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Study Objectives: This questionnaire-based cross-sectional study was conducted (1) to estimate the prevalence of sleep-related problems, and (2) to 
explore factors associated with lower physical/mental quality of life (QOL), particularly addressing sleep-related problems among Japanese visually impaired 
people.
Methods: This nationwide questionnaire-based survey was administered to visually impaired individuals through the Japan Federation of the Blind. Visually 
impaired individuals without light perception (LP) (n = 311), those with LP (n = 287), and age-matched and gender-matched controls (n = 615) were eligible for 
this study. Study questionnaires elicited demographic information, and information about visual impairment status, sleep-related problems, and health-related 
quality of life.
Results: Visually impaired individuals with and without LP showed higher prevalence rates of irregular sleep-wake patterns and difficulty maintaining sleep 
than controls (34.7% and 29.4% vs. 15.8%, 60.1% and 46.7% vs. 26.8%, respectively; p < 0.001). These sleep-related problems were observed more 
frequently in visually impaired individuals without LP than in those with LP. Non-restorative sleep or excessive daytime sleepiness was associated with lower 
mental/physical QOL in visually impaired individuals with LP and in control subjects. However, visually impaired individuals without LP showed irregular sleep-
wake pattern or difficulty waking up at the desired time, which was associated with lower mental/physical QOL.
Conclusions: Sleep-related problems were observed more frequently in visually impaired individuals than in controls. Moreover, the rates of difficulties were 
higher among subjects without LP. Sleep-related problems, especially circadian rhythm-related ones, can be associated with lower mental/physical QOL in 
visually impaired individuals without LP.
Keywords: circadian rhythm sleep-wake disorder, health-related quality of life, light perception, prevalence, sleep-related problems, visual impairment 
Citation: 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(12):1659–1667.

INTRODUCTION

Visually impaired individuals are likely to have any of several 
comorbid mental/physical disorders including diabetes mel-
litus, hypertension, cognitive impairment, and depression/
anxiety.1–6 The severity of these mental/physical disorders is 
reportedly correlated with visual impairment.1–9 Therefore, 
those individuals might be at risk for lower health-related qual-
ity of life (QOL).7–10

Sleep-related problems have been observed frequently in 
visually impaired individuals.11–15 Reportedly, especially in 
people without light perception (LP), inhibited transmission of 
light signals to the suprachiasmatic nuclei might cause sleep-
related problems because of external desynchronization of the 
biological clock.16,17 Indeed, the rate of circadian-related sleep-
wake disorders is likely to be higher among visually impaired 
individuals without LP than among those with LP.12 In Japan, 
no large nationwide study of this subject has ever been re-
ported. The actual prevalence of sleep-related problems among 
visually impaired individuals in Japan remains unclear.
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Sleep-related problems are known to be intimately as-
sociated with physical and psychological dysfunction in the 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Although earlier studies 
have demonstrated that sleep-related problems including circadian 
rhythm sleep-wake disorder are more prevalent in visually impaired 
individuals without light perception (LP), few studies have examined 
the prevalence of sleep-related problems including circadian rhythm 
sleep–wake disorder, emphasizing the presence/absence of LP. 
Furthermore, the association of sleep-related problems with physical/
mental QOL has not been investigated among visually-impaired 
individuals to date.
Study Impact: Irregular sleep-wake pattern, difficulty maintaining 
sleep and excessive daytime sleepiness were observed more 
frequently in the Japanese visually-impaired individuals than in a 
control group; the relative frequencies of these problems were higher 
in those without LP. Furthermore, the association of sleep-related 
problems possibly manifesting circadian rhythm sleep–wake disorder 
to mental/physical QOL was greater, especially in visually impaired 
individuals without LP.
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general population.18–22 Therefore, sleep-related problems can 
be regarded as a major risk factor for lower QOL among visu-
ally impaired individuals. Nevertheless, no study investigating 
the association between sleep-related problems and physical/
mental QOL among visually impaired individuals has ever 
been reported.

Considering the issues described above, the aims of this 
questionnaire-based cross-sectional study were to (1) estimate 
the prevalence of sleep-related problems among Japanese vi-
sually impaired people, particularly addressing the presence/
absence of LP, and to (2) explore the association between 
sleep-related problems and physical/mental QOL among this 
population.

METHODS

Setting and Survey Procedure
The protocol of the current study was reviewed and approved 
by the Research Ethics Committee of Tokyo Medical Uni-
versity (approved number: 2474). Written informed consent 
was obtained from the study participants and/or their family 
members.

The study was conducted during October 2013–November 
2013 with the cooperation of a non-profit organization, the Ja-
pan Federation of the Blind (JFB). The JFB is a nationwide 
organization comprising 61 affiliated organizations including 
approximately 50,000 blind or visually impaired individuals in 
Japan. The organization provides employment support, audio 
and Braille libraries, social and medical information, and vari-
ous support services to these individuals.

First, we distributed information about this study to the 61 
affiliated organizations through the JFB and asked for their 
cooperation. Next, we mailed questionnaires to the affiliated 
organizations which agreed to participate in the study. These 
affiliated organizations distributed a letter soliciting coopera-
tion in our study, which included an informed consent form, the 
study questionnaires in Braille and regular text, and a return 
envelope. We also distributed questionnaires with a consent 
form to age-matched and gender-matched controls. It did not 
include items related to visual impairment. Individuals who 
agreed to participate in the study completed the questionnaires 
and returned them by mail to the research team.

Participants
Visually Impaired Individuals
Individuals with severe visual impairment who had a 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) disability were 
recruited for the study. Of 61 affiliated organizations, 60 
agreed to cooperate in the study. The organizations randomly 
selected a total of 1,200 visually impaired individuals ac-
cording to the stratified random sampling method23 in which 
the strata were formed based on gender and age (20s, 30s, 40s, 
50s, 60s, and older). By this process, no more than 20 samples 
were selected randomly by each affiliated organization: two 

women and two men were selected from each age stratum. 
Among 1,200 eligible individuals, 631 agreed to participate 
in the study and returned the study questionnaire (response 
rate: 52.3%). Of the 631 participants, 33 were excluded be-
cause either their gender, age, or presence/absence of LP was 
not provided. Consequently, data of 598 participants were 
analyzed (Figure 1).

Controls
For the control group, a total of 1,200 individuals without vi-
sual impairment were recruited similarly to the recruiting of 
the visually impaired individuals, except that we enlisted staff 
members working in the JFB or their family members. Gen-
der, age, and residential area were matched to the individuals 
with visual impairment. Among 1,200 eligible individuals, 622 
agreed to participate in the study and completed the question-
naires (response rate: 51.8%). Of the 622 participants, 7 were 
excluded because of incomplete information related to gender 
or age. Consequently, data of 615 participants in the control 
group were used for analyses (Figure 1).

Measurements
The questionnaire asked for the following basic information: 
age, gender (female/male), employment status (employed/un-
employed), residential status (living alone/living with family 
member/living in a nursing home), body mass index (BMI), 
exercise habits (having regularly scheduled [two times or more 
per week] exercise more than 30 min maintained for over a 
year)24 (yes/no), presence of a currently treated disease (yes/no), 
frequency of alcohol use (daily/occasionally/never), frequency 
of smoking (daily/occasionally/never), and total walking-time 
per day (> 60 min min/30–60 min/< 30 min).25 For individuals 
with visual impairment, the questionnaire asked for the follow-
ing additional information: visual status (visual impairment/
blindness), light perception (with/without), cause of visual 
impairment (congenital/acquired), age of the onset of visual 
impairment, and morbidity length of visual impairment. Based 
on the obtained information related to light perception, visu-
ally impaired individuals were classified into the following 
two groups: visually impaired individuals without LP (n = 311) 
and visually impaired individuals with LP (n = 287).

Sleep disturbances experienced during the prior month 
were evaluated based on “yes” or “no” responses to the follow-
ing six questions:

1.	 Irregular sleep-wake pattern: Do you have an irregular 
sleep–wake pattern including progressive drifting of 
sleep onset and offset?

2.	 Difficulty initiating sleep: Do you have difficulty 
falling asleep at night?

3.	 Difficulty maintaining sleep: Do you wake up during 
the night after you fall asleep and have difficulty 
getting back to sleep?

4.	 Non-restorative sleep: Do you feel refreshed and get 
sound sleep after waking up in the morning?

5.	 Difficulty waking up at a desired time: Do you have 
difficulty waking up at a desired time in the morning?

6.	 Excessive daytime sleepiness: Do you feel excessively 
sleepy during the daytime?D
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Questions 1 and 5 were set to detect circadian-rhythm-related 
sleep disorder according to previous reports.26,27

The standardized 8-item Short Form Health Survey (SF-8) 
of the Medical Outcomes Study28 was used to assess health-
related quality of life. The SF-8 measures 8 health domains: 
vitality, social functioning, mental health condition, emotional 
state, general health, physical functioning, physical state, and 
bodily pain. For each domain a score of 0 to 100 was assigned, 
with higher scores indicating better health in that domain. 
Scores for the 8 items were standardized based on the 2007 
Japanese population norm having a distribution with a mean 
of 50 and a standard deviation of 10.28 The physical component 
score (PCS) and the mental component score (MCS) of the 
SF-8 respectively represent physical QOL and mental QOL. In 
this study, lower PCS and MCS were defined as scores below 
the mean scores of the Japanese general population: 49.84 for 
PCS and 50.09 for MCS28 according to the user’s manual.29

Statistical Analysis
To analyze differences in demographic characteristics, Stu-
dent t-test and a one-way analysis of variance (ANOVA) fol-
lowed by Bonferroni post hoc test were applied for continuous 
variables. The χ2 test with residual analysis for categorical 
variables was applied for the rate of sleep disturbances and 
health-related QOL between the groups of visually impaired 
individuals and controls, and among the groups of visually im-
paired individuals with LP, without LP, and controls. Factors 

associated with lower PCS and MCS were examined using a 
series of logistic regression analyses. Age at the onset of visual 
impairment and morbidity length of visual impairment were 
continuous variables. Age was categorized as younger (20–39 
years), middle age (40–59 years), and elderly (≥ 60 years). The 
body mass index was categorized dichotomously at BMI ≥ 25 
kg/m2.30 All variables were examined initially in univariate 
models. To control for confounding factors and to ascertain 
the main correlates, we subsequently conducted multivariate 
logistic regression analyses for all variables showing a sig-
nificant correlation in the univariate models. Statistical tests 
of estimated odds ratios were based on Wald statistics. These 
statistical analyses were conducted using software (Statistical 
Package for the Social Sciences, SPSS, ver. 22.0J; IBM SPSS, 
Inc., Tokyo, Japan).

RESULTS

Differences in Demographic Characteristics and 
Visual Impairment Information among Visually 
Impaired Individuals with/without LP and Control 
Subjects
Table 1 presents demographic characteristics and information 
related to the visual impairment of the participants. The visu-
ally impaired individuals were significantly older than controls 
(p < 0.001) with a small effect size (η2 = 0.02). Their body mass 

Figure 1—Flow of participants.
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index was higher than that of the control subjects (p = 0.005). 
Visually impaired individuals without LP reported signifi-
cantly earlier onset of visual impairment and longer morbidity 
duration of impairment than those with LP (p < 0.001).

Conditions of Sleep-Related Problems and Health-
Related Quality of Life
The rates of sleep-related problems of visually impaired indi-
viduals and controls (Figure 2) were compared. Results show 
that visually impaired individuals had significantly higher rates 
of the following disturbances: irregular sleep-wake pattern 
(31.8%, χ2 = 43.95, p < 0.001, φ = 0.188), difficulty maintaining 
sleep (53.1%, χ2 = 90.14, p < 0.001, φ = 0.269), excessive daytime 
sleepiness (30.4%, χ2 = 52.56, p < 0.001, φ = 0.205), difficulty 
initiating sleep (22.7%, χ2 = 13.90, p < 0.001, φ = 0.105), and 
non-restorative sleep (28.0%, χ2 = 13.90, p < 0.001, φ = 0.105). 
Comparison of the rates between visually impaired individuals 
without LP, with LP, and the controls revealed that both visually 
impaired individuals with and without LP showed a higher rate 
of irregular sleep-wake pattern (χ2 = 47.26, p < 0.001, Cramer’s 
V = 0.197), difficulty maintaining sleep (χ2 = 103.12, p < 0.001, 
Cramer’s V = 0.217), and excessive daytime sleepiness (χ2 = 57.37, 
p < 0.001, Cramer’s V = 0.217). In addition, the rate of non-re-
storative sleep and difficulty initiating sleep were higher in visu-
ally impaired individuals with LP and were lower in the controls 
(χ2 = 8.72, p = 0.013, Cramer’s V = 0.085; χ2 = 14.99, p = 0.001, 
Cramer’s V = 0.111, respectively). No significant difference was 
found among the three groups in terms of difficulty waking up 
at a desired time (χ2 = 5.83, p = 0.054, φ = 0.069).

Figure 2 also presents the rates for lower PCS and MCS. 
The rate for lower PCS was significantly higher for visually 
impaired participants than for controls (χ2 = 38.61, p < 0.001, 
φ = 0.176). The rate was also higher for visually impaired 
participants with and without LP than for control subjects 
(χ2 = 43.13, p < 0.001, Cramer’s V = 0.188). Regarding rates 
for lower MCS, no significant difference was found among the 
three groups (χ2 = 0.54, p = 0.463, φ = −0.021).

Factors Associated with Lower Mental Quality of Life
Among the visually impaired individuals without LP, univari-
ate logistic regression analyses revealed that five items were 
significantly associated with lower MCS: irregular sleep-wake 
pattern, difficulty initiating sleep, difficulty maintaining sleep, 
non-restorative sleep, and excessive daytime sleepiness. Mul-
tiple logistic regression analysis incorporating these items re-
vealed that irregular sleep-wake pattern and non-restorative 
sleep were significantly associated with lower MCS. In those 
with LP, univariate logistic regression analyses revealed that 
five items were significantly associated with lower MCS: BMI 
(≥ 25 kg/m2), irregular sleep-wake pattern, difficulty main-
taining sleep, non-restorative sleep, and excessive daytime 
sleepiness. Multiple logistic regression analysis using these 
items revealed that non-restorative sleep, daytime sleepiness, 
and BMI (≥ 25 kg/m2) were significantly associated with lower 
MCS. Regarding the controls, univariate logistic regression 
analyses revealed that eight items were significantly associ-
ated with lower MCS: older age (≥ 60 years), lack of exercise 
habits, irregular sleep-wake pattern, difficulty initiating sleep, 

Table 1—Demographic characteristics of the participants.

Variables

Visual Status

p Effect size

Visually impaired 
individuals without light 

perception  (n = 311)

Visually impaired 
individuals with light 
perception  (n = 287)

Controls  
(n = 615)

Age (years), mean ± SD 60.7 ± 13.0** 59.1 ± 13.0** 56.0 ± 13.7 < 0.001 η2 = 0.02
Younger (20–39) 24 (7.7) 22 (7.7) 85 (13.8)** < 0.001 V = 0.13
Middle (40–59) 82 (26.4) 100 (34.8) 251 (40.8)**
Elderly (≥ 60) 205 (65.9)* 165 (57.5) 279 (45.4)

Gender
Female 108 (34.7) 122 (42.5) 403 (65.2)** < 0.001 V = 0.27
Male 203 (65.3)** 165 (57.5)** 215 (34.8)

Employment status
Employed 215 (69.1) 186 (64.8) 425 (69.6) 0.339
Unemployed 96 (30.9) 101 (35.2) 186 (30.4)

Body mass index (kg/m2) 23.3 ± 3.6** 22.9 ± 3.8** 22.1 ± 3.1 < 0.001 η2 = 0.02
Visual status

Visual impairment 2 (0.6) 162 (56.4)** – < 0.001 V = 0.86
Blindness 309 (99.4)** 125 (43.6) –

Cause of visual impairment
Congenital 122 (39.7) 131 (46.6) – 0.102
Acquired 185 (99.4) 150 (43.6) –

Age at the onset of visual impairment 14.3 ± 17.2 19.0 ± 21.8 – 0.005 r = 0.12
Morbidity length of visual impairment 46.2 ± 19.0 40.0 ± 21.5 – < 0.001 r = 0.16

Data are expressed as mean ± standard deviation or number of subjects (%). V = Cramer’s V; η2 = Partial Eta squared. **p < 0.01; *p < 0.05.
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difficulty maintaining sleep, difficulty waking up at a desired 
time, non-restorative sleep and excessive daytime sleepiness. 
Multivariate logistic regression analysis using these items re-
vealed that irregular sleep-wake patterns, difficulty maintain-
ing sleep, non-restorative sleep, and older age (≥ 60 years) 
were significantly associated with lower MCS (Table 2).

Factors Associated with Lower Physical Quality of Life
In visually impaired individuals without LP, univariate logistic 
regression analyses revealed that 8 items were significantly as-
sociated with lower PCS: cause of visual impairment, presence 
of disease currently treated, irregular sleep-wake pattern, dif-
ficulty initiating sleep, difficulty maintaining sleep, difficulty 
waking up at a desired time, non-restorative sleep and excessive 
daytime sleepiness. Multivariate logistic regression analysis re-
vealed that irregular sleep-wake pattern, difficulty waking up 
at a desired time, cause of visual impairment, and disease cur-
rently treated were associated significantly with lower PCS. In 
those with LP, univariate logistic regression analyses revealed 
that seven items were associated significantly with lower PCS: 
cause of visual impairment, BMI (≥ 25 kg/m2), presence of dis-
ease currently treated, irregular sleep-wake pattern, difficulty 
maintaining sleep, difficulty waking up at a desired time, and 
daytime sleepiness. Multivariate logistic regression analysis re-
vealed that daytime sleepiness, cause of visual impairment, and 
BMI (≥ 25 kg/m2) appeared as significantly associated factors. 

Regarding the controls, univariate logistic regression analyses 
revealed that 8 items were associated significantly with lower 
PCS: presence of disease currently treated, lack of exercise 
habits, irregular sleep-wake pattern, difficulty initiating sleep, 
difficulty maintaining sleep, difficulty waking up at a desired 
time, non-restorative sleep, and excessive daytime sleepiness. 
Multivariate logistic regression analysis revealed that difficulty 
initiating sleep, non-restorative sleep, excessive daytime sleepi-
ness, presence of disease currently treated, and lack of exercise 
habits were significantly associated with lower PCS (Table 3).

DISCUSSION

This nationwide survey was the first ever reported to estimate 
the prevalence of sleep-related problems and to clarify the as-
sociation between sleep-related problems and health-related 
QOL in a large sample of Japanese visually impaired individu-
als. Results show that the rate of sleep-related problems, in-
cluding irregular sleep-wake pattern, difficulty initiating sleep, 
difficulty maintaining sleep, nonrestorative sleep, and exces-
sive daytime sleepiness, were significantly higher in visually 
impaired individuals than in controls. Regarding QOL, 48.9% 
to 57.4% of visually impaired participants scored as a having 
lower physical QOL, which is much higher than the rate for the 
general population (31.3%).31

Figure 2—Prevalence of sleep disturbances, and rate of participants with lower physical and mental QOL among the three 
groups.

PCS, physical component score; MCS, mental component score. Lower PCS and MCS were defined respectively as ≤ 49.8 and ≤ 50.5 based on average 
values of the Japanese normative data. **p < 0.001 and *p < 0.05 in comparison between the visually impaired individuals and the control subjects. ‡p < 0.05 
in comparison among the visually impaired individuals without light perception, those with light perception, and the control subjects (residual error ≥ 1.96).
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In this study, the rate of individuals reporting irregular sleep–
wake pattern, difficulty maintaining sleep and daytime sleepi-
ness were significantly higher in visually impaired participants 
than in control subjects. Consistent with previous reports,11,12 
the rates were higher especially in visually impaired individu-
als without LP. Reportedly, visually impaired individuals with-
out LP are more likely to have an abnormal melatonin rhythm 
because of the inhibited transmission of a light signal, which 
might contribute to the occurrence of irregular sleep-wake 

patterns.15,16,21,26,27,32 In addition, misaligned rhythms of core 
body temperature or cortisol secretion can be explanations for 
their sleep-related difficulties.16,33 Furthermore, the dysregu-
lated circadian rhythm negatively affects their ability to sleep 
and to maintain daytime vigilance.14,16,21,32

In the present study, sleep-related problems such as non-
restorative sleep and excessive daytime sleepiness were found 
to be associated with lower mental and physical QOL in vi-
sually impaired individuals with LP and the controls. Several 

Table 2—Factors associated with lower mental quality of life.
Visually impaired individuals 

without light perception (n = 311)
Visually impaired individuals 
with light perception (n = 287) Controls  (n = 615)

Factors AOR (95%CI) p AOR (95%CI) p AOR (95%CI) p
Demographic variables

Age (years)
Younger (20–39) 1
Middle (40–59)
Older (≥ 60) 0.48 (0.34–0.69)  < 0.001

Body mass index (kg/m2)
 < 25 1
 ≥ 25 0.45 (0.25–0.83) 0.011

Visual status
Visual impairment –
Blindness –

Cause of visual impairment
Congenital
Acquired

Disease currently treated
No
Yes

Exercise habits
Yes
No

Sleep problems
Irregular sleep-wake pattern

No 1.00 1
Yes 1.80 (1.07–3.02) 0.027 2.30 (1.38–3.85) 0.001

Difficulty initiating sleep
No
Yes

Difficulty maintaining sleep
No 1
Yes 2.02 (1.35–3.03) 0.001

Difficulty waking up at a desired time
No
Yes

Non-restorative sleep
No 1.00 1 1
Yes 3.87 (2.17–6.91)  < 0.001 1.87 (1.05–3.32) 0.033 2.42 (1.56–3.75)  < 0.001

Excessive daytime sleepiness
No 1
Yes 2.24 (1.23–4.06) 0.008

The data were controlled for gender, age at the onset of visual impairment, morbidity length of visual impairment, employment status, residential status, 
alcohol use, smoking habits and total walking time per day. AOR = adjusted odds ratio, CI = confidence interval.
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reports have described that sleep disturbances or excessive 
daytime sleepiness are associated with an increased risk not 
only for psychiatric disorders including depression but also for 
decreased psychomotor performance such as cognitive func-
tion and short-term memory.34–36 Therefore, the present results 
of the association between these sleep disturbances and lower 
mental/physical QOL are reasonable.

Irregular sleep-wake pattern and difficulty waking up at 
desired time, each of which is suggestive of the presence of 

circadian rhythm-related problems, were extracted as factors 
associated with lower mental/physical QOL, especially in 
visually impaired individuals without LP. Among them, non-
restorative sleep was associated only with lower physical QOL. 
A possible explanation for the association between circadian-
rhythm-related problems and lower mental/physical QOL ob-
served only in the visually impaired individuals without LP 
is that external desynchronization might occur in this popula-
tion. Reportedly, visually impaired individuals with circadian 

Table 3—Factors associated with lower physical quality of life.
Visually impaired individuals 

without light perception (n = 311)
Visually impaired individuals 
with light perception (n = 287) Controls  (n = 615)

Factors AOR (95%CI) p AOR (95%CI) p AOR (95%CI) p
Demographic variables

Age (years)
Younger (20–39)
Middle (40–59)
Older (≥ 60)

Body mass index (kg/m2)
 < 25 1.00 
 ≥ 25 1.94 (1.06–3.55) 0.033

Visual status
Visual impairment –
Blindness –

Cause of visual impairment
Congenital 1.00 1.00 –
Acquired 1.76 (1.07–2.89) 0.026 1.86 (1.12–3.09) 0.016 –

Disease currently treated
No 1.00 1.00 
Yes 2.65 (1.49–4.69) 0.001 2.62 (1.52–4.51) 0.001

Exercise habits
Yes 1.00 
No 1.51 (1.04–2.19) 0.032

Sleep problems
Irregular sleep-wake pattern

No 1.00 
Yes 1.98 (1.19–3.32) 0.009

Difficulty initiating sleep
No 1.00 
Yes 2.02 (1.24–3.30) 0.005

Difficulty maintaining sleep
No
Yes

Difficulty waking up at a desired time
No 1.00 
Yes 4.00 (1.06–15.04) 0.04

Non-restorative sleep
No 1.00 
Yes 1.96 (1.27–3.03) 0.003

Excessive daytime sleepiness
No 1.00 1.00 
Yes 1.94 (1.07–3.51) 0.029 2.00 (1.19–3.34) 0.009

The data were controlled for gender, age at the onset of visual impairment, morbidity length of visual impairment, employment status, residential status, 
alcohol use, smoking habits and total walking time per day. AOR = adjusted odds ratio, CI = confidence interval.
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rhythm sleep–wake disorders exhibit a delayed circadian phase 
(e.g., melatonin phase range = 07.20–14.25 h)15 or free-running 
circadian rhythms (e.g., tau range = 24.13–24.79 h).15,16,21,27 Un-
der these circumstances, their effort to stay awake during the 
daytime develops desynchronization-related mental and physi-
cal symptoms such as depression, fatigue or headache, possi-
bly leading to lower mental/physical QOL.37,38 This fact might 
explain that circadian rhythm-related sleep problems were 
associated with lower mental and physical QOL especially in 
visually impaired individuals without LP. Consequently, in 
visually impaired individuals with LP, the factors associated 
with lower QOL were similar to the controls except for the 
cause of visual impairment. For people without LP, circadian 
rhythm-related problems were associated with lower QOL.

Several limitations of this study are noteworthy. First, the 
rate of individuals having irregular sleep-wake pattern was 
higher than the rate in a previous study (31.8% vs. 13% to 
26%).12,13 A similar tendency was observed for other sleep-re-
lated problems. A possible reason for this discrepancy is that 
sleep-related problems were evaluated in the present study 
using a non-validated and self-administered questionnaire, 
whereas earlier studies used validated questionnaires or a tele-
phone interview.12,13 Lack of detailed information related to 
participants’ sleep habits, which is obtainable using sleep logs, 
did not allow for a more comprehensive exploration of the rela-
tion between sleep-related problem severity and health-related 
QOL. Furthermore, whether nocturnal sleep disturbances are 
attributable to circadian rhythm sleep-wake disorders or to pri-
mary insomnia could not be determined. Similarly, non-restor-
ative sleep assessed by the question 4 might reflect morning 
sleep inertia. To clarify these issues, clarifying sleep-related 
problems using a structured interview together with sleep log 
records of two weeks or more would be necessary. Furthermore, 
shift-workers could not be excluded because the current ques-
tionnaire did not assess respondents’ work schedules. Second, 
the accuracy of information about participants’ light percep-
tion is questionable because self-reporting was used to assess 
the degree and nature of impairment. For example, detailed 
information about the nature of visual impairments determin-
ing ocular or cortical blindness was unobtainable. Although 
some results of studies have shown that self-reported data 
related to visual disability show at least moderate agreement 
with data from an objective assessment,39,40 objective data (i.e., 
ophthalmologic measurements such as electroretinographic 
testing) are preferred. Third, the response ratio to the current 
survey was no higher than 52.3%. Unfortunately, although the 
information of non-responders was not obtained in this survey, 
potential volunteer bias must be considered.

In conclusion, visually impaired individuals had more prev-
alent sleep-related problems than the control subjects had. Par-
ticularly, the visually impaired individuals without LP reported 
higher prevalence of irregular sleep–wake patterns, difficulty 
maintaining sleep, and daytime sleepiness than those with LP. 
Sleep-related problems were associated with lower physical 
and mental QOL in both the visually impaired and the control 
subjects. However, an irregular sleep-wake pattern and diffi-
culty waking up at a desired time were associated with lower 
physical QOL only in visually impaired individuals without 

LP. These sleep disturbances might be caused by a circadian 
rhythm sleep-wake disorder. Future studies should include a 
prospective follow-up study to clarify causal relations between 
physical QOL and circadian rhythm sleep-wake disorders.
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