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Study objectives: It has been suggested that sleep-disordered breathing (SDB) is a risk factor for
ischemic heart disease, and may be associated with increased morbidity and mortality due to
cardiovascular disease. The aim of this study was to examine the relation between nocturnal
oxygen desaturation (NOD) due to SDB and the Gensini score, which is given to define the
severity of coronary atherosclerosis, based on coronary angiograms findings, in patients with
coronary artery disease.
Design: We examined the NOD index (ODI) (desaturation of > 3%/events per hour) using pulse
oximetry in 59 consecutive patients with coronary artery disease (ejection fraction, > 40%) that
was diagnosed by coronary angiography, 30 patients with angina pectoris and 29 patients with old
myocardial infarction. The Gensini score was calculated for each patient from the coronary
arteriogram. The patients were classified into the following three groups according to the
severity of oxygen desaturation: ODI of < 5 events per hour (group N; 16 patients); ODI of � 5
but < 15 events per hour (group A; 27 patients); and ODI of � 15 events per hour (group B; 16
patients). The groups then were examined for the relation between the ODI and the Gensini
score.
Results: Of the total number of patients, 72.9% had a nocturnal ODI of more than five events per
hour. The Gensini score was significantly higher in groups A and B than in group N, and showed
a significant positive correlation with the ODI (R � 0.45; p � 0.01) in all patients. Multiple
regression analysis showed that the ODI was the most significant, independent determinant of
the Gensini score among the coronary risk factors tested, and that it explained 13.4% of the
variance.
Conclusion: These findings suggest that NOD due to SDB may be an important contributor to
coronary atherosclerosis in the patients with cardiovascular disease.
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S leep-disordered breathing (SDB) is characterized
by frequent apneas and/or hypopneas with oxy-

gen desaturation during sleep. SDB is a risk factor

for ischemic heart disease, and may be associated
with increased morbidity and mortality due to car-
diovascular disease.1–4 Repetitive apneas and hyp-
opneas cause intermittent hypoxia, hypercapnia,
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arousal, and disturbed sleep, either singly or in
combination, which may result in increased sympa-
thetic activation, alterations in BP, and vascular
atherogenic changes.5–8 Sleep apnea is associated
with myocardial ischemia and nocturnal angina.9–11
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Mooe et al12 reported that patients with coronary
artery disease have a high incidence of SDB as
determined by an oxygen desaturation index (ODI)
of � 5, (men, 39%; women, 34%) or by an apnea-
hypopnea index of � 10 (men, 37%; women, 30%).
The mean ODI in patients with cardiovascular dis-
ease is significantly greater than that in control
subjects. A high incidence of sleep apnea is also
observed in patients with nocturnal angina, and the
angina is diminished during continuous positive air-
way pressure treatment of sleep apnea (as shown by
a reduction in the number of nocturnal myocardial
ischemic events measured by computerized vector-
cardiography).11 It also has been suggested that
overnight repetitive hypoxia due to apnea and hy-
popnea represents a form of oxidative stress in
patients with obstructive sleep apnea, and that it may
activate endothelial cells and leukocytes, resulting in
the increased expression of adhesion molecules on
these cells and in increased generation of reactive
oxygen species.6,8,13–15 These reactive oxygen species
and lytic enzymes may injure the endothelium and
trigger vascular atherogenic processes. Thus, inter-
mittent hypoxemia due to SDB may be an important
risk factor for the development of atherosclerosis. To
clarify whether nocturnal oxygen desaturation
(NOD) due to SDB is an important predictor of the
development of coronary atherosclerosis, we exam-
ined the relation between the overnight ODI and
the severity of coronary atherosclerosis determined
angiographically in patients with cardiovascular
disease.

Materials and Methods

Patients

All patients with ischemic heart disease who were hospitalized
at Shinshu University Hospital between June 2000 and October
2001 for the diagnosis of chest pain or for the follow-up of old
myocardial infarction by cardiac catheterization were considered
candidates for the present study. Fifty-nine consecutive patients
with angiographically diagnosed cardiovascular disease (angina
pectoris, 30 patients [23 men and 7 women]; old myocardial
infarction, 29 patients [25 men and 4 women]) were enrolled in
this study. Eligible patients had no history of cardiac decompen-
sation or cerebral infarction, an ejection fraction of � 40%, and
a stable disease condition that had been achieved medically.
Patients were excluded if they had received oxygen therapy, had
COPD or daytime hypoxemia, or were regularly using hypnotic
agents. Study patients ranged in age from 30 to 85 years (mean,
64 years; median, 67 years). All patients met the New York Heart
Association or Canadian Cardiovascular Society class I or II
criteria. Five patients (8.4%) were being treated with �-blockers,
all patients were receiving nitrite, 55 patients (92%) were
receiving calcium antagonists, and 48 patients (81%) were receiv-
ing angiotensin-converting enzyme inhibitors. All patients under-
went coronary arteriography and left ventriculography after
serum levels of hemoglobin (Hb) AIc, total cholesterol, triglycer-

ides, high-density lipoprotein-cholesterol (HDL-C), uric acid,
and brain natriuretic peptide had been determined. The Shinshu
University ethics committee approved the study, and all patients
provided informed consent.

Monitoring NOD

Nocturnal oximetry was performed on one night within 1 week
before or after cardiac catheterization. Pulse oximetric saturation
(Spo2) was determined from 10:00 pm to 6:00 am while the
patient was in bed. Measurement was by pulse oximeter (Pulsox-
24M; Teijin Ltd; Osaka, Japan), which was attached to the
subject’s finger with a flexible probe. The oximeter detects 12
data points per minute, with each point representing the lowest
saturation determined for a 5-s interval. A desaturation event
occurred when the Hb-oxygen saturation level fell to � 3% below
the baseline saturation level. Baseline saturation was defined as
the mean saturation of the previous minute. If oxygen saturation
fell � 3% during the 90 to 100% saturation interval, it also was
considered to be desaturation. The signals were digitized and
recorded by means of the software included with the oximeter.
We eliminated artifacts caused by body movement by using the
data analyzing system (DS-M; Teijin Ltd) accompanied by the
pulse oximeter (Pulsox-24M) as follows: the pulse oximeter
calculates the oxygen saturation from the ratio of the transmission
rate of two wavelengths (red and infrared), which are output
approximately 30 times per second. If this ratio is rated as
abnormal, compared to the previous data, during measurement a
body movement mark is attached to the data concerned. All data
labeled with the body movement mark were automatically ex-
cluded from analysis. The data analyzing system is also capable of
attaching the marker to data at any point in time. Therefore, it
allows the analysis of data within the mark-attached period of
time or outside the mark-attached period of time. Making use of
this function, we can manually exclude the data labeled with the
mark from analysis. We eliminated artifacts by using these
methods.

The ODI (ie, the total number of desaturation events divided
by the number of hours the patient was in bed) was calculated for
each subject. If the patient had slept � 6 h, as noted by the
patients themselves and observed by nurses, oximetry was per-
formed again on the next day. The subjects were divided into the
three groups according to their ODI as follows: normal ODI of
� 5 events per hour (group N; 16 patients); ODI of � 5 and � 15
events per hour (group A; 27 patients); and ODI of � 15 events
per hour (group B; 16 patients). Daytime sleepiness was assessed
by the Epworth sleepiness scale (ESS).

Assessment of Coronary Atherosclerosis by Coronary
Angiography

The Gensini score16 was calculated for each patient from the
coronary arteriogram, and the left ventricular ejection fraction
was determined from the left ventriculogram. The Gensini score
was computed by assigning a severity score to each coronary
stenosis according to the degree of luminal narrowing and its
geographic importance. Reduction in the lumen diameter, and
the roentgenographic appearance of concentric lesions and ec-
centric plaques were evaluated (reductions of 25%, 50%, 75%,
90%, 99%, and complete occlusion were given Gensini scores of
1, 2, 4, 8, 16, and 32, respectively). Each principal vascular
segment was assigned a multiplier in accordance with the
functional significance of the myocardial area supplied by that
segment: the left main coronary artery, � 5; the proximal seg-
ment of left anterior descending coronary artery (LAD), � 2.5;
the proximal segment of the circumflex artery, � 2.5; the mid-
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segment of the LAD, � 1.5; the right coronary artery, the distal
segment of the LAD, the posterolateral artery, and the obtuse
marginal artery, � 1; and others, � 0.5.

Statistical Analysis

Data are shown as the mean � SD. Differences between
groups were analyzed by one-way analysis of variance and then by
unpaired t test, Mann-Whitney U test, or �2 test, as needed for
multiple comparisons. Correlation between variables was exam-
ined by calculating the Pearson product correlation coefficient.
Multiple, stepwise, linear regression analysis also was performed
to identify which variables, including the presence of hyperten-
sion, diabetes, and hyperlipidemia and values of age, Brinkman
index, body mass index, ESS, and laboratory and oximetry
variables, best explained the variance in the Gensini score. A p
value of � 0.15 was used first to identify candidate variables, and
then removed variables from the regression model if p value was
� 0.1. Results are expressed as the percentage of the variance of
the Gensini score. All statistical analyses were performed with the
use of a compatible software program (Stat Flex for Windows,
version 5.0; Artech Ltd; Osaka, Japan). A p value of � 0.05 was
considered to be significant.

Results

Clinical characteristics and serum profiles of pa-
tients in the three study groups are summarized in
Table 1. There were no significant between-group
differences in age, the incidence of angina pectoris
or old myocardial infarction, smoking history, or
body mass index. Neither were there significant
differences in the frequency of hypertension, diabe-

tes, or hyperlipidemia, or in levels of HbAIc, tri-
glycerides, HDL-C, or uric acid. The only significant
difference seen for traditional coronary risk factors
was in serum cholesterol values, which were lower in
group A than in group N. There were also no
significant differences in the medications that pa-
tients were receiving.

The results of NOD analysis and ESS are shown in
Table 2. In all subjects, the waking Spo2 was within
the normal range. There were no significant be-
tween-group differences in the waking Spo2, and no
significant correlations between the waking Spo2 and
the ODI. In all, 72.9% of patients had a nocturnal
ODI that increased to � 5. The mean nadir Spo2 (ie,
the mean of the lowest Spo2 for each desaturation
event) and the lowest Spo2 (ie, the lowest Spo2
lasting for � 4 s during the night) were significantly
lower in groups A and B than in group N. The ESS
score was significantly higher in group B than in
group N.

Patients’ cardiac conditions are summarized in
Table 3. The prevalence of multivessel disease was
50% in group N, 52% in group A, and 75% in group
B. There were no significant between-group differ-
ences in serum brain natriuretic peptide level or
ejection fractions. The Gensini scores increased in
accordance with increases in the ODI, and the scores
in groups A and B were significantly higher than
those in group N (Fig 1). There was a significant
positive correlation between the Gensini score and

Table 1—Comparisons of Coronary Risk Factors in the Three Groups Classified in Accordance With the
Severity of ODI*

Variables Group N (n � 16) Group A (n � 27) Group B (n � 16)

Age, yr 65 � 12 66 � 10 67 � 9
Patients, No.

Male
Angina pectoris 7 9 7
Old myocardial infarction 7 12 6

Female
Angina pectoris 2 3 3
Old myocardial infarction 0 3 1

Smoking
Current 8 13 7
Former or never 8 14 9

Brinkman index, pack-yr 27.4 � 32.1 25.4 � 27.4 22.8 � 24.5
Body mass index, kg/m2 3.9 � 2.0 23.2 � 2.9 24.3 � 3.7
Hypertension 9 (56) 18 (66) 12 (75)
Diabetes 5 (31) 10 (38) 8 (50)
Hyperlipidemia 6 (38) 8 (30) 5 (31)
HbAIc, mg/dL 5.9 � 1.3 5.4 � 0.8 5.5 � 0.8
Total cholesterol, mg/dL 197.8 � 37.1 175.3 � 25.7† 185.3 � 36.3
Triglyceride, mg/dL 154.8 � 84.8 136.9 � 86.6 138.3 � 71.8
HDL-C, mg/dL 46.4 � 14.5 51.9 � 12.5 49.6 � 12.6
Uric acid, mg/dL 6.2 � 1.5 5.5 � 1.8 5.4 � 1.2

*Values given as mean � SD or No. (%), unless otherwise indicated.
†p � 0.05 (vs group N).
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the ODI (R � 0.45; p � 0.01) in all patients. The
regression model explained 14.9% of the variance in
the Gensini score (59 patients; model: R � 0.423;
F � 6.09; p � 0.0041) with the following indepen-
dent determinants: ODI (partial R2 � 0.134;
p � 0.0046); and ESS (partial R2 � 0.051;
p � 0.088). Hypertension, diabetes, and hyperlipid-
emia, and traditional coronary risk factors were not
significant determinants of the Gensini score in this
study population. The ODI was the most significant
independent determinant for the Gensini score.

Discussion

It has been shown that patients with cardiovascu-
lar disease have a high prevalence of SDB and of
oxygen desaturation accompanied by SDB.17,18 A
temporal association exists between nocturnal myo-
cardial ischemia and sleep apnea and hypopnea or
desaturation in some patients with nocturnal ST-
segment depression.10 Thus, SDB may be an inde-
pendent predictor of cardiovascular disease. In the
present study, patients with ischemic heart disease

had a high prevalence of increased NOD events (� 5
events per hour). Several reports have described an
association between congestive heart failure and
Cheyne-Stokes respiration, which may be due to the
stimulation of the pulmonary vagal afferents by
pulmonary congestion and to elevated left ventricu-
lar filling pressure.19 Thus, we excluded patients with
episodes of cardiac decompensation or poor cardiac
function, as indicated by an ejection fraction of
� 40%, to eliminate the effects of Cheyne-Stokes
respiration resulting from congestive heart failure.
Hence, there were no significant between-group
differences in ejection fraction or serum levels of
brain natriuretic peptide. Therefore, Cheyne-Stokes
respiration was not likely a factor in the increased
incidence of NOD, although it was not possible to
completely rule this out.

It has been shown, on the basis of increased
plasma levels of intercellular adhesion molecule-1,
vascular cell adhesion molecule-1, L-selectin, soluble
E-selectin,13 and tumor necrosis factor-�,20 the in-
creased expression of adhesion molecules to endo-
thelial cells on monocytes, and the increased produc-
tion of reactive oxygen species from neutrophils and
monocytes, that endothelial cells and inflammatory
leukocytes are activated in patients with obstructive
sleep apnea.8,14,15 Treatment with continuous posi-
tive airway pressure decreases the expression of
adhesion molecules and increases the production of
reactive oxygen species.21 Thus, activated leukocytes
that adhere to endothelial cells may injure the
endothelium, trigger the atherogenic process, and
play a role in the pathophysiology of cardiovascular
morbidity in patients with SDB. However, no reports
have discussed a direct association between SDB or
repetitive NOD and coronary atherosclerosis.

We found the Gensini score to be significantly
higher in patients with an increased number of NOD
events and significantly correlated with the nocturnal
ODI. Furthermore, multiple regression analysis of

Table 2—Analysis of Nocturnal Oxygen Saturation and ESS in the Three Groups*

Variables Group N (n � 16) Group A (n � 27) Group B (n � 16)

ODI, events/h 1.1 � 0.6 8.9 � 3.1† 27.5 � 18.9†‡
Spo2, %

Awake 96.2 � 1.0 95.8 � 1.2 96.0 � 1.2
Mean 95.3 � 0.8 94.5 � 1.7 94.6 � 1.3
Mean nadir 92.5 � 1.0 91.2 � 2.5† 89.6 � 3.2†
Lowest 88.2 � 4.3 81.3 � 8.2† 81.2 � 7.8†
� 90% 0.6 � 0.7 4.4 � 9.1 6.4 � 13.8

Mean pulse rate, beats/min 62.6 � 7.8 62.7 � 12.8 56.6 � 8.9
ESS 7.2 � 3.6 7.6 � 3.9 9.8 � 4.2†

*Values given as mean � SD.
†p � 0.05 (vs group N).
‡p � 0.01 (vs group A).

Table 3—Comparison of Coronary Arteriography and
Left Ventriculography Data and Serum Brain

Natriuretic Peptide Levels in the Three Groups*

Variables
Group N
(n � 16)

Group A
(n � 27)

Group B
(n � 16)

Diseased vessels, No.
1 8 13 4
2 6 9 8
3 2 5 4

Gensini score 21.3 � 17.1 31.7 � 13.6† 37.2 � 22.7†
Ejection fraction, % 51.4 � 10.2 53.6 � 11.7 53.3 � 12.7
BNP, pg/mL 141.6 � 91.6 119.2 � 109.6 132.7 � 99.6

*Values given as mean � SD, unless otherwise indicated.
BNP � brain natriuretic peptide.

†p � 0.05 (vs group N).
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coronary risk factors showed that the ODI was the
most significant independent determinant of the
severity of coronary atherosclerosis, and that it ex-
plained 13.4% of the variance of the Gensini score.
Although polysomnography may provide for detailed
information about sleep time and the type of SDB,
which is a more convincing conclusion, we replaced
polysomnography with pulse oximetry for assessing
SDB because all study patients were undergoing
evaluation by cardiac catheterization for various dis-
ease conditions. Under these circumstances, we be-
lieved polysomnography could impose undue stress
on patients. Repetitive hypoxemia may play an im-
portant role in triggering the atherogenic process in
patients with SDB. It has been shown that the
exposure of monocytes to hypoxia in vitro increases
CD15 expression on monocytes and that the subse-
quent reoxygenation of these cells further increases
CD15 expression.14 Thus, intermittent hypoxia such
as that seen in sleep apneas represents a form of
oxidative stress leading to the activation of endothe-
lial cells and leukocytes and to the increased expres-
sion of adhesion molecules, resulting in the in-
creased generation of reactive oxygen species. These
reactive oxygen species and lytic enzymes may injure
the endothelium and trigger vascular atherogenic
processes. These findings suggest that overnight
repetitive hypoxemia due to SDB may contribute to
the development of atherosclerosis of the coronary
artery. Other mechanisms also may be implicated in

the association between SDB and the development
of cardiovascular disease.22–24 Lanfranchi et al22 re-
ported that the detrimental effects of SDB-caused
sleep disruption on cardiac function are mediated by
the induction of both hemodynamic changes and
sympathetic hyperactivity. Sympathetic hyperactivity
increases the risk of thrombotic events through
platelet activation and also contributes to hyperten-
sion,7,24 which may in turn contribute to the devel-
opment of coronary atherosclerosis.

We found Gensini scores to be significantly high in
patients with an increased ODI and significantly
correlated with the nocturnal ODI. Hence, repeti-
tive NOD due to SDB is an important and indepen-
dent risk factor for the development of coronary
atherosclerosis. Repetitive hypoxia also exacerbates
myocardial ischemia, which may worsen the progno-
sis of patients with cardiovascular disease. Therefore,
patients with cardiovascular disease should be
screened for the presence of NOD due to SDB.

References
1 Hung J, Whitford EG, Parsons RW, et al. Association of sleep

apnoea with myocardial infarction in men. Lancet 1990;
336:261–264

2 Partinen M, Jamieson A, Guilleminault C. Long-term out-
come for obstructive sleep apnea syndrome patients: mortal-
ity. Chest 1988; 94:1200–1204

3 Schafer H, Koehler U, Ploch T, et al. Sleep-related
myocardial ischemia and sleep structure in patients with

Figure 1. Comparison of Gensini scores in patients with coronary artery disease classified by ODI.
ODI scores refer to the number of oxygen desaturation events per hour.

940 Clinical Investigations

Downloaded From: http://journal.publications.chestnet.org/ on 08/30/2016



obstructive sleep apnea and coronary disease. Chest 1997;
111:387–393

4 Moruzzi P, Sarzi-Braga S, Rossi M, et al. Sleep apnea in
ischaemic heart disease: differences between acute and
chronic coronary syndromes. Heart 1999; 82:343–347

5 Podszus TE. Hemodynamics in sleep apnea. Prog Clin Biol
Res 1990; 345:353–359

6 Prabhakar NR. Sleep apnea: an oxidative stress? Am J Respir
Crit Care Med 2002; 165:859–860

7 Grote L, Ploch T, Heitmann J, et al. Sleep-related breathing
disorder is an independent risk factor for systemic hyperten-
sion. Am J Respir Crit Care Med 1999; 160:1875–1882

8 Ichikawa H, Flores S, Kvietys PR, et al. Molecular mecha-
nisms of anoxia/reoxygenation-induced neutrophil adherence
to cultured endothelial cells. Circ Res 1997; 81:922–931.

9 Mooe T, Rabben T, Wiklund U, et al. Sleep-disordered
breathing in men with coronary artery disease. Chest 1996;
109:659–663

10 Mooe T, Franklin KA, Wiklund U, et al. Sleep-disordered
breathing and myocardial ischemia in patients with coronary
artery disease. Chest 2000; 117:1597–1602

11 Franklin KA, Nilsson JB, Sahlin C, et al. Sleep apnoea and
nocturnal angina. Lancet 1995; 345:1085–1087

12 Mooe T, Rabben T, Wiklund U, et al. Sleep-disordered
breathing in women: occurrence and association with coro-
nary artery disease. Am J Med 1996; 101:251–256

13 Ohga E, Nagase T, Tomita T, et al. Increased levels of
circulating ICAM-1, VCAM-1, and L-selectin in obstructive
sleep apnea syndrome J Appl Physiol 1999; 87:10–14

14 Dyugovskaya L, Lavie P, Lavie L. Increased adhesion mole-
cules expression and production of reactive oxygen species in
leukocytes of sleep apnea patients. Am J Respir Crit Care
Med 2002; 165:934–939

15 Schulz R, Mahmoudi S, Hattar K, et al. Enhanced release of

superoxide from polymorphonuclear neutrophils in obstruc-
tive sleep apnea. Am J Respir Crit Care Med 2000; 162:566–
570.

16 Gensini GG. A more meaningful scoring system for deter-
mining the severity of coronary heart disease. Am J Cardiol
1983; 51:606–607

17 Eyal S, Coralyn WW, Susan R, et al. Sleep-disordered
breathing and cardiovascular disease: cross-sectional result of
the Sleep Heart Health Study. Am J Respir Crit Care Med
2001; 163:19–25

18 Marin JM, Carrizo SJ, Kogan I. Obstructive sleep apnea and
acute myocardial infarction: clinical implications of the asso-
ciation. Sleep 1998; 21:809–815

19 Solin P, Bergin P, Richardson M, et al. Influence of pulmo-
nary capillary wedge pressure on central apnea in heart
failure. Circulation 1999; 99:1574–1579

20 Vgontzas AN, Bixler EO, Papanivolaou D, et al. Plasma
concentration of tumor necrosis factor alpha (TNF), interleu-
kin-6 (IL-6) and leptin are elevated in sleep apnea indepen-
dent of obesity [abstract]. Sleep 1999; 22:S331

21 Chin K, Nakamura T, Shimizu K, et al. Effects of nasal
continuous positive airway pressure on soluble cell adhesion
molecules in patients with obstructive sleep apnea syndrome.
Am J Med 2000; 109:562–567.

22 Lanfranchi PA, Braghiroli A, Bosimini E, et al. Prognostic
value of nocturnal Cheyne-Stokes respiration in chronic heart
failure. Circulation 1999; 99:1435–1440

23 Wessendorf T, Thilmann A, Wang Y, et al. Fibrinogen levels
and obstructive sleep apnea in ischemic stroke. Am J Respir
Crit Care Med 2000; 162:2039–2042

24 Lavie P, Herer P, Hoffstein V, et al. Obstructive sleep apnea
syndrome as a risk factor for hypertension: population study.
BMJ 2000; 320:479–482

www.chestjournal.org CHEST / 124 / 3 / SEPTEMBER, 2003 941

Downloaded From: http://journal.publications.chestnet.org/ on 08/30/2016


