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Abstract

Background: Sleep-disordered breathing (SDB), especially obstructive sleep apnea (OSA), has frequent complications
include hypertension, dyslipidemia and insulin resistance based on abdominal obesity or excess visceral fat (called
Syndrome Z). OSA is a potential risk factor for cardiovascular diseases. The clinical characteristics of Japanese OSA
subjects with OSA remain unclear. The present study investigated prevalence and predictive factors of intracoronary
stenosis detected by multislice computed tomography (MSCT) in Japanese male subjects with SDB/OSA.

Findings: The study (O-VFStudy) subjects were 39 Japanese men with SDB/OSA who underwent all-night
cardiorespiratory monitoring with fully attended polysomnography, and moreover both fat computed tomography
(CT) scan and 64-row MSCT coronary angiography. The prevalence of coronary stenosis in this selected population
with SDB/OSA was 15%. Logistic regression analysis showed a significant relationship between age-adjusted CAD
and metabolic syndrome (p < 0.05), but not serum adiponectin levels and nocturnal fall in adiponectin. Subjects
with the metabolic syndrome had significantly higher prevalence of CAD (31.3 versus 4.3%, p = 0.033), and lower
levels of serum adiponectin (4.5 ± 0.6 versus 6.4 ± 0.6 μg/mL, p = 0.014), compared with groups without the
metabolic syndrome.

Conclusions: The present study describes that the prevalence of greater than 50% intracoronary stenotic lesions
detected by MSCT was 15% and the metabolic syndrome was correlated with intracoronary stenosis detected by
MSCT in Japanese SDB/OSA subjects.

Trial Registration: UMIN 000002997
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?
function=brows&action=brows&type=summary&recptno=R000003633&language=E.
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Background
Sleep-disordered breathing (SDB), especially obstructive
sleep apnea (OSA), is a potential risk factor for cardio-
vascular diseases, including coronary artery disease
(CAD) and stroke [1-3]. OSA is common in middle-age
men [4], and frequent complications include

hypertension, dyslipidemia and insulin resistance based
on abdominal obesity or excess visceral fat [5-8]. Visc-
eral fat is a huge endocrine organ producing a variety of
bioactive substances, conceptualized as ‘adipocytokines’
[9]. Our group discovered adiponectin as an adipocyto-
kine in the human adipose cDNA library [10], which
has anti-atherosclerotic property [11]. We have recently
demonstrated that, 1) production of adiponectin is dys-
regulated in intra-abdominal obese patients with severe
OSA [12,13], and 2) night-time onset of acute coronary
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syndrome is associated with excess visceral fat and SDB
[14], which is called “Syndrome Z” [15]. However, there
is little information on clinical features of Japanese OSA
subjects with CAD.
The present study investigated prevalence and predic-

tive factors of intracoronary stenosis detected by multi-
slice computed tomography (MSCT) in Japanese male
subjects with OSA.

Methods and procedures
Participants
Subjects were recruited from 50 consecutive Japanese
male subjects with a history of snoring and/or witnessed
apneas, who underwent all-night cardiorespiratory mon-
itoring in the Yoshida Suimin-kokyu Clinic (Osaka,
Japan) and had no history of CAD, which was defined
as documentation of medication and history of myocar-
dial infarction, angina, and/or previous coronary inter-
vention. The study (O-VFStudy) subjects comprised 39
Japanese, who moreover underwent both fat computed
tomography (CT) scan and 64-row MSCT coronary
angiography (GE-LightSpeed VCT) in Kenporen Osaka
Central Hospital (Osaka, Japan), excluding subjects with
contrast-allergic disease and/or renal dysfunction (serum
creatinine > 1.5 mg/dL) (n = 6), and apnea hypopnea
index (AHI) < 5 events/hour (n = 5). The study was
approved by the human ethics committee of each parti-
cipating hospital and informed consent was obtained
from each participant.

Cardiorespiratory monitoring
All participants underwent overnight cardiorespiratory
monitoring with fully attended polysomnography
(Alice®4 Diagnostics Sleep System, Philips Respironics).
The recorded signals were analyzed for the number of
apneas and hypopneas. Apnea represented a decrease in
the amplitude of airflow signal or thoracoabdominal
motion decreased to < 10% of the baseline for at least
10 seconds. Hypopnea was defined as a decrease in air-
flow or respiratory effort to < 70% of baseline for at
least 10 seconds associated with > 4% desaturation but
did not meet the criteria for an apnea. The AHI was
defined as the total number of apneas/hypopneas per
hour of sleep time [16,17]. An AHI ≥ 5 established the
diagnosis of SDB. All recordings were scored manually
by an experienced polysomnographic technologist. The
Epworth Sleepiness Scale (ESS) was used to report sub-
jective day-time sleepiness [18]. Excessive daytime slee-
piness was defined as an ESS score greater than 10.

CT images
Total fat area, visceral fat area and subcutaneous fat
area were computed and measured automatically using
commercial software on CT scans taken at the umbilical

level in a supine position (120 kV, 400 mAsec, section
thickness of 5-10 mm, field of view of 400 mm, window
width of 800-1000 Hounsfield units). All MSCT angio-
grams were scanned by trained technicians, according to
a standard protocol. All MSCT angiograms were evalu-
ated by at least two experienced examiners. The pre-
sence of stenosis with coronary plaque was evaluated
visually on axial and cross-sectional images and curved
multiplanar reconstructions. Intracoronary lesion was
identified as atherosclerotic stenosis and/or highly calci-
fication lesion of at least one segment of a major coron-
ary artery confirmed by MSCT coronary angiograms,
which is greater than 50% stenosis as a candidate for
revascularization [19,20]. Patients with intracoronary
lesion were considered to have CAD.

Anthropometry and laboratory measurements
Height (cm), weight (kg) (and body mass index in kg/
m2), neck circumference at the level of the cricothyroid
cartilage, waist circumference at the umbilical level and
hip circumference horizontally at the level of the greater
trochanter of the femur, were measured in the standing
position. Systolic and diastolic blood pressures were
measured with a standard mercury sphygmomanometer
on the right or left arm after the subjects had rested in
a sitting position for at least 10 minutes. Smoking habit
was documented on the routine baseline questionnaire.
Metabolic syndrome was defined according to the Japa-
nese criteria [21].
Venous blood samples were collected in the morning

after overnight fast for measurements of glucose, lipids,
and immunoreactive insulin. In each sleep study that
included high-sensitivity C-reactive protein (hsCRP) and
adiponectin monitoring, venous blood samples were
obtained after wake-up while the subject was in the
supine position. For the purpose of the present study,
serum samples that were obtained at baseline from each
study participant and stored at -20°C, were thawed and
mesured for serum hsCRP (N-Latex CRP II, Dade Behr-
ing Inc, Marburg, Germany, intra-coefficients of varia-
tion (CV); 2.0%, inter-CV 2.3%) and adiponectin
concentrations (Otsuka Pharmaceutical Co., Tokushima,
Japan, intra-CV; 3.0%, inter-CV 5.1%) [12-14,22]. Serum
concentration of thiobarbituric acid-reacting substance
(TBARS), an important biomarker of systemic oxidative
stress reflecting serum lipid peroxidation products, was
determined by the method of Yagi (Japan Institute for
the Control of Aging, Nikken SEIL Co., Shizuoka,
Japan), as reported previously by our group [14,22].

Statistical analysis
The correlations between CAD and clinical features
were first analyzed by simple logistic regression analysis.
In all cases, p values < 0.05 were considered statistically
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significant. All analyses were performed with the JMP
Statistical Discovery Software 9.0 (SAS Institute, Cary,
NC).

Results
Characteristics of male subjects with SDB/OSA
Of consecutive 50 subjects with suspected sleep apnea,
data from 39 subjects (mean AHI 39 ± 4 events/h) were
studied. The baseline characteristics of 39 subjects are
listed in Table 1. The percentage of patients with exces-
sive daytime sleepiness (ESS > 10) was 64% (n = 25/39).
Only 15% (n = 6/39) of the subjects showed greater
than 50% intracoronary stenotic lesions detected by
MSCT. Furthermore, the affected coronary artery was
the left anterior descending artery (5 lesions), left cir-
cumflex artery (1 lesion) and right coronary artery (4

lesions), double-vessel disease was identified in 67% (sin-
gle/double/triple = 2/4/0), and 41% of the subjects (n =
16/39) had the metabolic syndrome based on visceral fat
accumulation. Four subjects with CAD (n = 4/6) under-
went successful revascularization with percutaneous cor-
onary intervention procedures, but not coronary artery
bypass graft surgery, and the other two subjects had
taken medications only.

Relationship between CAD and various parameters
Logistic regression analysis was performed to evaluate
the relation between CAD and each parameter listed in
Table 2. Simple logistic regression analysis showed a sig-
nificant relationship between age-adjusted CAD and
metabolic syndrome as well as TBARS (p < 0.05), but
not adiponectin.

Table 1 Baseline characteristics of the subjects (males, n = 39)

mean ± SEM (%) range

Age (years) 52 ± 1 (35-74)

Body mass index (kg/m2) 27.8 ± 0.6 (20.2-40.3)

Neck circumference (cm) 40 ± 0.4 (36-46)

Waist circumference (cm) 95 ± 1 (80-114)

Hip circumference (cm) 100 ± 1 (90-116)

Total fat area (cm2) 330 ± 35 (86-1313)

Visceral fat area (cm2) 163 ± 31 (22-1117)

Subcutaneous fat area (cm2) 167 ± 9 (64-312)

Smoking (none-/ex-/current-smoker) 13/14/12

Systolic blood pressure (mmHg) 131 ± 2 (100-160)

Diastolic blood pressure (mmHg) 82 ± 2 (58-108)

Fasting blood glucose (mg/dL) 80 ± 3 (61-124)

Fasting immunoreactive insulin (μIU/mL) 11 ± 1 (3-26)

Triglyceride (mg/dL) 158 ± 12 (52-375)

High-density lipoprotein-cholesterol (mg/dL) 49 ± 2 (33-100)

Low-density lipoprotein-cholesterol (mg/dL) 133 ± 3 (97-171)

Diabetes mellitus/Hypertension/Dyslipidemia 3/28/28

Metabolic syndrome 16 (41)

Epworth Sleepiness Scale 13 ± 1 (2-23)

Cardiorespiratory monitoring findings

Apnea-hypopnea index (AHI) (events/hour) 39 ± 4 (8.2-116.6)

Baseline SpO2 (%) 98 ± 0.1 (97-100)

Lowest SpO2 (%) 72 ± 2 (33-91)

4% oxygen desaturation index (events/hour) 27 ± 3 (1.4-91.1)

% < 90% time 7 ± 2 (0-51.4)

Apnea-hypopnea index (AHI) ≥ 5 to < 15 (mild) 7

≥ 15 to < 30 (moderate) 11

≥ 30 (severe) 21

Computed tomography scan findings

< 50% stenosis of coronary arteries 33 (75)

≥ 50% stenosis of coronary arteries 6 (15)

Serum high-sensitive C-reactive protein (hsCRP) (ng/dL) 2131 ± 830 (96-29100)

Serum thiobarbituric acid reactive substance (TBARS), nmol/mL 5.5 ± 0.2 (2.7-8.0)

Serum adiponectin (μg/mL) 5.6 ± 0.5 (2.1-11.8)
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Comparison of parameters in subjects without and with
the metabolic syndrome
Subjects with SDB/OSA were divided into two groups
based on the metabolic syndrome [21]. The metabolic
syndrome group had significantly higher prevalence of
CAD and lower levels of serum adiponectin, compared
with groups without the metabolic syndrome (Figure 1;
31.3 versus 4.3%, p = 0.033, 4.5 ± 0.6 versus 6.4 ± 0.6
μg/mL, p = 0.014). There was no significant difference
of AHI and TBARS in two groups (Figure 1; 32.6 ± 5.8
versus 42.7 ± 5.7 events/hour, p = 0.170; 5.2 ± 0.3 ver-
sus 6.0 ± 0.4 nmol/mL, p = 0.094).

Discussion
The two major findings of the present study of SDB/
OSA subjects with a history of snoring and/or witnessed
apneas were: 1) Identification of greater than 50% intra-
coronary narrowing in 15% (6/39) of total, and in 4.3%
(1/23) of subjects without the metabolic syndrome and
in 31.3% (5/16) of those with the metabolic syndrome.
Differences in the above rates were significant (p =
0.033). 2) The metabolic syndrome as well as systemic
oxidative stress, i.e. TBARS, correlated with intracoron-
ary stenosis detected by MSCT. However, multiple logis-
tic regression analysis (adopted factors; age, metabolic

syndrome, TBARS), did not identify both metabolic syn-
drome and TBARS as significant and independent deter-
minants of CAD (p = 0.366, p = 0.062, respectively). The
study included a limited number of patients and further
replication studies of larger sample need to be designed
in the future. Our results may provide a rationale to
conduct such studies.
Although SDB/OSA is associated with cardiovascular

diseases [1-3], there is little information on SDB/OSA

Table 2 Results of simple logistic analysis for coronary
artery disease (CAD)

Model 1 Model 2

Parameter p value p value

Age 0.079 -

Body mass index 0.538 0.329

Neck circumference 0.224 0.164

Waist circumference 0.196 0.134

Hip circumference 0.477 0.365

Log-Total fat area* 0.871 0.414

Log-Visceral fat area* 0.555 0.239

Log-Subcutaneous fat area* 0.671 0.905

Smoking (Ex+current-smoker) 1.000 0.965

Systolic blood pressure 0.631 0.868

Diastolic blood pressure 0.870 0.457

Fasting blood glucose 0.052 0.275

Fasting immunoreactive insulin 0.824 0.671

Log-Triglyceride* 0.702 0.734

High-density lipoprotein-cholesterol 0.354 0.298

Low-density lipoprotein-cholesterol 0.466 0.445

AHI 0.850 0.882

Metabolic syndrome 0.033 0.047

Log-hsCRP* 0.267 0.107

Log-TBARS* 0.014 0.039

Log-adiponectin* 0.503 0.928

Significant level was set at p value < 0.05 (bold type). Abbreviation was
shown as in Table 1 *log-transformed. Model 1: non-adjusted simple logistic
analysis, Model 2: age-adjusted simple logistic analysis
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Figure 1 Comparisons of the prevalence of CAD, AHI and
circulating levels of adiponectin and TBARS between SDB/OSA
subjects without and with the metabolic sydnrome. CAD,
coronary artery disease; AHI, apnea-hypopnea index; SDB, sleep-
disordered breathing; OSA, obstructive sleep apnea; TBARS,
thiobarbituric acid reactive substance. All values were expressed as
mean ± SEM, and compared by the c2 and Mann- Whitney U-test
in experiments of two groups. In all cases, p values < 0.05 was
considered statistically significant.
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subjects with CAD remain to be understood. The pre-
sent study showed that metabolic syndrome predicts
intracoronary stenotic lesions in SDB/OSA subjects. A
cluster of multiple risk factors based on visceral fat
accumulation accelerates atherosclerogenesis, i.e. meta-
bolic syndrome [23]. The co-existence of metabolic syn-
drome and SDB/OSA based on visceral fat
accumulation, i.e. “Syndrome Z”, may represent two
sides of the same coin, given the common pathophysio-
logical processes evident in both conditions, such as
insulin resistance and atherosclerosis [7,15]. Although
adiponectin per se did not correlate with CAD in SDB/
OSA subjects, serum adiponectin levels were lower in
subjects with the metabolic syndrome than those with-
out the metabolic syndrome. Metabolic syndrome was
related with serum levels of adiponectin (p = 0.029), but
not with hsCRP and TBARS (p = 0.850, p = 0.102,
respectively). The results suggest that the metabolic syn-
drome and hypoadiponectinemia may play a role in the
development of CAD in subjects with SDB/OSA. The
metabolic syndrome and hypoadiponectinemia might be
a target for prevention of potential CAD in SDB/OSA.
Nasal continuous positive airway pressure (CPAP) is

the “gold standard” treatment of OSA. A recent double-
blind, placebo-controlled, randomized, and crossover
trial reported that 3 months of nasal CPAP therapy
improved control of elevated blood pressure and a
reduction in metabolic abnormalities including abdom-
inal obesity [24]. Nasal CPAP also reduces the risk of
fatal and non-fatal cardiovascular outcomes [25]. How-
ever, whether visceral fat reduction prevents cardiovas-
cular events in SDB/OSA subjects remains unclear.
Longer observational and interventional trials should be
conducted to assess the effect of visceral fat reduction
on the incidence of cardiovascular events in SDB/OSA
subjects.

Conclusion
We described that metabolic syndrome was correlated
with intracoronary stenosis detected by MSCT in Japa-
nese SDB/OSA subjects, suggesting that any program
designed to prevent cardiovascular diseases in SDB/OSA
subjects should include continuous evaluation of meta-
bolic syndrome.

Study limitations
The present study has several limitations. First, all
patients in this study were Japanese males and any dif-
ferences from other ethnicities are unknown. Second,
there is bias in single center trials. Finally, based upon
80% power to detect statistically significant correlations
between CAD and the various parameters (p = 0.05;
two-sided, r = 0.5, a = 0.05, 1-b = 0.8), a sample size of
at least 38 patients was required to demonstrate. The

number of patients may be still small, and further inves-
tigations might be required to confirm the present
results.

Abbreviations
AHI: Apnea-hypopnea index; CAD: Coronary artery disease; CPAP: Continuous
positive airway pressure; CT: Computed tomography; CV: Coefficients of
variation; ESS: Epworth Sleepiness Scale; hs-CRP: high-sensitivity C-reactive
protein; MSCT: multislice computed tomography; OSA: obstructive sleep
apnea; SDB: sleep-disordered breathing; TBARS: thiobarbituric acid-reacting
substance.

Acknowledgements
We thank the staff of Yoshida Suimin-kokyu Clinic and Kenporen Osaka
Central Hospital for the excellent medical care and technical assistance, and
Mr, Jun-ichi Funahashi, Dr. Noriyuki Komura, Dr. Masaya Yamaoka, Dr. Ayumu
Hirata, Mr. Ryohei Sekimoto and Mrs. Miyuki Nakamura for the excellent
technical assistance. This research was supported in part by a Grant-in-Aid
for Scientific Research No. (C) 21591177 (Chiyoda-ku, Tokyo, to K.K.).

Author details
1Department of Metabolic Medicine, Graduate School of Medicine, Osaka
University, Suita, Osaka 565-0871, Japan. 2Department of Metabolism and
Atherosclerosis, Graduate School of Medicine, Osaka University, Suita, Osaka
565-0871, Japan. 3Department of Cardiology, Kenporen Osaka Central
Hospital, Kita-ku, Osaka 530-0001, Japan. 4Department of Internal Medicine,
Kenporen Osaka Central Hospital, Kita-ku, Osaka 530-0001, Japan. 5Yoshida
Suimin-kokyu Clinic, Nishi-ku, Osaka 550-0011, Japan. 6Department of
Metabolism and Atherosclerosis, Graduate School of Medicine, Osaka
University, 2-2 B-5, Yamada-oka, Suita, Osaka 565-0871, Japan.

Authors’ contributions
TN-M and KK researched and analyzed data. KK also participated in the
concept and design of the study, interpretation of data and reviewed/edited
the manuscript. YN, MN, CN, YN and KY collected the data. RY recruited the
patients. TF and IS contributed to discussion and wrote the manuscript. All
authors read and approved the final version of the manuscript.

Competing interests
Ken Kishida and Tohru Funahashi are members of the “Department of
Metabolism and Atherosclerosis”, a sponsored course endowed by Kowa Co.
Ltd. and a company researcher is dispatched to the course. All other authors
declare no competing interests.

Received: 20 January 2012 Accepted: 1 March 2012
Published: 1 March 2012

References
1. Shamsuzzaman AS, Gersh BJ, Somers VK: Obstructive sleep apnea:

implications for cardiac and vascular disease. JAMA 2003, 290:1906-1914.
2. Wolf J, Lewicka J, Narkiewicz K: Obstructive sleep apnea: an update on

mechanisms and cardiovascular consequences. Nutr Metab Cardiovasc Dis
2007, 17:233-240.

3. Wolk R, Somers VK: Cardiovascular consequences of obstructive sleep
apnea. Clin Chest Med 2003, 24:195-205.

4. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr : The occurrence of
sleep-disordered breathing among middle-aged adults. N Engl J Med
1993, 328:1230-1235.

5. Shinohara E, Kihara S, Yamashita S, Yamane M, Nishida M, Arai T, Kotani K,
Nakamura T, Takemura K, Matsuzawa Y: Visceral fat accumulation as an
important risk factor for obstructive sleep apnoea syndrome in obese
subjects. J Intern Med 1997, 241:11-18.

6. Vgontzas AN, Bixler EO, Chrousos GP: Metabolic disturbances in obesity
versus sleep apnoea: the importance of visceral obesity and insulin
resistance. J Intern Med 2003, 254:32-44.

7. Pillar G, Shehadeh N: Abdominal fat and sleep apnea: the chicken or the
egg? Diabetes Care 2008, 31:S303-S309.

8. Ramar K, Caples SM: Cardiovascular consequences of obese and
nonobese obstructive sleep apnea. Med Clin North Am 2010, 94:465-478.

Nakanishi-Minami et al. Diabetology & Metabolic Syndrome 2012, 4:6
http://www.dmsjournal.com/content/4/1/6

Page 5 of 6

http://www.ncbi.nlm.nih.gov/pubmed/14532320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14532320?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17314035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17314035?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12800778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12800778?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8464434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8464434?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9042088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9042088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9042088?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12823641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12823641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12823641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18227501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18227501?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20451027?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20451027?dopt=Abstract


9. Funahashi T, Nakamura T, Shimomura I, Maeda K, Kuriyama H, Takahashi M,
Arita Y, Kihara S, Matsuzawa Y: Role of adipocytokines on the
pathogenesis of atherosclerosis in visceral obesity. Intern Med 1999,
38:202-206.

10. Maeda K, Okubo K, Shimomura I, Funahashi T, Matsuzawa Y, Matsubara K:
cDNA cloning and expression of a novel adipose specific collagen-like
factor, apM1 (AdiPose Most abundant Gene transcript 1). Biochem
Biophys Res Commun 1996, 221:286-289.

11. Matsuzawa Y: Establishment of a concept of visceral fat syndrome and
discovery of adiponectin. Proc Jpn Acad Ser B Phys Biol Sci 2010,
86:131-141.

12. Nakagawa Y, Kishida K, Kihara S, Sonoda M, Hirata A, Yasui A, Nishizawa H,
Nakamura T, Yoshida R, Shimomura I, Funahashi T: Nocturnal reduction in
circulating adiponectin concentrations related to hypoxic stress in
severe obstructive sleep apnea-hypopnea syndrome. Am J Physiol
Endocrinol Metab 2008, 294:E778-E784.

13. Nakagawa Y, Kishida K, Kihara S, Yoshida R, Funahashi T, Shimomura I:
Nocturnal falls of adiponectin levels in sleep apnea with abdominal
obesity and impact of hypoxia-induced dysregulated adiponectin
production in obese murine mesenteric adipose tissue. J Atheroscler
Thromb 2011, 18:240-247.

14. Nakagawa Y, Kishida K, Mazaki T, Yokoi H, Nobuyoshi M, Funahashi T,
Shimomura I: Impact of sleep-disordered breathing, visceral fat
accumulation and adiponectin levels in patients with night-time onset
of acute coronary syndrome. Am J Cardiol 2011, 108:1266-1271.

15. Wilcox I, McNamara SG, Collins FL, Grunstein RR, Sullivan CE: ’Syndrome Z’:
The Interaction of sleep apnoea, vascular risk factors and heart disease.
Thorax 1998, 53:S25-S28.

16. Anonymous: Sleep-Related Breathing Disorders in Adults:
recommendations for syndrome definition and measurement
techniques in clinical research. The Report of an American Academy of
Sleep Medicine Task Force. Sleep 1999, 22:667-689.

17. Collop NA, Anderson WM, Boehlecke B, Claman D, Goldberg R, Gottlieb DJ,
Hudgel D, Sateia M, Schwab R, Portable Monitoring Task Force of the
American Academy of Sleep Medicine: Clinical guidelines for the use of
unattended portable monitors in the diagnosis of obstructive sleep
apnea in adult patients. Portable Monitoring Task Force of the American
Academy of Sleep Medicine. J Clin Sleep Med 2007, 3:737-747.

18. Johns MW: A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep 1991, 14:540-545.

19. Raff GL, Gallagher MJ, O’Neill WW, Goldstein JA: Diagnostic accuracy of
noninvasive coronary angiography using 64-slice spiral computed
tomography. J Am Coll Cardiol 2005, 46:552-557.

20. Wehrschuetz M, Wehrschuetz E, Schuchlenz H, Schaffler G: Accuracy of
MSCT Coronary Angiography with 64 Row CT Scanner-Facing the Facts.
Clin Med Insights Cardiol 2010, 4:15-22.

21. Teramoto T, Sasaki J, Ueshima H, Egusa G, Kinoshita M, Shimamoto K,
Daida H, Biro S, Hirobe K, Funahashi T, Yokote K, Yokode M: Metabolic
syndrome. J Atheroscler Thromb 2008, 15:1-5.

22. Kashine S, Kishida K, Funahashi T, Yasuda T, Okita K, Matsuzawa Y,
Shimomura I: Selective contribution of waist circumference reduction on
the improvement of sleep-disordered breathing in patients hospitalized
with type 2 diabetes mellitus. Intern Med 2011, 50:1895-1903.

23. Matsuzawa Y, Funahashi T, Nakamura T: The concept of metabolic
syndrome: contribution of visceral fat accumulation and its molecular
mechanism. J Atheroscler Thromb 2011, 18:629-639.

24. Sharma SK, Agrawal S, Damodaran D, Sreenivas V, Kadhiravan T, Lakshmy R,
Jagia P, Kumar A: CPAP for the metabolic syndrome in patients with
obstructive sleep apnea. N Engl J Med 2011, 365:2277-2286.

25. Marin JM, Carrizo SJ, Vicente E, Agusti AG: Long-term cardiovascular
outcomes in men with obstructive sleep apnoea-hypopnoea with or
without treatment with continuous positive airway pressure: an
observational study. Lancet 2005, 365:1046-1053.

doi:10.1186/1758-5996-4-6
Cite this article as: Nakanishi-Minami et al.: Metabolic syndrome
correlates intracoronary stenosis detected by multislice computed
tomography in male subjects with sleep-disordered breathing.
Diabetology & Metabolic Syndrome 2012 4:6.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Nakanishi-Minami et al. Diabetology & Metabolic Syndrome 2012, 4:6
http://www.dmsjournal.com/content/4/1/6

Page 6 of 6

http://www.ncbi.nlm.nih.gov/pubmed/10225688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10225688?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8619847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8619847?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20154470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20154470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21139317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21139317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21139317?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21840491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21840491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21840491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10193357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10193357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10450601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10450601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10450601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10450601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18198809?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1798888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1798888?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16053973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16053973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16053973?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20567636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20567636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18319538?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18319538?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21921366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21921366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21921366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21737960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21737960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21737960?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22168642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22168642?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15781100?dopt=Abstract

	Abstract
	Background
	Findings
	Conclusions
	Trial Registration

	Background
	Methods and procedures
	Participants
	Cardiorespiratory monitoring
	CT images
	Anthropometry and laboratory measurements
	Statistical analysis

	Results
	Characteristics of male subjects with SDB/OSA
	Relationship between CAD and various parameters
	Comparison of parameters in subjects without and with the metabolic syndrome

	Discussion
	Conclusion
	Study limitations
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


