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Obstructive sleep apnea (OSA) is character‑
ized by repeated episodes of apnea and hypo‑
pnea during sleep. There is a growing body of 
evidence to support the belief that severe OSA is a risk factor for 
cardiovascular diseases and death,1 not only in clinical cases2,3 
but also in the general population.4,5

The National Cholesterol Education Program (NCEP) Adults 
Treatment Panel III (2001) proposed a clinically‑based approach 
that establishes a diagnosis of metabolic syndrome (Mets), when 
an individual has 3 of 5 risk factors for cardiovascular disease.6 
There appears to be considerable overlap in the clustering of 
cardiovascular disease mechanisms involved in Mets and OSA. 

Indeed, 5 recent studies have shown that OSA was significantly 
associated with Mets.7-11 However, 4 of the 5 were non-epidemi‑
ological studies, while subjects in the one epidemiological study 
were relatively obese for an Asian population.9 Another study 
has reported that obesity,12 and not OSA was responsible for 
metabolic abnormalities. Thus, it has not yet been established 
whether Mets is primarily determined by obesity or sleep apnea. 
In addition, although the prevalence of OSA in Mets subjects 
is not well understood,9 the converse (i.e., the prevalence of 
Mets in OSA subjects) has been investigated several times.7-11 
We hypothesized that OSA would be an independent risk fac‑
tor for Mets in a normal male population. We investigated the 
prevalence of sleep apnea in subjects with Mets in a Japanese 
male working urban city population (n = 275) whose body mass 
index (BMI) matched that of the general Japanese male popula‑
tion.13 In this study, we also looked at the prevalence of OSA in 
Mets subjects, as this is an area that has not been investigated 
extensively.

Recently, in addition to obese subjects, it has been reported 
that Mets subjects have a shortened sleep duration which has a 
significant association with morbidity and mortality.14-19 In these 
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studies, the sleep duration was measured by a sleep diary, rather 
than with an actigraph.20 The sleep duration in bed as measured 
by an actigraph has been shown to be compatible with the dura‑
tion as measured by polysomnography.21 We also investigated 
weekly mean sleep duration by means of an actigraph.

METHODS
Study methods have been provided in detail in a previous 

report.13

Subjects and Study Design
The subjects were male employees of an urban company. 

Male subjects only were chosen for the study, as the number 
of female workers was small. Questionnaires were distribut‑
ed to the employees. Of 322 male employees (current smok‑
ers: 54.9% and habitual drinkers: 48.9%), who recorded their 
breathing during sleep using a home monitoring system, 275 
were investigated further; their clinical characteristics and co‑
morbidities are presented in Table 1. The reasons for exclusion 
of the other 47 subjects were as follows: blood parameters were 
not measured (n = 28); subjects whose measurements of some 
of the components of metabolic syndrome, such as blood pa‑
rameters, and abdominal circumference were not measured, 
were omitted (n = 18); blood parameters were measured after 
the monitoring of breathing (n = 1). The relative proportions of 
the degrees of severity in the sleep disordered breathing was 
similar in these excluded subjects to the 275 subjects included 
in the study, namely: severe in 4, moderate in 7, mild in 15, 
and no-OSA in 20 males; in addition 1 male subject had a poor 
recording.

The study protocol was approved by the Kyoto University 
Graduate School and Faculty of Medicine Ethics Committee.

Questionnaire
A Japanese modification of the Epworth Sleepiness Scale 

(ESS) was used to assess subjective sleepiness.22,23 A separate 
sleep diary was filled out during the survey period.13

Examinations and Home Monitoring
Each subject was asked to wear an actigraph (Actiwatch AW-

Light: Mini Mitter, OR, USA) for 7 days to estimate sleep/wake 
time, and a type 3 portable monitor (PM) (Morpheus: Teijin, To‑
kyo, Japan, which is the same as Somté: Compumedics, Victo‑
ria, Australia) for 2 nights at home.13,20,24

Actigraphy and PM Data Analysis
Sleep duration at night was estimated from analysis of the 

wrist actigraphy tracing, in conjunction with a sleep diary. 13 The 
respiratory disturbance index (RDI: number of apnea and hypo‑
pnea episodes per hour of the analyzed time length) was calcu‑
lated from both actigraph and PM data. The PM records were 
visually inspected and scored by ≥ 2 medical doctors specialized 
in respiratory medicine. Apnea (cessation of breathing for ≥ 10 
sec) and hypopnea ( > 50% reduction in the amplitude of na‑
sal pressure or respiratory effort associated with more than 3% 
reduction in oxyhemoglobin saturation ≥ 10 sec) were scored 
blind to other information, except sleep/wake time estimated by 
the actigraphy. Data without oxygen saturation signals or indeci‑
pherable recordings were excluded from analysis. Data recorded 

for < 2 h were also excluded, because the Medicare guidelines 
require ≥ 2 h of documented sleep time. When data from both 
recorded nights were available, records from the second night 
were analyzed further. Subjects with an RDI of 5–14.9, 15–29.9, 
and ≥ 30 were considered to have mild, moderate, and severe 
sleep disordered breathing (SDB), respectively.

Anthropometric and Biochemical Measures
Measurements of waist circumference and blood pressure 

were measured at the same time as the subjects were trained in 
the use of the PM and actigraph. These measurements, and those 
of weight, were done by trained research staff.13 Measurements 
of fasting blood sugar, total cholesterol, HDL-cholesterol, trig‑
lyceride levels, and height were obtained, retrospectively, from 
the company’s periodic inspection data.

Diagnosis of Metabolic Syndrome
Instead of using the definition of metabolic syndrome pub‑

lished by the International Diabetes Federation,25 NCEP criteria 
were used to compare the results from the current study with 
previously published data. This decision was based on the fact 
that the majority of previous studies had used NCEP criteria. 
Based on NCEP criteria, a diagnosis of Mets was made when 
an individual had 3 of the following 5 characteristics: increased 
waist circumference ( > 85 cm for men), systolic blood pressure 
> 130 mm Hg or diastolic blood pressure > 85 mm Hg, increased 
fasting glucose > 110 mg/dL, increased triglycerides > 150 mg/
dL, and decreased HDL cholesterol ( < 40 mg/dL).6 The waist 
circumference was determined to take account of ethnicity.26 
In addition, a diagnosis of Mets was made using the Japanese 
criteria,27 namely, if the individual had a waist circumference 
> 85 cm for men and ≥ 2 of the following risk factors: (1) in‑
creased triglycerides or decreased HDL cholesterol; (2) high 
blood pressure; (3) increased fasting plasma glucose. Subjects 
who took BP‑lowering medications were included as hyperten‑
sive subjects. Eleven subjects took drugs for hyperlipidemia; as 
we could not obtain “natural” lipid profile data for these subjects 
because of this concomitant medication, they were considered 
to suffer from both increased triglycerides and decreased HDL 
cholesterol.

Statistical Analysis
Results are expressed as mean ± standard deviation (SD). 

The significance of intergroup differences based on the severity 
of OSA was determined by an analysis of variance (ANOVA). 
When a significant difference was observed, the Sheffé method 
was performed to identify where the differences were signifi‑
cant. Univariate and multivariate logistic regression analyses 
were performed to assess the relationship between Mets or the 
components of Mets, and RDI, age, and BMI. Comparisons of 
the values between subjects with and without Mets were per‑
formed by a non-paired t or χ2 test. Univariate logistic regression 
analyses were performed to assess the relationship between OSA 
severity and the presence of Mets. The relationship between 2 
sets of data was analyzed by the Pearson correlation coefficient 
tests, except for the Spearman correlation coefficient (rs) tests 
regarding RDI data and ESS scores, as the former data were 
skewed and the latter were ordinal variables. Since it is believed 
that BMI and age are significantly related to the occurrence of 
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Mets, BMI- and age‑matched subjects with and without Mets 
were compared. Comparisons of body weight data during the 
study were performed by a 2-tailed, paired t-test. P values < 0.05 
were considered to be statistically significant. In a previous re‑
port,11 it was found that in the group with an AHI < 10, 40% had 
metabolic syndrome; in contrast, in the group with an AHI > 10, 
60% had metabolic syndrome. Based on these data, the sample 
size was set to achieve 80% power at a 5% significance level. 
The calculated sample size was 97. Statistical analyses were per‑
formed using Statview 5.0 (SAS Institute, Inc. Cary, NC). The 
authors had full access to the data and take responsibility for its 
integrity. All authors have read and agree to the manuscript as 
written.

RESULTS

Prevalence of SDB and Mets
Based on NCEP and Japanese criteria, respectively, 68 

(24.7%) and 58 (21.1%) of 275 subjects had Mets (Table 1). 
This rate was similar to the previously published rate (23.0%) 
for the general public in Japan.28 In addition, in 2007 in Japan, it 
was reported that the prevalence of hyperglycemia in male sub‑
jects in their 40s was 18.6%.29 Therefore, the prevalence of hy‑
perglycemia in this study (19.6%) is similar to the background 
prevalence in Japan.29

The mean duration between the measurements of the home 
cardiorespiratory sleep study and clinical data (waist circum‑

ference and blood pressure) was 7 days, while the mean dura‑
tion between the sleep study and the measurement of blood 
parameters, such as blood sugar, cholesterol, and triglycer‑
ides, was 213 ± 138 days. The severity of OSA was signifi‑
cantly related with the prevalence of Mets (p < 0.001) (Table 
2). After adjusting for age and BMI, the severity of OSA was 
not significantly related to the occurrence of Mets, or several 
other factors (Table 2). The unadjusted and adjusted odds ra‑
tios (OR) for having any severity of OSA (vs. non-OSA), the 
OR for severe, moderate, and mild OSA (vs. non-OSA), and 
the OR for severe and moderate OSA (vs. mild OSA) were 
examined. In all cases, the results were the same (Table 3). 
Similarly, the results were the same using the Japanese criteria 
for Mets diagnosis.

Prevalence of OSA in Subjects with Mets
While there was no significant difference in BMI or age, 

16.2% of subjects with Mets had an RDI ≥ 30, compared with 
only 2.4% of subjects without Mets (p < 0.001) (Table 4). It 
seemed that Mets increased the risk of severe OSA (RDI ≥ 
30). A similar relationship was not seen in subjects with an 
RDI < 30.

Weekly Mean Sleep Duration
We found a significant correlation between the weekly 

mean sleep duration by actigraph and the duration of type 3 
PM monitor (r = 0.52, p < 0.001), and a significant negative 

Table 1—Clinical features and comorbidities of 275 male subjects

All subjects No OSA
(RDI < 5)

Mild OSA
(5 ≤ RDI < 15)

Moderate OSA
(15 ≤ RDI <30)

Severe OSA
(30 ≤ RDI) p value

No. of subjects 275 114 103 42 16
RDI (/h) 10.2 ± 10.7 2.5 ± 1.4 9.5 ± 2.6* 20.4 ± 3.3*¶ 43.1 ± 10.4*¶‡ < 0.001
Age (years) 44 ± 8 41 ± 8 46 ± 8* 47 ± 7* 47 ± 7* < 0.001
BMI (kg/m2) 23.9 ± 3.1 23.0 ± 2.8 23.5 ± 3.0 26.0 ± 2.8*¶ 27.5 ± 2.4*¶ < 0.001
Sleep duration (h) 6.0 ± 0.8 6.1 ± 0.8 6.0 ± 0.8 6.0 ± 0.7 5.4 ± 0.9*¶ 0.004
Epworth Sleepiness Scale 6.7 ± 3.7 6.5 ± 3.6 6.6 ± 3.7 6.4 ± 3.6 8.8 ± 4.1 0.12
Waist circumference (cm) 83.6 ± 8.5 80.8 ± 7.9 83.3 ± 7.6 88.6 ± 8.3*¶ 93.1 ± 6.3*¶ < 0.001
Blood parameters

TC (mg/dL) 203 ± 32 198 ± 33 205 ± 30 209 ± 33 208 ± 27 0.22
TG (mg/dL) 123 ± 81 111 ± 62 118 ± 75 147 ± 112 181 ± 112*¶ 0.002
HDL-cho (mg/dL) 57 ± 14 57 ± 15 60 ± 13 54 ± 12 49 ± 13¶ 0.011
Blood glucose (mg/dL) 104 ± 22 100 ± 15 104 ± 18 108 ± 22 119 ± 56* 0.004
Dyslipidemia (n, [%]) 91 (33.1) 36 (31.6) 32 (31.1) 13 (31.0) 10 (62.5) 0.138
Hypertension (n, [%]) 156 (56.7) 57 (50.0) 56 (54.4) 31 (73.8) 12 (75.0) 0.004
Hyperglycemia (n, [%]) 54 (19.6) 17 (14.9) 19 (18.5) 13 (31.0) 5 (31.3) 0.017
Systolic BP (mm Hg) 129 ± 14 127 ± 14 130 ± 15 132 ± 12 132 ± 11 0.21
Diastolic BP (mm Hg) 81 ± 11 79 ± 11 81 ± 10 85 ± 11* 84 ± 6 0.0018

Prevalence of Mets, using:
NCEP III criteria (n, [%]) 68 (24.7) 19 (16.7) 24 (23.3) 14 (33.3) 11 (68.8) < 0.001
Japanese criteria (n, [%]) 58 (21.1) 16 (14.0) 19 (18.4) 13 (31.0) 10 (62.5) < 0.001

*p < 0.05, vs No OSA; ¶ p < 0.05, vs Mild OSA, ‡ p < 0.05, vs Moderate OSA.
OSA, obstructive sleep apnea; RDI, respiratory disturbance index; BMI, body mass index; TC, Total cholesterol; TG, triglycerides; HDL-cho, high-density 
lipoprotein cholesterol; BP, blood pressure; Mets, metabolic syndrome; NEP III, The National Cholesterol Education Program (NCEP) Adults Treatment Panel 
III (2001)
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Association Between Sleepiness, RDI, and Actigraphic Sleep 
Duration

Although ESS scores in severe OSA were significantly high‑
er than any other group, the differences disappeared using an 
analysis of variance (ANOVA). The relationship between ESS 
scores and sleep duration was significant (rs = −0.23, p < 0.001), 
but the relationship between ESS scores and RDI was not (rs = 
0.04, p = 0.51).

DISCUSSION
In this first, body weight‑matched epidemiological study 

based on a Japanese urban population of businessmen, we found 
the following: (1) although there was a significant association 
between an increase in the proportion of Mets and the severity 
of OSA, the severity of OSA had no significant effect on the 
occurrence of Mets after data were adjusted for age and BMI; 

correlation between BMI and weekly 
mean sleep duration as measured by ac‑
tigraph (r = −0.19, p = 0.0016). Subjects 
with severe OSA had significantly short‑
er sleep duration (Figure 1a and Table 1, 
p < 0.05).

Weekly mean sleep duration in Mets 
subjects was significantly less than in 
non‑Mets subjects (5.8 ± 0.8 h vs. 6.1 ± 
0.8 h: p = 0.026). BMI- and age‑matched 
subjects with (n = 68) and without (n = 
68) Mets were compared, because BMI 
and age were significantly related with 
its occurrence: there was a significant 
difference in sleep duration between 
subjects with and without Mets, but not 
in RDI (Table 5, Figure 1b). Weekly 
mean sleep duration was 5.3 ± 1.1 h in Mets subjects with 
severe OSA and 5.9 ± 0.8 (p = 0.021) in Mets subjects without 
severe OSA (Figure 1c).

Body Weight Changes Between Two Check Points
All sleep studies were performed after the blood measure‑

ments. As previously shown, the mean duration of time between 
the sleep studies and blood parameter measurements was 213 ± 
138 days (median 221 and interquartile range = 93 to 320 days). 
The mean duration of time between the sleep studies and blood 
parameter measurements was unaffected by severity of OSA 
(p = 0.12). Subjects had significant body weight gain during the 
period between the day blood parameters were measured and the 
day of type 3 PM monitoring (from 23.2 ± 3.1 to 23.9 ± 3.1kg/
m2, p < 0.001). An association between weight gained and the 
severity of RDI was not significant (rs = 0.06, p = 0.35).

Table 2—Logistic regression analyses with metabolic syndrome as an outcome for the severity of 
OSA

Unadjusted Adjusted

Odds ratio (95% CI) p value Odds ratio (95% CI) p valueOSA OSA
none reference none reference
mild 1.52 (0.78-2.97) 0.22 mild 1.00 (0.47-2.13) 0.99
moderate 2.50 (1.11-5.61) 0.026 moderate 0.77 (0.30-1.99) 0.59
severe 11.0 (3.43-35.3) < 0.001 severe 2.57 (0.68-9.69) 0.16

Age 1.06 (1.02-1.11) 0.0064
BMI 1.39 (1.24-1.57) < 0.001

OSA, obstructive sleep apnea; CI, confidence intervals; BMI, body mass index.

Figure 1—Weekly mean sleep duration in OSA and/or Mets subjects
a) �The relationship between the severity of OSA and the weekly mean sleep duration in bed, as measured by an actigraph. Only severe OSA significantly 

shortened sleep duration. 
b) BMI- and age‑matched subjects with Mets (n = 68) and without Mets (n = 68)
c) Mets with severe OSA (n = 11) and Mets without severe OSA (n = 57).

OSA, obstructive sleep apnea; Mets, metabolic syndrome. 
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(2) although BMI and age both had a 
significant effect, the prevalence of se‑
vere OSA in Mets subjects was higher 
than that in non-Mets subjects; (3) severe 
OSA patients and subjects with Mets had 
a shorter sleep duration in bed.

Several studies have considered the 
relationship between OSA and Mets, five 
of which concluded that OSA was inde‑
pendently associated with an increase in 
the prevalence of Mets.7-11 Another study, 
which did not find an association be‑
tween OSA and Mets prevalence, found 
that obesity was the major determinant 
of metabolic abnormalities,12 our find‑
ings support the latter. The mean BMI in 
our study was comparable to the normal 
Japanese male population.13 Therefore, 
we consider that this current study is the 
second epidemiological study, but the 
first population‑based one, to investigate 
the relationship between OSA and Mets 
in adults using a population of subjects 
with a BMI comparable to the relevant 
normal male population. From our data, 
the presence of Mets was primarily deter‑
mined by obesity and age, and to a lesser 
extent, by sleep apnea. However, this 
urban male working population study 
also showed that the prevalence of Mets 
in severe OSA patients was nearly 70%, 
which is the same as that reported in pre‑
vious studies.7-11 Therefore, it appears 
that over two‑thirds of severe OSA (RDI 
≥ 30) patients have Mets in both East‑
ern and Western countries. Redline et al. 
have emphasized that this association is 
also important in the prevalence of Mets 
in adolescents.30

There have been few previous reports 
concerning the prevalence of OSA in 
Mets subjects.9 Lam et al. showed that 
62.5% subjects with Mets had OSA (RDI 
> 5), while only 24% subjects without 
Mets had OSA (p < 0.001).9 However, 
they did not investigate what proportion 
of patients with or without Mets had se‑
vere OSA (RDI ≥ 30), which is linked to 
cardiovascular disease and death.1-5 We 
have shown that severe OSA had a sig‑
nificantly higher prevalence in Mets sub‑
jects than subjects without Mets (Table 
4). Although BMI and age are the most 
important factors (Tables 2 and 3), this 
result suggests that Mets components, 
such as visceral fat, might induce se‑
vere OSA. Indeed, it has been reported 
that continuous positive airway pressure 
(CPAP) treatment for OSA significantly 

Table 3—Logistic regression analyses with primary components of metabolic syndrome as an out-
come for the severity of OSA

a) Hypertension

Unadjusted Adjusted

Odds ratio (95% CI) p value Odds ratio (95% CI) p value
OSA OSA

none reference none reference
mild 1.19 (0.70-2.03) 0.52 mild 0.94 (0.53-1.65) 0.82
moderate 2.82 (1.29-6.15) 0.0092 moderate 1.89 (0.81-4.43) 0.14
severe 3.00 (0.91-9.86) 0.070 severe 1.82 (0.51-6.56) 0.36

Age 1.05 (1.02-1.08) 0.0043
BMI 1.05 (0.96-1.15) 0.25

b) Dyslipidemia

Unadjusted Adjusted

Odds ratio (95% CI) p value Odds ratio (95% CI) p value
OSA OSA

none reference none reference
mild 0.98 (0.55-1.74) 0.94 mild 0.94 (0.51-1.73) 0.84
moderate 0.97 (0.45-2.09) 0.94 moderate 0.65 (0.28-1.53) 0.32
severe 3.61 (1.22-10.7) 0.021 severe 2.03 (0.62-6.68) 0.25

Age 0.99 (0.96-1.03) 0.64
BMI 1.16 (1.06-1.28) 0.0016

c) Hyperglycemia

Unadjusted Adjusted

Odds ratio (95% CI) p value Odds ratio (95% CI) p valueOSA OSA
none reference none reference
mild 1.29 (0.63-2.64) 0.49 mild 0.68 (0.30-1.54) 0.35
moderate 2.56 (1.11-5.88) 0.027 moderate 0.73 (0.27-1.97) 0.54
severe 2.59 (0.80-8.41) 0.11 severe 0.46 (0.11-1.91) 0.29

Age 1.11 (1.06-1.17) < 0.001
BMI 1.31 (1.16-1.48) < 0.001

d) Waist circumference

Unadjusted Adjusted

Odds ratio (95% CI) p value Odds ratio (95% CI) p valueOSA OSA
none reference none reference
mild 1.56 (0.88-2.75) 0.12 mild 1.20 (0.52-2.77) 0.67
moderate 5.48 (2.54-11.8) < 0.001 moderate 1.04 (0.35-3.06) 0.94
severe 36.8 (4.67-290) < 0.001 severe 6.73 (0.51-89.7) 0.15

Age 1.08 (1.03-1.13) 0.0025
BMI 2.57 (2.04-3.24) < 0.001

OSA, obstructive sleep apnea; CI, confidence intervals; BMI, body mass index.
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be due to the intermittent awaking caused by sleep apnea. We 
found that the sleep duration in bed of such severe OSA subjects 
was short, which, therefore, may be one of the factors for the 
hypersomnolence observed in such subjects. Pack et al. reported 
a greater association between increases in subjective sleepiness 
in commercial drivers and shorter sleep duration, as measured by 
an actigraph, than with increases in severity of apnea.21 We can 
draw similar conclusions from an urban male working popula‑
tion in Japan. Based on our results, in order to decrease the mor‑
tality rate in subjects with severe OSA or Mets, it would be best 
to improve the length and quality of sleep. This could be partly 
achieved through the use of active treatments, such as CPAP for 
OSA., At the very least, the differences in sleep duration before 
and after CPAP treatment warrant further study.

There were several limitations in this study. Firstly, we did 
not carry out polysomnography. However, as previously report‑
ed, the inter-scorer and night-to-night reliability of RDI were 
excellent (interclass correlation coefficients (ICC) of 0.98 and 
0.95, respectively).13 In addition, it has been reported recently 
that non‑attended type 3 monitoring is reliable under the speci‑
fied conditions in which our study was conducted.36 Secondly, 
our study population was based on an urban male working popu‑
lation in Japan. As reported previously, 58.5% of the Japanese 
population lives in the 7 largest metropolitan areas of Japan, and 
67.2% of Japanese workers are employed in the tertiary sec‑
tor of industry (also known as the service sector or the service 
industry). Thus, approximately 40% of Japanese workers may 
be in the tertiary sector of industry in the metropolitan areas, 
in which our study population was based.13 Although ethnicity 
issues might have impacted our results, the criterion of waist 
circumference was determined to take account of ethnicity.26 In 
addition, the prevalence of SDB in this study was comparable 
with that of Western countries.13,37 Furthermore, the mean preva‑
lence of Mets with severe OSA using NCEP criteria was 69% 
in our study and 71% in 4 of 5 previous studies that included 
Western and Asian countries.7,9-11 Therefore, our data might be 
applicable to Western populations, although this requires further 
study. Thirdly, we did not gather sleep related data with waist 
circumference at the same time as several blood parameters. 
However, there was no significant difference in the duration be‑
tween the timing of the two measurements in any group. The 
prevalence of Mets in our subjects may have increased due to 
the significant body weight gain having a significant effect on 
several blood markers. Fourthly, the number of subjects in our 
study was limited due to the small number of employees. Future 
studies should use a greater number of subjects in order to meet 
the predicted sample size.

This study has shown that almost 70% of severe OSA sub‑
jects also had Mets in an urban male working population in Ja‑
pan. Furthermore, it also demonstrated that 16% of subjects with 
Mets had severe OSA, while only 2.4% of subjects without Mets 
had severe OSA, although, in addition to BMI and age, factors 
which induce severe OSA in Mets subjects were not clearly in‑
vestigated in this study, because of a shortage of severe OSA 
patients (11 patients with Mets and 5 patients without Mets). It 
will be important to investigate the reasons why short sleep du‑
ration, which has been shown in patients with Mets, obesity, and 
several comorbidities in recent reports,14-16,18,19 and in patients 
with severe OSA and/or Mets in this report, might be induced in 

reduced visceral fat accumulation.31,32 Recently, a positive, inde‑
pendent relationship has been shown between lung function im‑
pairment and metabolic syndrome.33 Thus, the mechanism why 
Mets might induce severe OSA should be further studied.

In this study, BMI and weekly mean sleep duration, as 
measured by actigraph, had a significant negative correlation 
(r = −0.19, p = 0.0016). Although BMI and age had a significant 
association with the prevalence of Mets, BMI- and age-matched 
subjects with Mets had shorter sleep duration than that of control 
subjects without Mets (Table5). Several published reports have 
shown that sleep duration has a significant effect on BMI,14-16 
mortality,17 and diabetes.34 Recently, the relationship between 
Mets and sleep duration has been reported as shown in this 
study.18,19 Sleep duration in these reports was calculated by sleep 
diary and/or questionnaire,14-19,34 while in our study it was calcu‑
lated by sleep diary and actigraphy.13,20 However, we feel that our 
method of measuring sleep duration during a night in bed, was 
a more reliable method, as the validity of actigraphy in subjects 
with SDB has been proven in a recent report.21 In our study, we 
showed that the weekly mean sleep duration was shorter (5.4 h) 
in severe OSA subjects than in subjects with other OSA grades 
(≥ 6 h); severe OSA is associated with a significantly high mor‑
tality rate from cardiovascular disease.1-5 Thus, sleep duration of 
subjects with severe OSA or Mets was less than 6 h, while that in 
subjects with both Mets and severe OSA was only 5.3 h (Figure 
1c). The percentage of adults sleeping ≤ 6 h per day has increased 
markedly between 1985 and 2004, in parallel with a nationwide 
substantial increase in BMI.35 It is well known that severe OSA 
subjects have excessive daytime sleepiness, which is believed to 

Table 4—The relationship between severe OSA and the presence of 
metabolic syndrome

Severe OSA (n = 16)
Mets (+) 
(n = 68)

Mets (−) 
(n = 207)

p

Age (y) 48.5 ± 6.8 44.6 ± 6.6 0.56

BMI (kg/m2) 27.7 ± 2.1 26.9 ± 3.1 0.30
Waist 
circumference (cm) 95.0 ± 7.1 89.0 ± 6.8 0.08

n (%) 11 (16.2) 5 (2.4) <0.001

OSA, obstructive sleep apnea; BMI, body mass index

Table 5—Comparison of the background between 68 patients with Mets 
and 68 patients without Mets, matched for age and BMI

Non-Mets Mets P value
No. of subjects 68 68
RDI (/h) 12.7 ± 10.2 15.7 ± 14.2 0.16
Age (years) 46 ± 8 46 ± 7 0.94
BMI (kg/m2) 26.0 ± 2.4 26.1 ± 2.6 0.78
Sleep duration (h) 6.1 ± 0.7 5.8 ± 0.8 0.047
Epworth 
Sleepiness Scale 8.2 ± 4.6 8.7 ± 4.3 0.46

RDI, respiratory disturbance index; BMI, body mass index
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these patients. In addition, short sleep duration increased mor‑
tality.17 This knowledge should allow the successful treatment 
of sleep disturbances in subjects, including those with OSA or 
Mets, which might have a significant and beneficial effect on 
sleep duration in bed and hence mortality.
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