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ABSTRACT 

The purpose of this study was to assess factors associated with subjective sleep evaluation, chiefly excessive daytime 
sleepiness (EDS) in obstructive sleep apnea syndrome (OSAS) adult outpatients under continuous positive airway pres-
sure (CPAP) treatment. One thousand and forty-eight OSAS outpatients (mean age: 51.4% male: 90.5%) who were 
treated by CPAP were consecutively collected. Age, sex, CPAP compliance (CPAP usage as their device of nights with 
application-time of at least 4 hours per night objectively; %usage ≥ 4 h/d), and Japanese version of the Pittsburgh Sleep 
Quality Index (PSQI-J) of the patients showing EDS (Japanese version of the Epworth Sleepiness Scale; JESS ≥ 11) 
were compared cross-sectionally with those of the patients who did not show EDS (JESS < 11). Nineteen point two % 
of all patients showed EDS subjectively. Two hundred one patients were classified to an EDS(+) group and an 847 pa-
tients were classified to EDS(–) group. Age and global PSQI-J scores were significantly different between the two 
groups. Logistic regression showed that EDS was significantly associated with global PSQI-J scores, but not with age. 
Among PSQI-J components, overall sleep quality, duration of sleep, sleep disturbance, and day dysfunction due to 
sleepiness were significantly higher in the EDS(+) group. Especially, 19.4% of patient in the EDS(+) group reported 
actual sleep time during the past month to be less than 5 hours/day. Although functional relationship should be further 
evaluated, insufficient sleep is the main factor associated with EDS in the OSAS patients under CPAP treatment. 
 
Keywords: Obstructive Sleep Apnea Syndrome; Continuous Positive Airway Pressure; Excessive Daytime Sleepiness; 

Japanese Version of the Pittsburgh Sleep Quality Index (PSQI-J); Behavioral Induced Insufficient Sleep 
Syndrome 

1. Introduction 

Continuous positive airway pressure (CPAP) is the first- 
line treatment of moderate to severe obstructive sleep 
apnea syndrome (OSAS). The 5-year cumulative survival 
rates by cardiovascular disease were significantly lower 
in patients who did not use CPAP than in those who used 
the device for >6 hours/day and 1 to 6 hours/day [1]. It is 
undoubtedly evident that CPAP treatment for severe OSAS 
reduces the risk of fatal cardiovascular events [1,2]. CPAP 
is an effective treatment for OSAS for sleep and physical 
symptoms’ associated with OSAS. 

Effective compliance (time spent at the effective pres- 
sure) with CPAP in OSAS patients has been reported to  

be poor. Adequate compliance with CPAP was defined 
roughly as using the device for at least 4 hours 5 nights a 
week [3,4], the recommended standards for CPAP com- 
pliance to reduce the incidence of cardiovascular diseases 
[1,4]. On the other hand, any standard management, es- 
pecially for the long-term management to improve ex- 
cessive daytime sleepiness (EDS) determined by daytime 
performance and cognition does not exist. Recent meta- 
analyses demonstrated that CPAP elicited only small 
improvements in subjective sleepiness in mild to moder- 
ate OSAS, and the effects on objective sleepiness are of 
limited clinical significance [5]. Another meta-analysis 
showed that CPAP therapy does not improve general QOL 
scores associated with EDS, but does improve physical 
domains and vitality [6]. *Corresponding author. 
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Clinically, there are many patients who despite a sig- 
nificant reduction in sleep disordered breathing with good 
CPAP compliance show little improvement in their EDS. 
EDS is an important warning to the individual to stop 
operating because it is dangerous and life-threatening to 
continue without sleep, especially at risky workpalces [7]. 
It is important to evaluate factors other than the manage- 
ments of sleep related breathing disorders and to manage 
the EDS caused by factors. We therefore evaluated fac- 
tors associated with subjective sleep evaluation, chiefly 
EDS in OSAS adult outpatients under CPAP treatment. 

2. Methods 

2.1. Study Participants and Design 

One thousand and forty-eight adult OSAS outpatients 
under CPAP treatment by objective monitoring regularly 
were consecutively collected among those regularly fol- 
lowed at Ohta Memorial Sleep Center, Kawasaki (Table 
1). Every patient in whom OSAS was diagnosed went 
through full standard polysomnography (PSG) [8] in Jikei 
University School of Medicine, Tokyo or Ohta Memorial 
Sleep Center, Kawasaki followed by the International 
Classification of Sleep Disorders 2nd edition (ICSD-2) cri- 
teria [9]. Once the diagnosis of moderate to severe OSAS 
(apnea-hypopnea index ≥ 20) had been established, CPAP 
was titrated manually with full standard PSG [8]. It is 
generally accepted that CPAP compliance is satisfactory 
when the patient uses the device more than 4.5 h per 
night [10]. The authors defined good compliance on 
CPAP usage as their device for at least 70% of nights 
with application-time of at least 4 hours per night (%us- 
age ≥ 4 h/d) by objective measurements [11,12] and 
adopted as the parameter of CPAP compliance. 

In order to investigate the cross sectional relationship 
between CPAP compliance and subjective sleep evalua- 
tion, the authors assessed for EDS using the Japanese 
version of the Epworth Sleepiness Scale (JESS) [13], and 
for sleep quality and quantity using the Japanese version 
of the Pittsburgh Sleep Quality Index (PSQI-J) [14]. The 
 
Table 1. Demographic variables of 1048 patients under CPAP 
treatment. 

Age (y, [range]) 51.4 ± 12.0 [23 - 86] 

Sex (M:F, [%male]) 948:100 [90.5] 

%usage ≥ 4 h/d (%, [range]) 69.1 ± 28.3 [0.0 - 100.0] 

Global PSQI-J scores [range] 5.3 ± 2.9 [0 - 19] 

JESS points [range] 6.5 ± 4.8 [0 - 24] 

mean ± SD or N; %usage ≥ 4 h/d: CPAP usage as their device of nights with 
application-time of at least 4 hours per night by objective measure- ments; 
PSQI-J: the Japanese version of the Pittsburgh Sleep Quality Index; JESS: 
the Japanese version of the Epworth Sleepiness Scale. 

authors categorized JESS total scores rating over 11 as 
the existence of EDS [13]. PSQI-J were compared with 
each component, 1) overall sleep quality (SLPQUAL); 2) 
sleep latency (LATEN); 3) duration of sleep (DURAT); 4) 
sleep efficacy (HSE); 5) sleep disturbance (DISTB); 6) 
needed medications to sleep (MEDS), and 7) day dys- 
function due to sleepiness (DAYDYS). Each component 
was rated from 3 to 0, with global PSQI-J scores rating 
from 21 to 0 [14]. 

All patients had check-ups every month after the ini- 
tiation of CPAP treatment at Ohta Memorial Sleep Cen- 
ter, Kawasaki. In those appointments, from February 1st 
to April 30th in 2008, patients fulfilled JESS and PSQI-J 
with the assessment and monitoring objectively for CPAP 
use. The average use of CPAP in minutes was calculated, as 
was use efficacy, which refers to the proportion of time 
the mask was on relative to the total time the CPAP device 
power was on. Age, sex, %usage ≥ 4 h/d, and PSQI-J of 
the patients showing EDS (JESS ≥ 11) were compared 
with those of the patients who did not show EDS (JESS < 
11), in all 1048 patients. 

2.2. Statistical Analysis 

Data were analyzed using Stat View-J5.0 for Windows 
[SAS Institute Inc.]. Each parameter was compared be- 
tween the two groups using the unpaired T test or χ2 test. 
Logistic regression analysis was conducted to examine sub- 
jective excessive daytime sleepiness [EDS(+) or EDS(–)], 
with age, sex, %usage ≥ 4 h/d and global PSQI-J scores as 
independent variables. Statistical significance was deter- 
mined at P < 0.05.  

2.3. Approval of the Study 

The study protocol was approved by the Institutional Re- 
view Boards of Ohta General Hospital. Written informed 
consents to participate in the study were obtained from 
all the participants after they were given an explanation 
of the study and its potential risks. All of the procedures 
were carried out in accordance with Good Clinical Prac- 
tice, the Helsinki Declaration, and related laws. 

3. Results 

Nineteen point two % of all patients showed EDS sub- 
jectively. Two hundred one patients were classified to an 
EDS(+) group and an 847 patients were classified to 
EDS(–) group. Age and global PSQI-J scores were sig- 
nificantly different between the two groups (Table 2). 

Logistic regression showed that global PSQI-J scores 
but not age, sex and %usage ≥ 4 h/d significantly influ- 
enced the manifestation of EDS in an independent man- 
ner (Table 3). 

In PSQI-J components, overall sleep quality (C1), du- 
ration of sleep (C3), sleep disturbance (C5), and day dys-  
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Table 3. Multiple logistic regression analysis: influence on 
subjective daytime sleepiness (JESS). 

function due to sleepiness (C7) were significantly differ- 
ent between the two groups and were worse in EDS(+) 
group (Table 4). The patients of EDS(+) group showed 
lower subjective sleep quality (P < 0.001), shorter sleep 
duration (P < 0.001), more sleep disturbed (P < 0.001) 
and more daytime dysfunction (P < 0.001) significantly 
compared with those of EDS(–) group. 

Variable OR (95%CI) P value 

Age 0.99 (0.97 - 1.00) 0.052 

Sex 1.85 (0.94 - 3.64) 0.074 

%usage ≧ 4 h/d 1.00 (1.00 - 1.01) 0.327 

global PSQI-J scores 1.29 (1.22 - 1.36) <0.001 

Distributions of actual sleep time during the past 
month (PSQI-J, C3) between the EDS(+) and EDS(–) 
group were compared and the results are displayed with a 
pie graph (Figure 1). There is a clear tendency that per- 
centage of shorter hour sleep is high and that of longer 
hour sleep is low in the EDS(+) group compared to the 
EDS(–) group. Especially, 19.4% of patients (n = 38) in 
the EDS(+) group reported actual sleep time during the 
past month to be less than 5 hours/day and this percentage 
was significantly higher than that of EDS(–) group (8.5%). 

OR: odds ratio; CI: confidence interval, significant difference: P < 0.05; 
JESS: the Japanese version of the Epworth Sleepiness Scale; %usage ≥ 4 h/d: 
CPAP usage as their device of nights with application-time of at least 4 
hours per night by objective measurements; PSQI-J: the Japanese version of 
the Pittsburgh Sleep Quality Index. 
 
Table 4. The Comparison of PSQI-J components scores be- 
tween the EDS(+) and EDS(–) group. 

 
EDS(+) 

JESS ≥ 11 
(n = 201) 

EDS(–) 
JESS < 11 
(n = 847) 

P value 

C1 (SLPQUAL) 1.5 ± 0.05 1.1 ± 0.02 <0.001 

C2 (LATEN) 0.7 ± 0.06 0.6 ± 0.03 0.226 

C3 (DURAT) 1.6 ± 0.06 1.3 ± 0.03 <0.001 

C4 (HSE) 0.4 ± 0.06 0.3 ± 0.02 0.248 

C5 (DISTB) 0.9 ± 0.04 0.7 ± 0.02 <0.001 

C6 (MEDS) 0.5 ± 0.1 0.3 ± 0.03 0.054 

C7 (DATDYS) 1.6 ± 0.07 0.5 ± 0.02 <0.001 

 
Table 2. The Comparison of Patients Characteristics, PSQI-J 
between the EDS(+) and EDS(–) grou. 

 
EDS(+) 

JESS ≥ 11 
(n = 201) 

EDS(–) 
JESS < 11 
(n = 847) 

 

JESS points 14.3 ± 0.2 4.7 ± 0.1 P value

Age (y) 49.3 ± 0.8 52.0 ± 0.4 0.004 

Sex (%male) 94.0 89.6 0.075 

%usage ≥ 4 h/d (%) 66.0 ± 1.0 69.9 ± 2.2 0.077 

Global PSQI-J scores 7.1 ± 0.2 4.9 ± 0.1 <0.001
Mean ± SE P value: the unpaired T test significant difference: P < 0.05; 
PSQI-J: the Japanese version of the Pittsburgh Sleep Quality Index; EDS: 
excessive daytime sleepiness; JESS: Japanese version of the Epworth Sleep- 
iness Scale; SLPQUAL: overall sleep quality; LATEN: sleep latency; DU- 
RAT: duration of sleep; HSE: sleep efficiency; DISTB: sleep disturbance, 
MEDS: needed medications to sleep; DAYDYS: day dysfunction due to 
sleepiness. 

Mean ± SE P value: the unpaired T test or χ2 test, significant difference: P < 
0.05; EDS: excessive daytime sleepiness; %usage ≥ 4 h/d: CPAP usage as 
their device of nights with application-time of at least 4 hours per night by 
objective measurements; PSQI-J: the Japanese version of the Pittsburgh 
Sleep Quality Index; JESS: the Japanese version of the Epworth Sleepiness 
Scale. 
 

EDS(+)  (n = 201)

19.4%
****

30.8%
42.8%

7.0%

EDS(-)  (n = 847)

8.5%

27.7%

50.6%

13.2%

<5hr

5≦,≦6hr

6hr<,≦7hr

7hr<

χ2  test ****: P < 0.01  

During the past month, how many hours of actual sleep did you get at night? (This may be different than the 
number of hours you spent in bed.); PSQI-J: the Japanese version of the Pittsburgh Sleep Quality Index; 
EDS: excessive daytime sleepiness 

Figure 1. The comparison of distributions of actual sleep time during the past month (PSQI-J, C3) between the EDS(+) and 
DS(–) group. E 
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4. Discussion 

We found the high prevalence of EDS in the Japanese 
adult OSAS patients under CPAP treatment, and nearly 
20% of all patients showed EDS subjectively. This ap- 
pearance is high compared with previous study in the 
USA [15]. By subjective sleep evaluations, we found that 
the global PSQI-J scores were significantly higher in the 
adult OSAS patients under CPAP treatment with EDS 
than in those without EDS. In CPAP treated patients who 
continue to experience EDS, improving CPAP compli- 
ance is the first-line strategy [16]. We however, did not find 
any difference in CPAP compliance judged from %usage 
≥ 4 h/d in the two groups. It is also well recognized that 
some patients continue to experience EDS even after ap- 
propriate CPAP treatment [17]. Therefore, it is impor- 
tant to evaluate other factors influence occurrence of EDS 
in CPAP treated OSA patients.  

In PSQI-J component scores in the present study, 
overall sleep quality (C1), duration of sleep (C3), sleep 
disturbance (C5), and day dysfunction due to sleepiness 
(C7) were significantly higher in the EDS(+) group than 
in the EDS(–) group. It was obvious that day dysfunction 
due to sleepiness (C7) were more severe in the patients 
with EDS compared to those without EDS. It was sug- 
gested that EDS was associated with low subjective sleep 
quality, short sleep duration and more sleep disturbed in 
the patients of EDS(+) group. EDS in OSAS is not al- 
ways caused by sleep apnea alone, although causative 
relations should further be evaluated. It should be pointed 
out that sleepiness is a common symptom in the general 
population, and often results from sleep deprivation. This 
type of sleepiness will not improve with CPAP if they do 
not have sleep disorders breathing. EDS in OSAS under 
good CPAP compliance may be caused clinically, by 1) 
development of new conditions associated with OSAS/ 
CPAP, such as increase in weight, rhinitis or other medical 
illness; or 2) an undiagnosed associated condition such as 
poor sleep hygiene, treatment with sedating drugs, de- 
pression, or other sleep disorders; or 3) loss of placebo 
(honeymoon) effect revealing the conditions not previ- 
ously diagnosed [10]. It was suggested that the subjective 
sleep evaluation, chiefly EDS, in the OSAS patients under 
CPAP treatment may have involved many factors sur- 
rounding the sleep habits, chiefly behaviorally induced 
insufficient sleep. 

4.1. Behavioral Induced Insufficient Sleep in 
OSAS Patients 

A common cause of EDS in OSAS patients is insufficient 
sleep [10], and sleep sufficiency needs to be evaluated in 
the patients under good CPAP compliance. Use of sleep 
diaries or actigraph recordings can help in assessing the 
sleep habits of the patients [10]. When the patient has an 

unusually high sleep efficacy and/or reports about 2 hours 
more sleep on each weekend day than each weekday, 
chronic sleep restriction is suspected [7]. Sleeping with the 
CPAP more hours will presumably result in improvements 
of sleepiness. According to the 2010 Nippon Hoso Kyokai 
(NHK) Japanese Time Use Survey [18], average sleep 
time per day in adult employed Japanese were 6 hours 55 
minutes on weekdays, 7 hours 29 minutes on Saturday, 
and 7 hours 51 minutes on Sunday. Consequently, each 
day of the week marked the shortest sleeping hours since 
1970. In a cross-sectional self-administered questionnaire 
survey [19], the 1-month point prevalence of poor sleep 
quality in Japanese white-collar daytime employees was 
significantly higher than in the general population of 
Japanese adults. Most of the OSAS patients treated by 
CPAP are daytime employee. The present study esti- 
mated 19.4% of the OSAS patients with EDS showed 
actual sleep time to be less than 5 hours/day. This dura- 
tion might be equivalent to that of subjects with behave- 
ioral induced insufficient sleep syndrome in ICSD-2 [9]. 
For behavioral induced insufficient sleep patients, regu- 
larizing bedtime and increasing time in bed produces a 
resolution of their symptoms, but no other manipulations 
help significantly [7,20]. 

4.2. Managements of EDS in the OSAS Patients 
under CPAP Treatment 

Although our result pointed out that insufficient sleep is 
one of the most important factors affect EDS in OSAS 
patients, the management of EDS in the OSAS patients 
under CPAP treatment is a multifaceted problem includ- 
ing treatment, social and healthcare related factors, and 
these need to be discuss comprehensively. Knowledge 
about facilitators and barriers for adherence to CPAP treat- 
ment can be used in interventional strategies [21]. This 
can be increased by intensive patient education. The use 
of a wake-promoting medication, modafinil, is also ap- 
proved for OSAS patients who are adherent to CPAP 
therapy but exhibit a residual EDS [22]. However, the 
common side effects of modafinil include headache (28%), 
anxiety (16%), and nervousness (14%). In addition, the 
possibility that addiction to modafinil may be probable 
[23]. Before the prescription of stimulants, it is necessary 
to establish an educational program for OSAS patients 
under CPAP treatment to enlighten what patients can do 
for themselves about sleep hygiene. 

The limitations of the present study indicated no in- 
formation about the pretreatment severity of OSAS, changes 
in body weight and ENT factors, the duration of CPAP 
use etc. and the use of only two subjective measurements, 
JESS and PSQI-J. In spite of these limitations, the pre- 
sent study supports the clinical impression that one of the 
most important and the first thing to manage EDS in pa- 
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tients under CPAP treatment is to ensure that their dura- 
tion of sleep is sufficient.  
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