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Abstract. – OBJECTIVE: The purpose of this 
study was to investigate the relationship of ob-
structive sleep apnea hypopnea syndrome 
(OSAHS) with coronary artery lesion quantita-
tive score Syntax Score (SX score) and risk fac-
tors for coronary heart disease (CHD).

PATIENTS AND METHODS: A total of 115 pa-
tients with OSAHS admitted to the Department of 
Cardiology in our hospital from January 2011 to 
June 2015 were selected. Philips Respironics Al-
ice 5 Polysomnography was used for sleep mon-
itoring. The patients were divided into mild group 
(n=32), moderate group (n=36) and severe group 
(n=47) according to apnea hypopnea index (AHI). 
Coronary angiography was performed for the pa-
tients, and SX score was calculated. Fasting ve-
nous blood was extracted from all patients with 
OSAHS and sent for detection of blood routine, 
coagulation, liver and kidney function, blood lipid 
and other indexes, and all patients received color 
Doppler echocardiography.

RESULTS: The body weight and body mass 
index (BMI) of patients with OSAHS in severe 
group were higher than those in the mild group 
and moderate group (p<0.05). The content of fi-
brinogen (FIB) of patients in severe group was 
higher than that in mild group (p<0.01). The lev-
els of total cholesterol (TC) (p<0.05), blood uric 
acid (p<0.05), and serum creatinine (p<0.01) of 
patients in the severe group were significantly 
higher than those in mild group and moderate 
group, but there were no differences between 
mild group and moderate group (p>0.05). Echo-
cardiography suggested that the left atrium di-
ameter 1 (LAD) and pulmonary artery pressure 
(PAP) of patients in severe group were larg-
er than those in the mild group and moder-
ate group (p<0.01), and the right ventricle an-
teroposterior diameter (RVD) in the mild group 
was smaller than those in the moderate group 
(p<0.05) and severe group (p<0.01). The score 
of patients with OSAHS in the severe group was 
higher than those in the mild group and moder-
ate group (p<0.01), and SX score was increased 
with AHI (r=0.416, p<0.01). Logistic regression 
analysis showed that AHI and SX score could 

not be used as indicators to judge the progno-
sis of patients.

CONCLUSIONS: There is a positive correla-
tion between AHI and SX score in patients with 
OSAHS, indicating that with the aggravation of 
respiratory sleep disorder, SX score is increased 
significantly and the severity of coronary artery 
lesion is increased accordingly.
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Introduction

Obstructive sleep apnea hypopnea syndrome 
(OSAHS) is a common and frequently-occurring 
disease, clinically manifested as irregular snor-
ing, and sleep rhythm disorders, and often ac-
companied by hypertension, chronic pulmonary 
heart disease, type 2 diabetes, stroke, coronary 
heart disease (CHD) and so on1-5. The effects of 
OSAHS on the cardiovascular system are similar 
to the traditional risk factors of CHD known to 
us (diabetes mellitus, hypertension, obesity, etc.). 
Epidemiological data suggest that cardiovascular 
disease and related mortality have a causal link 
with OSAHS2-4. The coronary artery calcification 
score was detected with Computerized Tomogra-
phy (CT). The results suggested that the risk of 
CHD in the patients with OSAHS is increased 
and the degree of coronary artery lesion is higher. 
Sharma found that the stenosis degree of coro-
nary artery lesion is more serious in patients with 
OSAHS than that in patients without OSAHS, 
and OSAHS patients are more prone to multiple 
vessel lesions.

The Synergy between Percutaneous Coro-
nary Intervention with TAXUS and Cardiac 
Surgery (SYNTAX research) has introduced 
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the concept of SYNTAX score (SX score) 
based on American Heart Association (AHA), 
American College of Cardiology (ACC)/AHA, 
Leaman and other score systems, as well as ex-
pert opinions6. SX score is a new score system 
for risk stratification based on the anatomical 
characteristics of coronary artery lesion7-10. It 
evaluates the complexity of coronary artery le-
sion quantitatively according to the lesion lo-
cation, severity, bifurcation, calcification, and 
other anatomical characteristics. In this study, 
through comparisons of blood routine, coagu-
lation, biochemical indexes, echocardiography 
and coronary artery SX score among patients 
with mild, moderate and severe OSAHS, the 
correlation between OSAHS and clinical indi-
cators was analyzed, and the effects of OSAHS 
on the severity of coronary artery lesions were 
discussed.

Patients and Methods

Patients
A total of 115 patients hospitalized in Depart-

ment of Cardiology in our hospital from January 
2011 to June 2015 and diagnosed with OSAHS by 
Polysomnogram (PSG) were included in this in-
vestigation. There were 86 males and 29 females, 
aged 36-78 years old, with an average age of 
(56.38±8.74) years old. The patients received cor-
onary angiography in the same period of hospital-
ization. Exclusion criteria: a. Patients with serious 
liver and kidney dysfunction. b. Patients undergo-
ing continuous positive airway pressure (CPAP). 
c. Patients using respiratory depressant (such as 
diazepam). This study was approved by the Ethics 
Committee of Suzhou Kowloon Hospital, Shang-
hai Jiaotong University. Signed written informed 
consents were obtained from all participants.

Methods
Clinical data: age, sex, smoking history, history 

of hypertension, history of diabetes mellitus, weight, 
height and other general conditions of the patients 
were collected and recorded. Fasting venous blood 
was collected and sent for determination of blood 
routine, coagulation, biochemical and other indexes, 
and the patients received echocardiography.

Sleep apnea monitoring: all patients underwent 
PSG with Philips Respironics Alice 5 Polysom-
nography (PSG) in the sleep treatment room 
after hospitalization. Patients with OSAHS were 
grouped according to the apnea hypopnea index 

(AHI): mild group (5 times/h<AHI<15 times/h), 
moderate group (15 times/h<AHI<30 times/h) 
and severe group (AHI>30 times/h).

SX score calculation: Coronary angiography 
was performed on all selected patients. Accor-
ding to the SX score scoring method, all vessels 
with a diameters ≥ 1.5 mm and all vessels with 
diameter stenosis of intraluminal lesion ≥ 50% 
should be scored. The left and right dominant 
types of the coronary artery, the weight of the 
vessels in the lesion site, and the severity of the 
lesions in patients were recorded, including co-
arctation of diameter of coronary artery, total 
occlusion, trifurcation lesions, double bifurca-
tion lesions, lesions of aortic orifice, severe va-
scular tortuosity, lesion length >20 mm, throm-
bus, and diffuse lesions infiltrating into small 
vessels. SYNTAX Score Calculator was used to 
calculate SX score. 

Follow-up: all patients were regularly followed 
up by phone or outpatient visit every 3 months 
after discharge from the hospital. The occurrence 
of major adverse cardiovascular and cerebrova-
scular events (MACCE) in patients was recorded. 
Primary endpoint: all-cause mortality. Secondary 
endpoints: stroke (cerebral infarction, cerebral 
hemorrhage), myocardial infarction and revascu-
larization again.

Statistical Analysis
All statistics were performed using Statisti-

cal Product and Service Solutions (SPSS) 20.0 
software (IBM Corp., Armonk, NY, USA). Nor-
mal-distributed quantitative data were expressed 
as (x– ± s). One-way analysis of variance (ANOVA) 
was used in comparisons among multiple groups, 
and least significant digit (LSD) method was 
used for comparisons between two groups. Enu-
meration data were compared by x2-test. Spear-
man correlation test was used for the correlation 
analysis. Logistic regression analysis was used to 
evaluate relevant risk factors. p<0.05 suggested 
statistical significance.

Results

Comparisons of General Conditions
There were no statistically significant differ-

ences in the age, sex, height, hypertension, diabe-
tes mellitus and the proportion of smokers among 
three groups of patients with OSAHS (p>0.05). 
The body weight and BMI level of patients with 
OSAHS in the severe group were higher than 
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those in the mild group and moderate group 
(p<0.05) (Table I).

Comparisons of Laboratory Indexes
There were no significant differences in the 

contents of red blood cell (RBC), platelet (Plt), 
hemoglobin (Hb) and dimer among three groups 
(p>0.05). The content of fibrinogen (FIB) in the 
severe group was higher than that in the mild 
group (p<0.01). There were no statistically signif-
icant differences in low-density lipoprotein-cho-
lesterol (LDL-c), high-density lipoprotein cho-
lesterol (HDL-c), thyroglobulin (TG), aspartate 
aminotransferase (AST) and alanine aminotrans-
ferase (ALT) among three groups of patients with 
OSAHS (p>0.05). The levels of total cholesterol 
(TC) (p<0.05), uric acid (p<0.05) and serum cre-
atinine (p<0.01) in the severe group were higher 
than those in the mild group and moderate group, 
but there were no differences between the mild 
group and the moderate group (p>0.05) (Table II).

Comparisons of Echocardiographic 
Indexes

Echocardiography showed that there were no 
statistically significant differences in left ven-
tricular end-diastolic diameter (LVD) and left 
ventricular ejection fraction (LVEF) among 
three groups (p>0.05). The left atrium diameter 
1 (LAD) and pulmonary artery pressure (PAP) 
in the severe group were larger than those in the 
mild group and moderate group (p<0.01). The 
right ventricle anteroposterior diameter (RVD) 
in the mild group was smaller than those in 
the moderate group (p<0.05) and severe group 
(p<0.01) (Table III).

Comparisons of Coronary Artery SX 
Score in Patients with OSAHS Among 
Mild Group, Moderate group and Severe 
Group

SX score of patients with OSAHS in the severe 
group was higher than those in the mild group and 

Table I. Comparisons of general conditions among different OSAHS level groups.

	 Mild group 	 Moderate	 Severe group
	 (n=32)	 group (n=36)	 (n=47)	 F/χ2

Age (y)	 57.34±7.96	 56.89±8.32	 57.47±9.22	 0.328
Male/Female	 21/11	 29/7	 39/8	 2.346
Hypertension n (%)	 21 (65.63)	 25 (69.44)	 38 (80.85)	 3.245
Diabetes n (%)	 6 (18.75)	 5 (13.89)	 9 (19.15)	 0.719
History of smoking n (%)	 18 (56.25)	 26 (72.22)	 30 (63.83)	 2.447
Height (cm)	 170.12±8.48	 169.27±7.53	 171.08±7.64	 1.623
Weight (kg)	 75.95±11.83	 76.14±13.91	 85.27±12.78*	 8.128
BMI (kg/m2)	 25.89±2.99	 26.45±4.34	 28.36±3.92*	 6.349

Note: *p<0.05 in comparison with mild and moderate OSAHS group.

Table II. Comparisons of laboratory indexes among different OSAHS level groups.

	 Mild group 	 Medium	 Severe group
	 (n=32)	 group (n=36)	 (n=47)	 F/χ2

RBC (1012/L)	 4.52 ± 0.47	 4.56 ± 0.33	 4.49 ± 0.51	 2.125
Hb (g/L)	 133.17 ± 14.72	 138.46 ± 12.64	 140.54 ± 13.83	 1.639
Plt (109/L)	 196.09 ± 57.19	 223.25 ± 65.57	 220.34 ±53.48	 1.107
D-D (ug/mL)	 0.26 ± 0.20	 0.27 ± 0.22	 0.28 ± 0.21	 0.074
FIB (g/L)	 2.93 ± 0.69	 3.18 ± 1.05	 3.46 ± 0.87**	 3.673
TC (mmol/L)	 4.71 ± 0.86	 4.82 ± 0.73	 5.14 ± 0.69*	 5.215
LDL-c (mmol/L)	 2.85 ± 0.82	 2.74 ± 0.76	 3.05 ± 0.74	 2.338
HDL-c (mmol/L)	 1.24 ± 0.43	 1.32 ± 0.39	 1.15 ± 0.45	 4.248
TG (mmol/L)	 2.13 ± 1.15	 2.15 ± 1.08	 2.20 ± 0.96	 0.416
AST (U/L)	 24.32 ± 14.47	 26.35 ± 12.92	 27.78 ± 11.28	 1.291
ALT (U/L)	 23.28 ± 8.16	 24.74 ± 9.73	 26.32 ± 10.24	 2.354
UA (umol/L)	 323.16 ± 72.51	 335.27 ± 87.15	 372.83 ± 88.49*	 5.162
Cr (umol/L)	 68.34 ± 15.28	 69.59 ± 14.83	 82.67 ± 17.52**	 8.936

Note: *p<0.05; **p<0.01 in comparison with mild and moderate OSAHS group.
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moderate group (p<0.01), and SX score was in-
creased with AHI (r=0.416, p<0.01). 

Analysis of risk Factors Related to 
MACCE in Patients with OSAHS

The occurrence of MACCE was used as the 
dependent variable, where no MACCE was de-
fined as “0”, and the occurrence of MACCE was 
defined as “1”. The body weight, BMI, FIB, TC, 
blood uric acid, creatinine, LAD, RVD, PAP, 
and coronary artery SX score were used as in-
dependent variables for Logistic regression anal-
ysis. The results showed that the above indexes 
failed to serve as independent risk factors for 
the occurrence of MACCE in OSAHS patients 
(p>0.05) (Table IV).

Discussion

OSAHS can cause multiple-system and mul-
tiple-organ damage in the whole body1. Obesity, 
sex, age, smoking are all-important factors af-
fecting the prevalence of OSAHS and the severity 
of the disease2-4. The results of this investigation 
showed that as the body weight and BMI were 

increased, the severity of OSAHS was increased. 
This conclusion is consistent with previous find-
ings. Possible mechanisms include: 1) Obesity 
causes excessive accumulation of adipose tissue 
in the pharyngeal airways and compression of 
neck fat. 2) The enlargement of the soft palate, 
the lateral wall of the pharynx, the tongue, or the 
parapharyngeal fat pad results in abnormal up-
per airway structure. 3) The diaphragm moves 
up and the airway is more prone to collapse and 
occlusion. 4) Obesity can cause endocrine abnor-
malities, and decreased leptin may result in re-
spiratory depression. There was no difference in 
sex of patients with OSAHS in each group2,11-13. 
However, studies have shown that the prevalence 
of OSAHS in men is 1.5-3 times that in women, 
and the sex difference can be reduced after female 
menopause12. Some scholars believed that female 
menopause is an important risk factor for the 
increased incidence of OSAHS. It is considered 
that it is related to changes in hormone levels, 
subsequent weight gain and abnormal distribu-
tion of body fat in postmenopausal women. We 
found that there were no significant differences 
in smoking, age, and other risk factors among pa-
tients with mild, moderate, and severe OSAHS. 

Table III. Comparisons of echocardiographic indexes among different OSAHS level groups.

	 Mild group 	 Moderate	 Severe group
	 (n=32)	 group (n=36)	 (n=47)	 F/χ2

LVD (mm)	 50.83±3.94	 51.41±3.95	 52.46±3.89	 2.173
LVEF (%)	 60.44±5.42	 59.56±5.37	 59.47±6.36	 0.935
LAD (mm)	 34.28±3.97	 35.71±4.48	 37.71±3.65**	 3.452
PAP (mmHg)	 30.82±2.53	 30.23±1.94	 32.31±2.87**	 6.274
RVD (mm)	 14.32±2.36	 15.58±1.83#	 16.25±3.14##	 4.198

Note: #p<0.05; ##p<0.01 in comparison with mild OSAHS group. **p<0.01 in comparison with mild and moderate OSAHS group.

Table IV. Logistic regression analysis of risk factors related to MACCE in patients with OSAHS.

	 B	 SE	 Wald	 95%CI	 p

Weight	 -0.041	 0.052	 0.716	 0.789-1.025	 0.399
BMI	 0.217	 0.318	 2.245	 0.924-1.413	 0.201
UA	 0.006	 0.024	 0.839	 0.936-1.027	 0.354
Cr	 -0.007	 0.032	 0.224	 0.943-1.039	 0.657
SX score	 0.058	 0.025	 2.376	 0.978-1.286	 0.052
AHI	 -0.008	 0.132	 0.073	 0.915-1.048	 0.936
CHO	 -0.625	 0.731	 3.051	 0.427-1.247	 0.343
PAP	 0.032	 0.329	 0.047	 0.825-1.234	 0.746
LA	 0.021	 0.216	 0.005	 0.712-1.105	 0.831
RV	 -0.189	 0.127	 1.486	 0.635-1.072	 0.228
FIB	 0.343	 0.379	 1.834	 0.849-1.348	 0.325

Note: p<0.05 suggested statistical significance.
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may be related to the enhanced oxidative stress 
and sympathetic activity that lead to a potential 
dyslipidemia pathway disorder.

Our findings showed that severe OSAHS can 
lead to the expansion of LAD and RVD, and the 
increase of PAP in patients, but has nothing to 
do with LVEF and LVD. Repeated nocturnal 
hypoxia, hypercapnia, changes in the negative 
pressure in pleural cavity, rapid rise in pulmo-
nary artery pressure and other factors may be 
important causes of changes in cardiac func-
tion and structure. The increased pulmonary 
artery pressure caused by OSAHS is the result 
of a combination of multiple factors: a. Apnea 
can cause reduction of alveolar ventilation and 
unbalanced ratio of ventilation/blood flow, lead-
ing to hypoxemia reflex and pulmonary vaso-
constriction. b. Hypercapnia can enhance the 
contraction of pulmonary artery blood vessels 
during hypoxia. c. Others, such as intratho-
racic pressure changes and the effects of sleep 
phase1,4,12.

SX score is an angiographic grading method 
used to assess the complexity of coronary artery 
lesion. This study suggested that as the severity of 
OSAHS was increased, the severity and complex-
ity of coronary artery lesion were also increased. 
Especially in patients with severe OSAHS, SX 
score level was significantly higher than those in 
the other two groups, so they were more prone to 
severe coronary artery lesion. The patients were 
followed-up, and by logistic regression analy-
sis, it was found that there are no associations of 
OSAHS condition and SX score with MACCE of 
patients at present. It may be because the number 
of subjects was relatively small and the follow-up 
time was relatively short, and it remains to be fur-
ther studied in the future.

Conclusions

We showed that in patients with OSAHS, with 
the aggravation of respiratory sleep disorder, SX 
score was increased significantly and the severi-
ty of coronary artery lesion increased according-
ly. Early intervention should be taken in patients 
with cardiovascular disease complicated with 
OSAHS to reduce the risk of acute cardiovascular 
events and improve prognosis. 
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This result may be related to some limitations of 
the selected patients.

The data of this study showed that the FIB lev-
el in the patients with severe OSAHS was higher 
than those in the mild group and moderate group. 
It suggested that patients with severe OSAHS had 
hypercoagulable state, compared with those in 
the other two groups. Previous researches have 
shown that the level of plasma FIB in patients 
with severe OSAHS is increased and has a pos-
itive correlation with AHI level14. The increased 
plasma FIB level in patients with OSAHS may be 
associated with intermittent hypoxia.

The results of our work also suggested that 
patients with severe OSAHS had more severe 
renal dysfunction than those in the other two 
groups. Analysis of possible causes: firstly, sec-
ondary hypertension often exists in patients with 
OSAHS, and long-term elevated blood pressure 
is the direct cause of kidney damage. Secondly, 
OSAHS can promote systemic oxidative stress, 
inflammation and endothelial dysfunction, caus-
ing renal ischemia and hypoxia. Finally, chronic 
intermittent hypoxia in patients with OSAHS 
can cause renal tubular cell apoptosis or trans-
formation of epithelial cells and mesenchymal 
cells, resulting in renal fibrosis under the syn-
ergistic effects of various factors1,3,14,15. We 
found that blood uric acid level of patients with 
OSAHS in the severe group was significantly in-
creased, compared with those in the mild group 
and moderate group, which is consistent with 
previous findings. The renal function of patients 
with severe OSAHS was significantly impaired, 
and uric acid excretion disorder could be found, 
making blood uric acid level increased. At the 
same time, hyperuricemia is an important part 
of the metabolic syndrome, and the severity of 
OSAHS is closely related to the metabolic syn-
drome. In this investigation, there were no sig-
nificant correlations of ALT and AST with AHI 
level in patients with OSAHS. Previous stud-
ies11,15 have proposed that the severity of OSAHS 
is positively correlated with levels of ALT, AST, 
etc. However, the number of related literature 
is relatively small, and most of them included 
a small sample of patients. Therefore, the rela-
tionship between OSAHS and aminotransferase 
levels remains to be further explored. In this re-
port, blood TC level in the patients with severe 
OSAHS was higher than that in the mild group, 
but there was no significant difference between 
mild group and severe group. The mechanism of 
dyslipidemia induced by OSAHS is not clear. It 
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