability were recruited. A total of 500 eli-
gible participants were recruited, of whom, 167 returned
responses. Of the 167 responders, eight participants who
refused telephone interviews and data from two family
caregivers were excluded. Consequently, data for 157 in-
dividuals (response rate: 31.4%) were analyzed (Fig. 1).
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Measurements
The questionnaire included the following information:
age, gender (female/male), employment status (employed/
unemployed; job category; number of working days per
week; engagement in shift-work), residential status (living
alone/living with family member), use of public assistance
(yes/no; total time per week), body mass index, eating
habits (having/not having regularly scheduled meals) (yes/
no; timing of meals), exercise habits (having/not having
regularly scheduled exercise more than 30min [twice
times or more per week] for 1 year or more) [16] (yes/no),
hobbies and/or group-activities (yes/no; type of activity),
total walking-time and total sedentary-time per day, pres-
ence of chronic disease currently under treatment (yes/
no), use of hypnotics (yes/no; types), and use of other
medications (yes/no; types). Moreover, visual status (visual

impairment/blindness; visual acuity; extent of visual loss),
LP (with/without), cause of visual impairment (congenital/
acquired; causative disease), age at onset of visual impair-
ment, and morbidity length of visual impairment were
investigated.
To estimate the participants’ sleep habits, they were

asked about their bed- and wake-time, sleep duration,
self-reported sleep onset, and variables related to waking
after sleep onset (frequency of wake episodes and total
number of wake periods during the night). In order to
identify the presence of CRSWD and insomnia during
the previous 3months, items of diagnostic criteria other
than those examined by actigram or sleep log were asked
via telephone interviews by referring to the diagnostic
criteria of the International Classification of Sleep Disor-
ders – Third Edition (ICSD-3) (Table 1) [17].
Based on the diagnostic criteria of the ICSD-3, CRSW

D and insomnia were defined as follows: participants
who answered “yes” to questions 1 or 2 and “three or
more times per week” to questions 5, 6, or 7 and 8, 9, or
10 were classified as having a non-24-h/irregular sleep-
wake rhythm type. We unified these two disorders be-
cause frequent bouts of sleep during the day caused by a
non-24-h sleep-wake rhythm [18, 19] and those caused
by irregular sleep-wake rhythm type could not be differ-
entiated without use of an actigram or sleep log. Partici-
pants who answered “yes” to question 3 and “three or
more times per week” to questions 7 and 8, 9 or 10 were
classified as having advanced sleep-wake phase type,
while those who answered “yes” to question 4 and “three
or more times per week” to questions 5 and 8, 9 or 10
were classified as having delayed sleep-wake phase type.

Fig. 1 Subject flow diagram

Table 1 Diagnostic criteria of circadian rhythm sleep-wake disorders and insomnia

Criteria of circadian rhythm sleep-wake disorders Measurement scale

1) Progressive and day-by-day delay in bedtime/wake up time.(non-24-hour sleep-wake
rhythm type)

yes/no; the range of daily delay

2) Irregular sleep episodes at least three times during a 24-hour period.(irregular sleep-
wake rhythm type)

yes/no; the duration of each sleep episodes and a total
amount of sleep during a 24-hour period

3) Presence of a stable advance (earlier timing) in bedtime/wake-up time relative to the
general population and a difficulty staying awake until the desired bedtime or a
difficulty remaining asleep until the desired time.(advanced sleep- wake phase type)

yes/no

4) Presence of a stable delay (later time) in bedtime/wake up time relative to the timing
required to maintain the schedule of social life and a difficulty falling asleep at the
desired time or a difficulty waking up at the desired time.(delayed sleep-wake phase
type)

yes/no

Criteria of insomnia Measurement scale

5) Difficulty falling asleep at night. yes/no; less than once per week/ once or twice per
week/ three or more per weeka

6) Difficulty maintaining sleep at night.

7) Waking up earlier than desired.

8) Difficulty staying awake and/or dozing off during the day.

9) Feeling of fatigue and/or difficulty in concentrating during day. yes/no

10) Presence of symptoms for at least three months. yes/no
aThese items correspond to the criteria 5-8
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In this study, the presence of non-24-h/irregular sleep-
wake rhythm type, advanced sleep-wake phase type, or
delayed sleep-wake phase type was defined as “possible
CRSWD”. Participants who answered “yes” and “three or
more times per week” to questions 5, 6, or 7, and 8, 9,
or 10 were classified as having insomnia.

Statistical analysis
Before the main analysis, descriptive variables between
participants and non-participants were compared
using data obtained from a 2013 survey, and analyzed
with the Mann–Whitney U test and chi-square test.
After estimating the prevalence of CRSWD and in-
somnia, factors associated with these two disorders
were examined using a series of logistic regression
analyses. Age, gender, visual status, LP, social status,
residential status, presence of treated diseases, exer-
cise habits, and use of hypnotics were used as inde-
pendent variables. All variables were initially
examined in univariate models. In order to control
for confounding factors and to determine the main
correlates, multivariate logistic regression analyses
were subsequently conducted for all variables showing
p < 0.10 in the univariate models. Statistical tests for
estimating odds ratios and confidence intervals (CI)
were based on the likelihood ratio statistics. In these
logistic regression models, the visually impaired indi-
viduals with possible CRSWD (n = 52) and those with
insomnia symptoms (n = 45) were treated as targeted
groups, and the visually impaired individuals who had
neither CRSWD nor insomnia symptoms (n = 60)
were treated as a reference group. Statistical analyses
were conducted using the Statistical Package for the
Social Sciences (SPSS) version 24.0 J (IBM SPSS, Inc.,
Tokyo, Japan).

Results
Comparison of descriptive characteristics between
participants and non-participants
Participants (n = 157) were older (participants 59.5 ±
17.0 years vs. non-participants 54.4 ± 18.4 years, z = 3.26,
p = 0.001) and were older age at the onset of visual im-
pairment compared to non-participants (19.4 ± 20.8
years vs. 14.2 ± 18.8 years, respectively; z = 2.82, p =
0.005) (n = 343). No significant differences were found
between participants and non-participants in terms of
the other descriptive variables, including factors relating
to visual impairment (Table 2).

Descriptive characteristics among visually impaired
individuals
Descriptive characteristics of the study population are
presented in Table 3. The study population consisted of
61 females (38.9%) and 96 males (61.1%) aged 61.0 ±

16.4 (mean ± SD) years. Of the visually impaired individ-
uals, 115/157 (73.2%) were employed and/or students,
77/157 (49.0%) had no LP, and 34/157 (21.7%) used hyp-
notics. Specifically, 73.9% of visually impaired individuals
with CRSWD (17/23) and 64.7% of those with insomnia
(11/17) reported using hypnotics.

Prevalence of CRSWD and insomnia
The prevalence of CRSWD in the visually impaired indi-
viduals was 33.1% (95% CI: 25.8–40.5%) (n = 52). CRSW
D included individuals with non-24-h/irregular sleep-
wake rhythm type (n = 42, 26.8%; 95% CI: 19.8–33.7%),
advanced sleep-wake phase type (n = 6, 3.8%; 95% CI:
0.8–6.8%), and delayed sleep-wake phase type (n = 4,
2.5%; 95% CI: 0.1–5.0%). The prevalence of insomnia in
the study population was 28.7% (n = 45, 95% CI: 21.6–
35.7%). The prevalence of CRSWD in the visually-
impaired individuals with and without LP were as fol-
lows: non-24-h/irregular sleep-wake rhythm type, 15.0%
vs. 39.0%; advanced sleep-wake phase type, 1.3% vs.
6.5%; and delayed sleep-wake phase type, 1.3% vs. 3.9%.
Moreover, the prevalence of insomnia was 23.4% in the
visually impaired individuals without LP and 33.8% in
those with LP. In the present study, there were no cases
of comorbidities with possible CRSWD and insomnia.

Factors associated with CRSWD among visually impaired
individuals
In the visually impaired individuals, univariate analyses
revealed that the following five items were significantly
associated with CRSWD: Blindness (p = 0.001), absence
of LP (p < 0.001), living alone (p = 0.026), presence of
diseases being currently treated (p = 0.001), and use of
hypnotics (p = 0.002). In addition, three factors showed a
marginally significant association with CRSWD: Older
age (p = 0.059), unemployment (p = 0.075), and no exer-
cise habits (p = 0.092). Multivariate logistic regression
analysis using variables showing p < 0.10 in the univari-
ate model revealed that the absence of LP, unemploy-
ment, living alone, and use of hypnotics were
significantly associated with CRSWD (Table 4).

Factors associated with insomnia among visually
impaired individuals
Among the visually impaired individuals, univariate ana-
lyses revealed that only one item, use of hypnotics, was
marginally associated with insomnia. (p = 0.053). Multi-
variate logistic regression analysis also revealed that the
use of hypnotics was marginally associated with insom-
nia (p = 0.053); however, no factors were found to be sig-
nificantly associated with insomnia (Table 4).
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Table 2 Comparison of descriptive characteristics between participants and non-participants

Participants (n = 157) Non-participants (n = 343) Statistics

Age (yrs) 59.5 ± 17.0 54.4 ± 18.4 Z = 3.26 p = 0.001

Gender Female 61 (31.0) 136 (69.0) χ (1) = 0.03 p = 0.866

Male 96 (31.7) 207 (68.3)

Social status Employed/student 105 (30.2) 243 (69.8) χ (1) = 0.77 p = 0.382

Unemployed 52 (34.2) 100 (65.8)

Body Mass Index (kg/m2) 22.9 ± 4.3 22.9 ± 3.8 Z = 0.65 p = 0.517

Visual status Visual impairment 59 (31.1) 131 (68.9) χ (1) = 0.00 p = 0.980

Blindness 98 (31.6) 212 (68.4)

Light perception With 80 (32.3) 168 (67.7) χ (1) = 0.17 p = 0.682

Without 77 (30.6) 175 (69.4)

Cause of visual impairment Congenital 84 (33.5) 167 (66.5) χ (1) = 0.10 p = 0.318

Acquired 73 (29.3) 176 (70.7)

Age at the onset of visual impairment 19.4 ± 20.8 14.2 ± 18.8 Z = 2.82 p = 0.005

Morbidity length of visual impairment 40.2 ± 21.7 40.3 ± 21.8 Z = 0.08 p = 0.934

Living alone 36 (33.0) 75 (67.0) χ (1) = 0.18 p = 0.672

Living with family member 121 (30.9) 268 (69.1)

Exercise habits Yes 65 (28.6) 162 (71.4) χ (1) = 2.85 p = 0.091

No 92 (33.7) 181 (66.3)

Date are expressed as mean ± standard deviation or n (%)

Table 3 Descriptive characteristics of the participants (n = 157)

All visually-impaired individuals

Age (yrs) 61.0 ± 16.4 (range: 14-88)

Gender Female/Male 61 (38.9) / 96 (61.1)

Social status Employed or student/ Unemployed 115 (73.2) / 42 (26.8)

Body Mass Index (kg/m2) 22.8 ± 3.3 (range:15.2-34.8)

Visual status VI/BL 59 (37.6) / 98 (62.4)

Light perception With/Without 80 (51.0) / 77 (49.0)

Cause of visual impairment Congenital/Acquired 84 (53.5) / 73 (46.5)

Age at the onset of visual impairment 19.1 ± 20.7 (range:0-75)

Morbidity length of visual impairment 41.9 ± 21.4 (range:6-79)

Living alone 37 (23.6)

Living with family member 120 (76.4)

Public assistance With/without 113 (72.0)

Exercise habits Yes/No 93 (59.2) / 64 (40.2)

Use of hypnotics Yes/No 34 (21.7) / 123 (78.3)

Bedtime (h:m) 22:43 ± 01:16 (range: 19:00-27:00)

Wake-up time (h:m) 06:02 ± 01:04 (range: 03:00-09:00)

Sleep duration (hrs:m) 05:53 ± 01:17 (range: 03:00-11:00)

Sleep onset latency (min) 31.3 ± 39.6 (range: 1-195)

Wake-up after sleep onset (min) 35.8 ± 50.0 (range: 3-360)

Date are expressed as mean ± standard deviation or n (%)
VI visual impairment, BL blindness
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Discussion
This is the first nationwide epidemiological survey on
the prevalence of CRSWD and insomnia, and their asso-
ciated factors, specifically targeting visually impaired Jap-
anese individuals via detailed telephone interviews.
The result showed that the prevalence of CRSWD in

visually impaired Japanese individuals was slightly lower
than that previously reported in a study conducted in a
Western country (41.7%) [9], but apparently higher than
that in the general Japanese population aged 15–54 years
(0.13%) [20]. In addition, the prevalence of the non-24-h/
irregular sleep-wake rhythm type (26.8%) was slightly
higher than that reported by Leger et al. [2] (19%, consist-
ing of 18% non-24-h sleep-wake rhythm type and 1% ir-
regular sleep-wake rhythm type); this discrepancy could
be ascribed to the difference in diagnostic procedures be-
tween studies. In the present study, we unified these two
disorders because we were unable to determine whether
frequent daytime sleep episodes were due to a non-24-h
sleep-wake rhythm or to an irregular sleep-wake rhythm
[18, 21]. Furthermore, in the current study population, the
prevalence of the advanced sleep-wake phase type was
slightly higher than that of the delayed sleep-wake phase
type, but lower than that found by Lockley and colleague
(13.4–22.0%) [6, 9, 10]; these differences across studies
could be attributable to methodological differences in the
assessment of circadian rhythm sleep-wake disorders. In
the present study, we classified advanced and delayed
sleep-wake phase disorders based on sleep characteristics
without assessment of an endogenous circadian phase
marker; therefore, the prevalence of these disorders may
have been misidentified.
The non-24-h/irregular sleep-wake rhythm type was

highly prevalent in the visually impaired individuals
without LP; the percentage in this population was
equivalent to that reported by Flynn-Evans et al. (39.0%)
[9] and clearly higher than that in those with LP. Thus,
an absence of light perception was inferred to be one of
the risk factors of the non-24-h/irregular sleep-wake
rhythm type. However, it is possible that participants
who were currently classified as having LP by self-
reporting could not perceive light sufficiently to main-
tain the circadian cycle [15]. Thus, further study should
examine the extent to which light perception affects the
circadian cycle in visually impaired individuals with LP.
The prevalence of insomnia among visually impaired

Japanese individuals was lower than that reported in a
previous study [2], in which insomnia was evaluated ac-
cording to the minimum criteria in the 1st edition of the
ICSD and was found to be in the range of 39–47% [2].
Although the reason for this discrepancy is unclear, it
may be due to differences in the nosology and/or diag-
nostic criteria of insomnia between the ICSD-3 and the
1st edition of the ICSD [22]. Specifically, the diagnostic

criteria for the ICSD-3 include the frequency (at least
three times per week) and duration (at least 3 month) of
insomnia and its associated daytime symptoms being dif-
ferent from the minimum criteria in the 1st edition of
the ICSD, which requires only insomnia and its associ-
ated daytime symptoms. The rigorous criteria of ICSD-
3rd might have contributed to the lower prevalence of
insomnia in this study.
The most striking result of our study was that the fac-

tors differed between CRSWD and insomnia. In the
multivariate analysis, the absence of LP, unemployment,
living alone, and use of hypnotics were extracted as fac-
tors associated with CRSWD, whereas the use of hyp-
notics was only marginally associated with insomnia in
the current study population. Among the factors associ-
ated with CRSWD, the absence of LP was most strongly
associated with the disorder. Defective light perception
due to photosensitive retinal ganglion cell dysfunction
can result in loss of photic input to the suprachiasmatic
nuclei, which clearly contributes to the formation of ex-
ternal desynchronization, leading to CRSWD [19, 23].
Thus, our result corroborates the notion that the ab-
sence of LP is an important risk factor for CRSWD in
visually impaired individuals without LP [4, 6, 9, 19]. In
addition, a lack of employment, possibly relating to de-
creased habitual daily activities, might have contributed
to desynchronization of the participants’ circadian
rhythms, as has been shown previously [4, 10]. Con-
versely, the non-24 cycling could not enable individuals
to gain regular employment. In the visually impaired in-
dividuals living alone, it is also possible that a lack of
communication with family members might contribute
to dysregulated circadian rhythms [12–14]. The causal
relationship between CRSWD and the use of hypnotics
could not be identified in the present cross-sectional
survey. However, the presence of nocturnal sleep dis-
turbance due to CRSWD may have motivated the visu-
ally impaired individuals to use hypnotics.
Our results also demonstrated that no factors associated

with insomnia in the visually impaired individuals, other
than use of hypnotics, were extracted. In the general
population, the presence of insomnia has been reported to
be associated with female gender, older age, living alone,
and the presence of comorbid medical conditions [24]. A
possible reason for the discrepancy between the visually
impaired individuals and the general population is the psy-
chological and physiological characteristics specific to vis-
ual impairments; namely, that visually impaired
individuals might have psychological/physiological prob-
lems [25, 26] that are more highly associated with hyp-
notic use than their demographic characteristics.
Several limitations of this study should be noted. First,

although we surveyed the population by referring to the
diagnostic criteria of the ICSD-3 to identify participants

Tamura et al. BMC Public Health           (2021) 21:31 Page 7 of 9



who had “possible CRSWD,” neither an endogenous cir-
cadian marker nor an actigraphy were used to diagnose
CRSWD in this study. Hence, the non-24-h sleep-wake
rhythm and irregular sleep-wake rhythm could not be
differentiated, and the prevalence of these disorders may
have been misestimated. Previous studies measured the
secretion of urinary 6-sulfatoxymelatonin and cortisol,
which accurately reflect circadian rhythm disruption [9,
10]. In future studies, these measurements should be
performed in order to obtain a more accurate diagnosis
of CRSWD. Second, we were unable to identify the mor-
bidity length of CRSWD and insomnia because most
visually impaired individuals could not recall the onset
of CRSWD or insomnia. Third, the accuracy of informa-
tion on LP is questionable because self-reporting was
used to assess the degree and nature of the impairment.
Consequently, detailed information on the nature of
visual impairments that determine ocular or cortical
blindness was unobtainable. Although the results of
some previous studies have shown that self-reported
data related to visual disability show at least moderate
agreement with data from objective assessments [27, 28],
objective data (i.e., ophthalmologic measurements such
as electroretinographic testing) are preferred to examine
the relationship between LP and CRSWD. In addition,
the questions used in this telephone interview were ob-
tained from the ICSD-3 and based on the diagnostic cri-
teria of CRSWD and chronic insomnia, but their validity
was not been confirmed; thus, the outcomes should be
interpreted with caution. Fourth, the relatively small
sample size could have limited the identification of fac-
tors associated with CRSWD and insomnia. Initially, be-
cause of the high prevalence of these disorders, we
expected to extract important associated factors. An im-
portant caveat is also the lack of a control group to com-
pare the results found in the visually impaired
individuals. Thus, future studies should examine the dif-
ferences among the three groups by including a control
group and stratifying visually impaired individuals into
two groups—those with and without LP. Additionally,
the low response rate may have been a possible source
of bias. In contrast, low response rates with telephone
interviews are increasingly becoming a problem in re-
cent years, likely because of the multitude of such sur-
veys being conducted [29]. In most of these surveys, the
potential respondents accept or reject participation be-
fore being asked specific questions. Thus, it is unlikely
that the respondents had any personal interests involved,
and this reduces any possible selection bias. More re-
cently, factors related to willingness to participate in
telephone surveys have also been identified [30]. In the
future, suitable procedures should be considered to mo-
tivate the target population to be more actively engaged
in this kind of studies based on the Japanese context.

Furthermore, in the present study, the possibility of re-
sponse bias might be limited because there were signifi-
cant but small differences in demographic characteristics
(i.e., no significant differences were found in the descrip-
tive variables, except for age at investigation and at onset
of visual impairment) between participants and non-
participants. Fifth, information was lacking on the use of
melatonin/melatonin agonists in the study participants,
which may have affected the status of CRSWD. Finally,
it should be noted that approximately 5 years have
passed since the study was conducted, and the informa-
tion is not necessarily up to date.

Conclusions
CRSWD and insomnia were observed in 33.1 and 28.7%
of visually impaired Japanese individuals, respectively.
The results of this study raised a possibility that increas-
ing physical activity, social contact and getting a regular
job is helpful for preventing CRSWD and insomnia in
this population.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-020-09993-8.

Additional file 1. Interview Form. Interview form developed to conduct
this survey.

Abbreviations
CRSWD: Circadian rhythm sleep-wake disorders; LP: Light perception; ICSD-
3: International Classification of Sleep Disorders – Third Edition;
CI: Confidence intervals; JFB: Japan Federation of the Blind

Acknowledgments
This work was performed in the Department of Somnology, Tokyo Medical
University and Japan Somnology Center, Neuropsychiatric Research Institute,
Tokyo, Japan.

Authors’ contributions
N.T., T.S.S., Y.M., M.O., S.I., and Y.I. contributed to the conception and design
of the study. N.T., T.S.S., Y.M., M.O., and Y.I. contributed to acquisition and
analysis of data. All authors contributed to the drafting of this manuscript
and approved the final manuscript.

Funding
This study was supported by research aid from Alfresa Pharma Corporation
under Grant (no number) (2013); and Takeda Pharmaceutical Company
Limited (15S00746) (2015). The funding bodies played no role in the design
of the study and collection, analysis, and interpretation of data and in
writing the manuscript.

Availability of data and materials
The data for the present study will not be shared publicly as participants
were informed at the time of providing consent that only researchers
involved in the project would have access to the information they provided.

Ethics approval and consent to participate
The study protocol, which adheres to the tenets of the Declaration of
Helsinki, was reviewed and approved by the Research Ethics Committee of
Tokyo Medical University (approval number: 2474). Written informed consent
was obtained from the participants and/or their family members.

Tamura et al. BMC Public Health           (2021) 21:31 Page 8 of 9

https://doi.org/10.1186/s12889-020-09993-8
https://doi.org/10.1186/s12889-020-09993-8


Consent for publication
Not Applicable.

Competing interests
Dr. Y.I discloses payment for expert testimony, lectures including service on
speakers’ bureaus and research funding from Eisai Co. Ltd., Alfresa Pharm
Corp., MSD K. K., and Takeda Pharmaceutical Co., in addition to research
funding from Philips and Koike Medical. The other authors have no conflict
of interest related to this study. All authors are responsible for the contents
of the paper.

Author details
1Department of Psychology, Graduate School of Humanities and Social
Sciences, Hiroshima University, Hiroshima, Japan. 2Department of Somnology,
Tokyo Medical University, Tokyo, Japan. 3Japan Somnology Center,
Neuropsychiatric Research Institute, Tokyo, Japan. 4Department of Clinical
Laboratory Science, Teikyo University, Tokyo, Japan. 5Department of Liberal
Arts, Faculty of Science and Technology, Tokyo University of Science, Chiba,
Japan. 6Yoyogi Sleep Disorder Center, Tokyo, Japan. 7Japan Foundation for
Neuroscience and Mental Health, Tokyo, Japan. 8Department of Preventive
Medicine and Public Health, Tokyo Medical University, Tokyo, Japan.

Received: 12 July 2020 Accepted: 30 November 2020

References
1. Aubin S, Gacon C, Jennum P, Ptito M, Kuper R. Altered sleep-wake patterns

in blindness: a combined actigraphy and psychometric study. Sleep Med.
2016;24:100–8.

2. Leger D, Guilleminault C, Defrance R, Domont A, Paillard M. Prevalence of
sleep/wake disorders in persons with blindness. Clin Sci. 1999;97:193–9.

3. Okawa M, Nanami T, Wada T, et al. Four congenitally blind children with
circadian sleep-wake rhythm disorder. Sleep. 1987;10:101–10.

4. Sack RL, Lewy AJ, Blood ML, Keith LD, Nakagawa H. Circadian rhythm
abnormalities in totally blind people: incidence and clinical significance. J
Clin Endcrinol Metab. 1992;75:127–34.

5. Sasaki H, Nakata H, Murakami S, Uesugi R, Harada S, Teranishi M. Circadian
sleep-waking rhythm disturbance in blind adolescence. Jpn J Psychiatry
Neurol. 1992;46:209.

6. Skene DJ, Lockley SW, Thapan K, Arendt J. Effects of light on human
circadian rhythms. Reprod Nutr Dev. 1999;39:295–304.

7. Tabandeh H, Lockley SW, Buttery R, et al. Disturbance of sleep in blindness.
Am J Ophthalmol. 1998;126:707–12.

8. Warman GR, Pawley MDM, Bolton C, et al. Circadian-related sleep disorders
and sleep medication use in the New Zealand blind population: an
observational prevalence survey. PLoS One. 2011;6:e22073.

9. Flynn-Evans EE, Tabandeh H, Skene DJ, Lockley SW. Circadian rhythm
disorders and melatonin production in 127 blind women with and without
light perception. J Biol Rhythm. 2014;29:215–24.

10. Lockley SW, Skene DJ, Arendt J, Tabandeh H, Bird AC, Defrance R.
Relationship between melatonin rhythms and visual loss in the blind. J Clin
Endocrinol Metab. 1997;82:3763–70.

11. Tamura N, Sasai-Sakuma T, Morita Y, Okawa M, Inoue S, Inoue Y. A
nationwide cross-sectional survey of sleep-related problems in Japanese
visually impaired patients―prevalence and association with health-related
quality of life. J Clin Sleep Med. 2016;12:1659–67.

12. Skene DJ, Arendt J. Circadian rhythm sleep disorders in the blind and their
treatment with melatonin. Sleep Med. 2007;8:651–5.

13. Klerman EB, Rimmer DW, Dijk DJ, Kronauer RE, Rizzo JF III, Czeisler CA.
Nonphotic entrainment of the human circadian pacemaker. Am J Phys.
1998;274:R991–6.

14. Mistlberger RE, Skene DJ. Nonphotic entrainment in humans? J Biol Rhythm.
2005;20:339–52.

15. Uchiyama M, Lockley SW. Non-24-hour sleep-wake syndrome in sighted
and blind patients. Sleep Med Clin. 2009;4:195–211.

16. Ministry of Health, Labour and Welfare. Exercise guidelines for good health
2006 (in Japanese). Tokyo: Ministry of Health, Labour and Welfare Web site.
http://www.mhlw.go.jp/bunya/kenkou/undou01/pdf/ data.pdf. Accessed
May 26, 2015.

17. American Academy of Sleep Medicine. International classification of sleep
disorders. 3rd ed. Darien, IL: American Academy of Sleep Medicine; 2014.

18. Lockley SW, Skene DJ, Tabandeh H, Bird AC, Defrance R, Arendt J.
Relationship between napping and melatonin in the blind. J Biol Rhythm.
1997;12:16–25.

19. Lockley SW, Arendt J, Skene DJ. Visual impairment and circadian rhythm
disorders. Dialogues Clin Neurosci. 2007;9:301–14.

20. Yazaki M, Shirakawa S, Okawa M, Takahashi K. Demography of sleep
disturbances associated with circadian rhythm disorders in Japan. Psychiatry
Clin Neurosci. 1999;53:267–8.

21. Zee PC, Vitiello MV. Circadian rhythm sleep disorder: irregular sleep wake
rhythm type. Sleep Med Clin. 2009;4:213–8.

22. Diagnostic Classification Steering Committee. International classification of
sleep disorders (ICSD). American Sleep Disorders Association, Rochester:
Diagnostic and coding manual; 1990.

23. Schmoll C, Lascaratos G, Dhillon B, Skene D, Riha RL. The role of retinal
regulation of sleep in health and disease. Sleep Med Rev. 2011;15:107–13.

24. Ohayon MM. Epidemiology of insomnia: what we know and what we still
need to learn. Sleep Med Rev. 2002;6:97–111.

25. Brody BL, Gamst AC, Williams RA, et al. Depression, visual acuity,
comorbidity, and disability associated with age-related macular
degeneration. Ophthalmol. 2001;108:1893–900.

26. Van der Aa HPA, Comijs HC, Penninx BWJH, van Rens GHMB, van Nispen
RMA. Major depressive and anxiety disorders in visually impaired older
adults. Invest Ophthalmol Vis Sci. 2015;56:849–54.

27. Elliott DB, Hurst MA, Weatherill J. Comparing clinical tests of visual function
in cataract with the patient’s perceived visual disability. Eye. 1990;4:712–7.

28. Rubin GS, Bandeen-Roche K, Huang GH, et al. The association of multiple
visual impairments with self-reported visual disability: SEE project. Invest
Ophthalmol Vis Sci. 2001;42:64–72.

29. Bjorvatn B, Grønli J, Pallesen S. Prevalence of different parasomnias in the
general population. Sleep Med. 2010;11:1031–4.

30. Glass DC, Kelsall HL, Slegers C, et al. A telephone survey of factors affecting
willingness to participate in health research survey. BMC Public Health.
2015;15:1017.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tamura et al. BMC Public Health           (2021) 21:31 Page 9 of 9

http://www.mhlw.go.jp/bunya/kenkou/undou01/pdf/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study setting and survey procedures
	Participants
	Measurements
	Statistical analysis

	Results
	Comparison of descriptive characteristics between participants and non-participants
	Descriptive characteristics among visually impaired individuals
	Prevalence of CRSWD and insomnia
	Factors associated with CRSWD among visually impaired individuals
	Factors associated with insomnia among visually impaired individuals

	Discussion
	Conclusions
	Supplementary Information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

