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Abstract
Objective: To explore the related factors of atherosclerosis in senile obstructive sleep apnea hypopnea syndrome (OSAHS)
patients.
Methods: 129 outpatients and inpatients with senile hypertension and type 2 diabetes were chosen from Department of Geri-
atrics during May of 2012 to January of 2014. The sleep breath monitoring was performed to each patient in the early stage.
According to the presence or absence of OSAHS, they were divided into OSAHS (n = 60) and non-OSAHS (n = 69) groups. And
30 healthy elderly subjects recruited in Physical Examination Department of our hospital were included in the control group. The
parameters of age, gender, height, body mass index, hypersensitive C-reactive protein (Hs-CRP), homocysteine (Hcy), triglyc-
eride (TG), total cholesterol (TC), high density lipoprotein-cholesterol (HDL-C), low density lipoprotein-cholesterol (LDL-C)
and carotid intima-media thickness (CIMT) were recorded. The comparison of Hs-CRP, Hcy, TG, TC, HDL-C, LDL-C and
CIMT between OSAHS and non-OSAHS groups was made; and the comparison with the normal control group was made to
analyze the correlations of CIMT to the above-mentioned indexes.
Results: The levels of Hs-CRP [(3.40 ± 0.91) mg/L, (2.57 ± 1.01) mg/L], Hcy [(16.50 ± 2.89) µmol/L, (11.20 ± 2.32) µmol/L],
CIMT [(1.06 ± 0.14) mm, (0.93 ± 0.13) mm], TG [(2.52 ± 1.40) mmol/L, (2.51 ± 2.02) mmol/L], TC [(5.74 ± 1.16) mmol/L,
(5.49 ± 1.09) mmol/L] and LDL-C [(3.15 ± 0.47) mmol/L, (3.05 ± 0.70) mmol/L] in both OSAHS and non-OSAHS groups were
higher than those in normal control group [Hs-CRP: (2.06 ± 1.22) mg/L, Hcy: (6.04 ± 1.85) µmol/L, CIMT: (0.65 ± 0.07) mm,
TG: (0.99 ± 0.24) mmol/L, TC: (3.63 ± 0.71) mmol/L and LDL-C: (2.47 ± 0.27) mmol/L]; the levels of Hs-CRP, Hcy, CIMT
and plaque score in OSAHS group were higher than those in non-OSAHS group [plague score: (1.92 ± 1.03) vs. (1.35 ± 0.97)
points], the difference was of statistical significance (OSAHS group vs. control group, t = 5.88, 18.15, 15.62, 5.91, 9.17, 7.47;
non-OSAHS group vs. control group, t = 2.20, 10.73, 11.51, 4.09, 8.56, 4.45; OSAHS group vs. non-OSAHS group, t = 4.84,
11.72, 5.54, 3.91, all p < .05). Related analyses showed that CIMT and plaque score in OSAHS group were correlated to age,
BMI, TG, TC, LDL-C, Hs-CRP and Hcy respectively.
Conclusions: OSAHS may elevate the level of inflammatory cytokines and cause atherosclerosis. And the changes of CIMT,
Hs-CRP and Hcy are in parallel. Hcy also has an identically important clinical significance in the progress of atherosclerosis.
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Foreign literatures have reported that the incidence of ob-
structive sleep apnea hypopnea syndrome (OSAHS) in the
elderly ranges from 20% to 40%.[1] The carotid intima-
media thickness (CIMT) can be used as a window to evalu-
ate atherosclerosis (AS),[2] which is easily detected by ul-
trasonography that has been widely used to evaluate the
progress and severity of AS. Recent literatures show that
OSAHS shares some common pathophysiologic mecha-
nisms with AS.[3] AS is a chronic inflammatory disease
caused by vascular endothelial damage, and inflammation
is involved in the occurrence and development of AS as
well as the whole course of its complications.[4–6] Hyper-
sensitive C-reactive protein (Hs-CRP) is an inflammatory
marker which is the most widely studied in the current risk
prediction of cardiovascular events. Homocysteine (Hcy) is
thought to be a type of inflammatory stimuli. When the level
of Hcy is increased, Hcy will activate a variety of inflamma-
tory cytokines in the body, where it will directly or indi-
rectly involve itself in the inflammatory process and lead to
AS eventually. This study explored the changes of Hs-CRP
and Hcy and the correlation to AS under the condition of
hypoxia.

1 Objects and methods

1.1 Research objects

129 outpatients and inpatients with senile hypertension and
type 2 diabetes were chosen from Department of Geriatrics
during May of 2012 to January of 2014. The sleep breath
monitoring was performed to each patient in the early stage.
According to the presence or absence of OSAHS, they were
divided into OSAHS (n = 60) and non-OSAHS (n = 69)
groups. Among patients in OSAHS group, the numbers
of patients only with hypertension, patients only with type
2 diabetes, patients with hypertension and type 2 diabetes
as well as patients with hypertension, type 2 diabetes and
coronary disease were 14, 13, 30 and 3; among patients in
non-OSAHS group, the numbers of patients only with hy-
pertension, patients only with type 2 diabetes, patients with
hypertension and type 2 diabetes as well as patients with
hypertension, type 2 diabetes and coronary disease were 16,
18, 31 and 4. During the same period, healthy elders (30
cases) selected from our Physical Examination Department
were included in normal control group. All of them, over
60 years old, had a history of snoring, and did not receive
the treatment of diuretics or heparin and oral vitamin B and
folic acid. Exclusion criteria were as follows: patients with
chronic obstructive pulmonary disease, a variety of recent
acute and chronic infections, autoimmune diseases and tu-
mors. All patients were well informed and signed informed
consent forms.

1.2 Research methods

Basic information, including age, gender, snoring his-
tory, height, body mass index and so on, was recorded.
Polysomnography [CB Type (portable) polysomnography
system made by Curative Medical Science and Technology
Co., Ltd.] was conducted between 10 p.m. and 7 a.m.
the next day. No alcohol, coffee, tranquilizers and hyp-
notics were taken on the day of detection. SW-SM2000CB
polysomnography diagnostic and analytical system was ap-
plied to acquisition, display, storage, analysis of multi-
channel physiological data and diagnosis of OSAHS. TG,
TC, HDL-C, LDL-C, Hs-CRP and Hcy were measured
subsequently. 4 indexes of TG, TC, HDL-C and LDL-
C were measured by use of immune colorimetry, Hs-CRP
was measured with immune transmission turbidimetry, and
Hcy was measured by means of immunoluminometric as-
say. Bilateral common carotid arteries, the bifurcation of
common carotid artery and the initial segment of exter-
nal carotid artery were scanned and detected by use of
Philips iE33 Color Doppler Ultrasonic Diagnosis Appara-
tus with the probe frequency of 10 MHz. CIMT was mea-
sured at a distance of 1.0 cm proximal to the bifurcation
of common carotid artery, with the presence or absence of
plaques confirmed at the same time. The average value
of CIMT (calculated by CIMT values of the left and the
right common carotid arteries, internal carotid arteries and
external carotid arteries) was selected as the experimental
CIMT. The carotid plaques were evaluated by use of semi-
quantitative scoring method, with the score ranging from 0
to 4: 0 stands for no plaque; 1 for 1 plaque with the thick-
ness less than 2 mm; 2 for 2 plaques with the thickness no
more than 2 mm, or 1 plaque with the thickness more than
2 mm; 3 represents 2 plaques, with the thickness of at least
1 plaque more than 2 mm; 4 represents at least 2 plaques,
whose thickness are all more than 2 mm.[7] OSAHS diag-
nostic criteria are as follows: according to OSAHS Diagno-
sis and Treatment Guidelines (Revised 2011),[8] apnea and
hypopnea index (AHI) is defined as the sum of the num-
ber of sleep apnea and the number of hypopnea per hour at
night; OSAHS refers to the fact that AHI ≥ 5 times/h during
the process of 7-hour sleep each night.

1.3 Statistical methods

SPSS 17.0 software was applied to the statistical analysis
and the measurement data were represented by x̄ ± s. Anal-
ysis of variance was used in the comparison among groups
and the comparison between two groups was tested by use
of q-test. The data in OSAHS group were analyzed with
the application of Pearson correlation and multivariate lin-
ear regression. The difference (p < .05) was of statistical
significance.
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2 Results
2.1 The comparison of general information and lab-

oratory indexes among 3 groups

The levels of Hs-CRP, Hcy, CIMT, TG, TC and LDL-C
in OSAHS group were higher than those in normal control
group, and the level of HDL-C in the former was lower than
that in the latter. The difference was of statistical signifi-

cance (p < .05). The levels of Hs-CRP, Hcy, CIMT, TG, TC
and LDL-C in non-OSAHS group were higher than those
in normal control group, and the level of HDL-C in the for-
mer was lower than that in the latter. The difference was
of statistical significance (p < .05). The levels of Hs-CRP,
Hcy, CIMT and plaque score in OSAHS group were higher
than those in non-OSAHS group, and the difference was of
statistical significance (all p < .05, see Table 1).

Table 1: General information and laboratory indexes of OSAHS group, non-OSAHS group and the normal control group
 

 

Indexes OSAHS Group Non-OSAHS Group Normal Control Group 

N (male/female) 60 (35/25) 69 (38/31) 30 (16/14) 

Age (years) 75 ± 8 73 ± 8 74 ± 8 

BMI (kg/m2) 25.4 ± 1.7 25.5 ± 2.3 25.0 ± 1.7 

TG (mmol/L) 2.52 ± 1.40a 2.51 ± 2.02l 0.99 ± 0.24 

TC (mmol/L) 5.74 ± 1.16b 5.49 ± 1.09m 3.63 ± 0.71 

HDL-C (mmol/L) 1.16 ± 0.44c 1.25 ± 0.41n 1.40 ± 0.25 

LDL-C (mmol/L) 3.15 ± 0.47d 3.05 ± 0.70o 2.47 ± 0.27 

Hs-CRP (mg/L) 3.40 ± 0.91ef 2.57 ± 1.01p 2.06 ± 1.22 

Hcy (μmol/L) 16.50 ± 2.89gh 11.20 ± 2.32q 6.04 ± 1.85 

CIMT (mm) 1.06 ± 0.14ij 0.93 ± 0.13r 0.65 ± 0.07 

Plaque Score (Scores) 1.92 ± 1.03k 1.35 ± 0.97  

Note. OSAHS: obstructive sleep apnea hypopnea syndrome; Hs-CRP: hypersensitive C-reactive protein; Hcy: homocysteine; CIMT: carotid 

intima-media thickness. In comparison with normal control group, at = 5.91, bt = 9.17, ct = -2.83, dt = 7.47, et = 5.88, gt =18.15, it = 15.62, lt = 4.09, mt = 

8.56, nt = -1.82, ot = 4.45, pt = 2.20, qt = 10.73, rt = 11.51, all p < .05; in comparison with non-OSAHS group, ft = 4.84, ht = 11.72, jt = 5.54, kt = 3.91, all 

p < .05 

 

2.2 Related factors of CIMT in OSAHS group

In OSAHS group, the results of correlation analysis showed
that CIMT and plaque score were positively correlated to
age, BMI, TG, TC, LDL-C, Hs-CRP and Hcy (r values of
CIMT to each index were 0.28, 0.21, 0.39, 0.59, 0.52, 0.66
and 0.76; r values of plaque score to each index were 0.18,
0.30, 0.29, 0.52, 0.53, 0.64 and 0.67); CIMT and plaque
score were uncorrelated to HDL-C (r value of CIMT and
HDL-C was -0.15, r value of plaque score and HDL-C was

-0.17).

2.3 Multiple-factor analysis in OSAHS group

Taking CIMT and plaque score as dependent variables, and
age, BMI, TG, TC, HDL-C, LDL-C, Hs-CRP and Hcy as
independent variables, the analysis showed that age, BMI,
LDL-C, Hs-CRP and Hcy were all influencing factors of
CIMT and carotid plaques (all p < .05, see Tables 2-3).

Table 2: Multivariate linear regression analysis of CIMT-related risk factors in 60 patients of OSAHS group
 

 

DV β SE  Standard Coefficient   t  p 

Age 0.006 0.001 0.379 4.722 .000 

BMI 0.015 0.007 0.189 2.249 .029 

LDL-C 0.055 0.025 0.187 2.158 .035 

Hs-CRP 0.039 0.013 0.260 2.965 .004 

Hcy 0.014 0.004 0.300 3.304 .002 

Note. OSAHS: obstructive sleep apnea hypopnea syndrome; CIMT: carotid intima-media thickness; Hs-CRP: hypersensitive C-reactive 

protein; Hcy: homocysteine 
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Table 3: Multivariate linear regression analysis of carotid plaque related risk factors in 60 patients of OSAHS group
 

 

DV β SE  Standard Coefficient   t  p  

Age 0.027 0.012 0.211 2.185 .033 

BMI 0.150 0.061 0.249 2.459 .017 

LDL-C 0.513 0.229 0.234 2.241 .029 

Hs-CRP 0.243 0.119 0.216 2.040 .046 

Hcy 0.088 0.039 0.247 2.262 .028 

Note. OSAHS: obstructive sleep apnea hypopnea syndrome; Hs-CRP: hypersensitive C-reactive protein; Hcy: homocysteine 

 

3 Discussion
Patients with OSAHS nightly suffer from repeated inter-
mittent hypoxia, leading to hypoxemia and hypercapnia,
causing a series of multisystemic pathophysiologic changes,
which play an active role in the progress of AS. In this study,
the levels of Hs-CRP and Hcy in OSAHS group were higher
than those in non-OSAHS group and normal control group;
the increase of Hcy was synchronous with that of Hs-CRP,
suggesting that Hcy was significantly identical to Hs-CRP.
CIMT in OSAHS group was higher than that in non-OSAHS
group, suggesting that OSAHS should be a factor that could
aggravate AS. Correlation analysis showed that, in OSAHS
group, CIMT and plaque score were correlated to age, BMI,
TG, TC, LDL-C, Hs-CRP and Hcy. Multivariate linear re-
gression analysis showed that age, BMI, LDL-C, Hs-CRP
and Hcy were influencing factors of CIMT and plaque score,
indicating that these factors were also influencing factors of
AS. Early diagnosis and treatment for senile OSAHS pa-
tients, can delay or improve the progress of AS.

One of mechanisms concerning AS is an inflammation the-
ory that a variety of inflammatory cytokines are involved
in the mechanism of AS. This study confirms that OS-
AHS can promote the increase of inflammatory cytokines.
Correlation analysis of OSAHS group showed that, CIMT
and carotid plaques were positively correlated to TG, TC
and LDL-C; multiple linear regression analysis showed that
LDL-C was an influencing factor of CIMT and carotid
plaques.

OSAHS is closely related to cardiovascular disease, and
there are many possible mechanisms currently, but most of
scholars tend to support the inflammation theory in recent
years. Senile OSAHS and AS share common pathophys-
iological bases, one of which is vascular endothelial dys-
function, caused by inflammatory cytokines, is an important
target.[3, 9] Domestic literatures have reported that Hs-CRP
and Hcy are risk factors for type 2 diabetes combined with
coronary disease, Hs-CRP and Hcy have an important clin-
ical guidance significance in the early predication of early
complications caused by type 2 diabetes.[10]

OSAHS, obesity, dyslipidemia, Hs-CRP and Hcy are in-

fluencing factors of AS. Therefore, in the clinical practice,
we can delay the progress of AS by improving hypoxemia,
weight management and lipid-lowering therapy in senile
OSAHS patients. Reducing the levels of Hs-CRP and Hcy
to prevent or delay of AS, is also an important means of AS
treatment in the future.

In the study of OSAHS and metabolic syndrome, Basoglu et
al.[11] have found that the level of Hs-CRP in OSAHS group
was higher than that in control group, and OSAHS may have
a causal relationship with metabolic syndrome. This study
showed that OSAHS could promote the increase of Hs-CRP
level in patients with cardiovascular diseases such as hy-
pertension and type 2 diabetes, with the severity of AS in-
creased.

Hcy is a sulphydryl-containing nonessential amino acid that
does not participate in the biosynthetic process of proteins
in the body. It is metabolized in cells by three pathways:
remethylation, transsulfuration and direct release into extra-
cellular fluids. It is intended to ensure the metabolic balance
of sulfur-containing amino acids in the body. Both OSAHS
and Hcy are considered as independent risk factors for car-
diovascular disease.[11] Thakre et al.[12] have found that
the level of Hcy in OSAHS people was significantly higher
than that in non-OSAHS people, Sales et al.[13] also came
to similar results in their research. Animal models have
confirmed that the level of Hcy in OSAHS rats is higher
than that in non-OSAHS rats; hypoxic changes in OSAHS
rats may result from the fact that increased level of Hcy en-
hances inflammatory responses in the body and leads to the
occurrence of AS in cerebral arteries.[14] Cintra et al.[15]

have found that, in their research, there is no difference in
the level of Hcy between OSAHS and non-OSAHS groups;
there is no difference in the level of Hcy between obese pa-
tients with and without OSAHS.[11] Hence, the change in
Hcy level remains to be controversial and worthy of being
studied further.
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