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 Abstract 
  Background:  Recently, sleep apnea syndrome (SAS) has been associated with hypertension, 
cardiovascular disease and death. Patients with chronic kidney disease (CKD) have higher rates 
of SAS, atherosclerotic complications and death than do patients without CKD. Although the 
relationship between SAS and atherosclerosis is well known, few papers have described this 
relationship in humans, especially in CKD patients.  Patients and Methods:  This was a cross-
sectional study of 110 clinically stable, non-dialysis patients with CKD who attended a CKD 
educational program from April 2014 to September 2015. The diagnosis of SAS and its sever-
ity were assessed using a type 3 portable monitor. Other atherosclerosis-related data were 
obtained from the patients’ medical records in order to determine the factors associated with 
the severity of SAS.  Results:  95 men and 15 women with a mean age of 71.4 ± 9.9 years were 
included in the study. The patients’ mean body mass index was 24.0 ± 3.9, their mean blood 
pressure 134.3 ± 21.2/73.6 ± 13.4 mm Hg and their mean estimated glomerular filtration rate 
19.8 ± 9.5 ml/min/1.7 m 2 . Adjusted plaque score was a significant predictor of severe SAS 
(odds ratio = 1.13, p = 0.0182). Mixed plaque was significantly associated with severe SAS 
(correlation ratio = 0.48, p < 0.0001).  Conclusions:  Many patients with CKD also have SAS. 
Our findings demonstrate the relationship between plaque score and the severity of SAS. 

 © 2016 S. Karger AG, Basel 

 Received: October 19, 2015 
 Accepted: December 21, 2015 
 Published online: February 5, 2016 

 Daisuke Hasegawa, MD 
 Japanese Red Cross Nagoya Daini Hospital 
 2-9, Myoken-cho, Showa-ku, Nagoya 466-8650 (Japan) 
 E-Mail hasegawa.daisuke.0407   @   gmail.com 
  

www.karger.com/crm

 DOI: 10.1159/000443748 



160Cardiorenal Med 2016;6:159–168

 DOI: 10.1159/000443748 

 Hasegawa et al.: Association between Plaque Score of the Carotid Artery and the 
Severity of Sleep Apnea Syndrome in Patients with Chronic Kidney Disease 

www.karger.com/crm
© 2016 S. Karger AG, Basel

 Introduction 

 Recently, sleep apnea syndrome (SAS) has been shown to be associated with hyper-
tension, cardiovascular disease (CVD) and death  [1, 2] . Some researchers have also suggested 
that SAS is related to atherosclerosis  [3–6] , which is a risk factor for CVD and death  [7] . 
However, few papers describe such associations in human subjects, and which of the param-
eters of atherosclerosis are most strongly associated with the severity of SAS remains 
unknown; thus, it is clinically important to clarify how SAS induces atherosclerosis of the 
carotid artery. Several facts have already been established in human research: (1) Pulse wave 
velocity (PWV) is faster in patients with SAS than in control subjects  [3] . (2) The apnea-
hypopnea index (AHI) is associated with calcification of the coronary artery  [4] . (3) The 
duration of SAS is related to intima media thickness (IMT)  [5] . (4) The severity of SAS is 
related to IMT  [6] . Although the mechanisms underlying atherosclerosis in patients with SAS 
remain poorly understood, some research suggests that inflammation may be important in 
this process. Indeed, inflammation leads to endothelial dysfunction and intermittent hypoxia 
and reperfusion during repetitive episodes of nocturnal apnea, which may be involved in the 
generation of highly reactive oxygen radicals and ischemia-reperfusion injury to the vascular 
wall, resulting in increased risk for atherosclerosis  [8] . The prevalence of SAS is markedly 
higher in patients with chronic kidney disease (CKD)  [9, 10] . CKD has also been shown to be 
independently associated with the increased morbidity and mortality rates associated with 
CVD  [11] .

  Although we may intuitively expect the combination of CKD and SAS to synergistically 
increase CVD-related morbidity and mortality rates, this relationship has yet to be deter-
mined. Herein, we examined numerous clinical parameters, including ankle-brachial index 
(ABI), PWV, IMT and plaque score (PS)  [12]  to investigate which of these was associated with 
the severity of SAS in patients who attended a CKD educational program.

  Methods 

 Patients and Data Collection 
 This was a cross-sectional study examining 110 stable non-dialysis patients with CKD who attended a 

CKD educational program from April 2014 to September 2015. The program was approximately 1 week long 
and intended to educate patients about their kidney disease status and to provide individualized nutritional 
therapy, treatment options for end-stage renal disease and examination for complications. As one of the 
complications of CKD, we examined SAS. In this study, we excluded patients who did not undergo assessment 
for SAS. We collected the patients’ data, including medical history, physical examination results, laboratory 
test results and medications from a medical record review. The term ‘cardiovascular disease event’ included 
ischemic heart disease, heart failure, stroke, peripheral artery disease and aortic disease.

  We gathered patients’ data from their physical reports, including past medical history comprising 
hypertension, diabetes mellitus (DM), CVD, blood tests, urinalysis, medication and use of erythropoiesis-
stimulating agents (ESAs). To assess atherosclerosis, we measured maximum IMT (IMT max ) and PS with 
carotid ultrasonography and checked the quality of plaques, categorizing them into four groups: soft, inter-
mediate, mixed and hard. We also evaluated ABI and PWV. In addition, we performed chest and abdominal 
X-rays to assess calcification of the aorta and echocardiography to assess calcification of cardiac valves.

  Examination of SAS 
 The diagnosis of SAS and its severity were evaluated using a type 3 portable monitor  [13]  (Apnomonitor 

5; Chest M.I., Inc., Tokyo, Japan). We defined SAS severity based on the AHI (times/h) as follows: mild >5 but 
 ≤ 15, moderate >15 but  ≤ 30, and severe >30, in accordance with previous reports. Those who performed 
sleep study assessments were blinded to the carotid artery plaque detection.
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  Examination of ABI and PWV 
 The ABI involves the measurement of the ratio of blood pressure in the dorsalis pedis or posterior tibial 

artery to that in the brachial artery  [14] . PWV was measured using a volume-plethysmographic apparatus 
(BP-203RPE III; OMRON Colin Co., Ltd., Tokyo, Japan). Briefly, this apparatus records the phonocardiogram, 
electrocardiogram and volume pulse form and blood pressure at both left and right brachia and ankles. PWV 
was calculated by time phase analysis between brachial and volume waveforms at ankles  [3] .

  Examination of Carotid Artery Ultrasonography 
 Carotid artery ultrasonography was performed by a real-time B-mode ultrasound imager (ProSound 

α-10; Hitachi Aloka Medical, Ltd., Tokyo, Japan). The IMT measurements were performed within 1 cm 
above the bifurcation of the common artery. IMT was defined as the distance between two parallel echo-
genic lines of the vessel in the sonography. The PS was calculated by previously reported methods  [15, 16] . 
It was computed by adding the maximal thickness of plaques (in mm) in each segment of both sides. 
Segment 1 was the region of the internal carotid artery that was 15 mm distal to its bifurcation from the 
common carotid artery. Segment 2 was the region of the internal carotid artery and the common carotid 
artery that was 15 mm proximal to the bifurcation. Segment 3 was the region of the common carotid artery 
that was 15 and 30 mm proximal to the bifurcation. Segment 4 was the region of the common carotid artery 
that was 30 mm proximal to the bifurcation and below the flow divider. Consequently, a high PS means 
existence of plaques in many segments. Plaque quality is classified into hypo-, iso-, hyperechoic and mixed 
groups. Hypoechoic group indicates soft plaque, isoechoic intermediate plaque and hyperechoic hard 
plaque.

  Statistical Analysis 
 Baseline characteristics were presented descriptively and tested using Student’s t test or χ 2  test. 

Univariate correlations were examined using Spearman’s rank correlation coefficient. Multiple linear re-
gression analysis of several markers for the AHI was also performed. Logistic regression analysis was under-
taken to examine the relation of atherosclerotic parameters to severe SAS without and with adjustment for 
potential confounding variables. Receiver operating characteristic (ROC) curve was used to determine the 
ability of PS to discriminate between those with and without severe AHI. p values <0.05 were considered 
statistically significant.

Parameter
Male, % 86.4
Age, years 71.4 ± 9.9
Primary disease

Nephrosclerosis, % 45.5
Diabetic nephropathy, % 24.5
Chronic glomerulonephritis, % 14.5
Unknown, % 9.1
Others, % 6.4

DM, % 56.4
Hypertension, % 97.3
History of CVD, % 45. 5
BMI 24.0 ± 3.9
Systolic blood pressure, mm Hg 134.3 ± 21.2
Diastolic blood pressure, mm Hg 73.6 ± 13.4
Creatinine, mg/dl 3.1 ± 1.4
Estimated glomerular filtration rate, ml/min/1.7 m2 19.8 ± 9.5
C-reactive protein, mg/dl 0.38 ± 0.59
AHI 25.2 ± 13.9

 Table 1.  Baseline characteristics 
of all patients with CKD (n = 110)
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 Table 2. Clinical characteristics of patients with and without severe SAS

Parameter AHI >30 AHI ≤30 p value

Age, years 73.4 ± 10.4 70.2 ± 9.5 0.10175
Male, % 87.8 85.5 0.73421
BMI 23.8 ± 3.9 24.2 ± 4.0 0.56466
Systolic blood pressure, mm Hg 131.9 ± 22.4 135.7 ± 20.9 0.36088
Diastolic blood pressure, mm Hg 73.2 ± 15.6 73.9 ± 12.0 0.78003
History of CVD, % 41.5 47.8 0.51697
History of DM, % 58.5 55.1 0.72316
History of hypertension, % 97.6 97.1 0.88623
Angiotensin II receptor blocker, % 73.1 71.0 0.80796 
Angiotensin converting enzyme inhibitor, % 4.9 11.6 0.23611
Calcium channel blocker, % 78.0 69.1 0.33404
β-Blocker, % 31.7 29.0 0.76333
Loop diuretics, % 36.6 29.0 0.40797 
ESA, % 36.6 17.4 0.02371
Vitamin D receptor activator, % 4.9 10.1 0.32981
Statin, % 51.2 55.0 0.69519
NaHCO3, % 19.5 18.8 0.95965
White blood cells, /μl 6,251.2 ± 1,636.2 6,220.3 ± 1,689.6 0.92535
Hemoglobin, g/dl 11.1 ± 1.9 11.4 ± 1.5 0.37400
Albumin, g/dl 3.8 ± 0.5 3.9 ± 0.5 0.37216
Alanine transaminase, U/l 16.6 ± 15.1 18.2 ± 12.0 0.52631 
Alkaline phosphatase, U/l 246.1 ± 77.0 236.2 ± 77.0 0.51387 
Uric acid, mg/dl 7.1 ± 1.7 7.2 ± 1.9 0.86089
Blood urea nitrogen, mg/dl 44.3 ± 17.0 42.8 ± 15.8 0.63909 
Creatinine, mg/dl 3.2 ± 1.3 3.1 ± 1.4 0.72728 
eGFR, ml/min/m2 19.2 ± 9.5 20.2 ± 9.8 0.58407
Na, mEq/l 138.9 ± 3.0 138.8 ± 2.5 0.78026 
K, mEq/l 4.8 ± 0.6 4.7 ± 0.6 0.57355 
Adjusted Ca, mg/dl 9.2 ± 0.5 9.3 ± 0.6 0.67205 
P, mg/dl 3.9 ± 1.0 3.9 ± 0.8 0.92155
C-reactive protein, mg/dl 0.32 ± 0.35 0.42 ± 0.70 0.39543
LDL-C, mg/dl 101.6 ± 40.6 88.38 ± 30.0 0.05310
HDL-C, mg/dl 42.39 ± 9.9 44.4 ± 11.5 0.33099
Triglyceride, mg/dl 146.2 ± 81.7 182.3 ± 198.4 0.27131
Intact parathyroid hormone, pg/ml 167.3 ± 107.9 150.7 ± 107.4 0.43
Brain natriuretic peptide, pg/ml 216.6 ± 326.0 100.3 ± 135.7 0.01071
pH 7.360 ± 0.040 7.360 ± 0.040 0.79913
HCO3–, mEq/l 20.4 ± 2.7 20.5 ± 3.0 0.81865
Cardiothoracic ratio, % 52.8 ± 6.5 49.1 ± 5.7 0.00223
Urinary protein, g/day 1.6 ± 1.9 1.5 ± 1.7 0.68431
Thoracic aortic calcification, % 46.3 31.9 0.10477
Abdominal aortic calcification, % 55.6 67.2 0.24750
Valve calcification, % 48.8 37.7 0.25381
Lower ABI 1.08 ± 0.16 1.12 ± 0.13 0.23058
Faster PWV, cm/s 1,920.5 ± 522.5 1,902.9 ± 380.6 0.84400
IMTmax, mm 2.82 ± 1.07 2.68 ± 1.49 0.58825
PS 12.8 ± 5.96 9.38 ± 5.47 0.00265

eGFR = Estimated glomerular filtration rate.
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  Results 

 Baseline Characteristics 
  Table 1  shows the patients’ baseline characteristics. 95 men and 15 women with a mean 

age of 71.4 ± 9.9 years were included. The patients’ mean body mass index (BMI) was 24.0 ± 
3.9, and there was no tendency of obesity. Among these patients, the mean AHI was markedly 
high at 25.2 ± 13.9. Only 7 patients (6.4%) were not diagnosed with SAS. 23 patients (20.9%) 
had mild SAS, 39 (35.5%) moderate SAS and 41 (37.3%) severe SAS. The prevalence of SAS is 
higher among patients with CKD than among those with other diseases  [17–20] .

  Clinical Characteristics of Patients with and without Severe SAS 
  Table 2  shows the clinical characteristics of patients with and without severe SAS. 

Although patients in the severe SAS group tended to be older, this tendency was not statisti-
cally significant. There was no significant difference in sex between those with and without 
severe SAS, nor were there differences in blood pressure, physique, past medical history, 
medication or renal function. Brain natriuretic peptide and cardiothoracic ratio were signifi-
cantly higher among patients in the severe SAS group. The percentage of ESA users was signif-
icantly higher in the severe SAS group. Low-density lipoprotein cholesterol (LDL-C) tended 
to be higher in the severe group, but not significantly so. On the contrary, high-density lipo-
protein cholesterol (HDL-C) and triglyceride were not higher among patients in the severe 
group. There were no significant differences in parameters of atherosclerosis. Only PS was 
significantly higher in the severe SAS group.

 Table 3. Non-adjusted ORs for severe SAS with the evaluated parameters

Parameter OR 95% CI p value 

Thoracic aortic calcification 1.8450 0.8326 – 4.0886 0.1314
Abdominal aortic calcification 0.6512 0.2787 – 1.5216 0.3219
Valve calcification 1.5751 0.7203 – 3.4441 0.2551
Lower ABI 0.1905 0.0126 – 2.8772 0.2313
Faster PWV 1.0001 0.9992 – 1.0010 0.8422
IMTmax 1.0823 0.8134 – 1.4401 0.5873
PS 1.1108 1.0339 – 1.1934 0.0041

 Table 4. Adjusted ORs for severe SAS with the evaluated parameters

Parameter OR 95% CI p value

Thoracic aortic calcification 1.6902 0.5598 – 5.1028 0.3519
Abdominal aortic calcification 0.3310 0.1007 – 1.0882 0.0686
Valve calcification 1.2703 0.4703 – 3.4309 0.6370
Lower ABI 0.7966 0.0242 – 26.1959 0.8984
Faster PWV 0.9996 0.9982 – 1.0009 0.5279
IMTmax 1.0583 0.7367 – 1.5203 0.7590
PS 1.1326 1.0214 – 1.2559 0.0182

Adjusted for age, sex, BMI, systolic blood pressure, DM, CVD, ESA, estimated glomerular filtration rate, 
LDL-C, brain natriuretic peptide and cardiothoracic ratio.
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  Correlations between AHI and Evaluated Parameters 
  Table 3  shows the non-adjusted odds ratios (ORs) for severe SAS with the evaluated 

parameters. Only PS was significantly different. There were no significant changes in any of 
the other parameters measured, including markers of atherosclerosis.

   Table 4  shows the ORs for severe SAS after adjustment for numerous parameters, in-
cluding age, sex, BMI, systolic blood pressure, comorbid conditions and parameters of kid-
ney function and plasma lipids  [21] . Of the seven parameters of atherosclerosis evaluated, 
only PS was a significant predictor of severe SAS (OR = 1.13, 95% confidence interval [CI] 
1.0214–1.2559, p = 0.0182).

  Relationship between AHI and PS 
  Figure 1  graphically represents the positive correlation between AHI and PS. This associ-

ation suggests that PS is associated with the severity of SAS.  Figure 2  shows the ROC curve for 
prediction of severe SAS using the PS. The area under the curve (AUC) was 0.679 and the cut-off 
value of PS was 13.2. Therefore, it seems that PS by itself is not a strong indicator for severe SAS.
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  Fig. 2.  ROC curve for severe SAS 
using the PS. The AUC was 0.679 
and the cut-off value of PS was 
13.2. 

  Fig. 1.  Correlation of AHI and PS 
(n = 110). A positive correlation 
was observed between PS and 
AHI. The mean regression line is 
indicated by the solid line and the 
95% CIs are indicated by the dot-
ted lines. 
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  Association between Plaque Quality and Severity of SAS 
  Table 5  shows the relationship between the severity of SAS and plaque quality. More 

severe SAS was associated with higher likelihood of mixed and hard plaque quality. Using 
these two categories (mixed and hard plaque quality) we conducted a logistic regression 
analysis using AHI >30 (severe SAS) as the criterion variable.  Table 6  shows the non-adjusted 
ORs for severe SAS for mixed and hard plaque quality, and  table 7  shows the ORs for severe 
SAS for mixed and hard plaque quality adjusted for age, sex, BMI, systolic blood pressure, DM, 
CVD, ESAs, estimated glomerular filtration rate, LDL-C, brain natriuretic peptide and cardio-
thoracic ratio. Only mixed plaque was significantly associated with severe SAS before and 
after adjustment. We used a prediction formula for AHI using PS and mixed plaque quality: 
AHI = 0.1072 × PS + 0.2567 × mixed (with mixed plaque = 1, without mixed plaque = 0). 
However, the ROC curve with the formula ( fig. 3 ) did not significantly increase the prediction 
accuracy (AUC = 0.689). Therefore, we evaluated the relationship between PS and quality of 
plaque. We found that PS was significantly correlated with the presence of mixed plaque 
( table 8 , correlation ratio = 0.48, p < 0.0001). This most likely indicates that there is an overlap 
between these two factors that results in no increase in the prediction accuracy of severe SAS.

  Discussion 

 We examined numerous parameters of atherosclerosis, including ABI, PWV, IMT and PS, 
in order to investigate which of them was associated with the severity of SAS among patients 
who attended a CKD educational program. We found a relationship only between PS in the 

 Table 5. Distribution regarding severity of SAS in each plaque quality

Severity Soft Intermediate Mixed Hard

AHI ≤5 (n = 7) 0 (0.0%) 6 (85.7%) 4 (57.1%) 0 (0.0%)
5 < AHI ≤ 15 (n = 23) 1 (4.3%) 23 (100.0%) 8 (34.8%) 1 (4.3%)
15 < AHI ≤ 30 (n = 39) 0 (0.0%) 38 (97.4%) 20 (51.3%) 2 (5.1%)
AHI >30 (n = 41) 0 (0.0%) 40 (97.6%) 30 (73.2%) 6 (14.6%)

 Table 6. Non-adjusted ORs for AHI >30 in each plaque quality

Parameter OR 95% CI p value 

Mixed 3.1534 1.3650 – 7.2851 0.0072
Hard 3.7714 0.8889 – 16.0015 0.0718

 Table 7. Adjusted ORs for AHI >30 in each plaque quality

Parameter OR 95% CI p value 

Mixed 7.0881 1.7684 – 28.4114 0.0057 
Hard 2.3393 0.4435 – 12.3396 0.3165

Adjusted for age, sex, BMI, systolic blood pressure, DM, CVD, ESA, estimated glomerular filtration rate, 
LDL-C, brain natriuretic peptide and cardiothoracic ratio.
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carotid artery and the severity of SAS among patients with CKD. PWV has been shown to be 
faster among SAS patients than among control subjects  [3] . In addition, AHI is known to be 
related to calcification of the coronary artery  [4] , the duration of SAS is related to IMT  [5] , and 
the severity of SAS is associated with IMT  [6] . In the present study, our findings did not show 
a relationship between PWV, IMT or ABI and the severity of SAS. However, our findings show 
a significant association between PS and the severity of SAS. All patients in this research had 
CKD since they attended a CKD educational program. Therefore, the baseline condition of the 
carotid artery was already worse than that in the general population. This fact must have 
affected the result that we could not find a correlation between some atherosclerotic param-
eters such as PWV, IMT or ABI and SAS. We strongly believe that PS has a high sensitivity in 
detecting atherosclerosis as compared to other atherosclerotic factors. All of the CKD patients 
already had worse carotid arteries than the general population, and our study compared CKD 
patients with SAS and CKD patients without SAS, so this fact might have masked atheroscle-
rosis-detecting abilities that some parameters have in a way. To our knowledge, ours is the 
first study to have investigated the association between comprehensive parameters of athero-
sclerosis and the severity of SAS in patients with CKD. Although previous studies have focused 
on a single parameter, a strength of our investigation is that we examined multiple ones and 
found PS to be the marker most strongly correlated with the severity of SAS. Although the 
mechanisms underlying atherosclerosis in patients with SAS remain poorly understood, 
some evidence suggests that inflammation may be an important mechanism of atheroscle-
rosis in SAS. Chronic intermittent hypoxia caused by SAS is a major stimulus for oxidative 
stress with the production of systemic inflammation. This inflammatory process with highly 
reactive oxygen radicals and ischemia-reperfusion injury to the vascular wall during repet-
itive episodes of nocturnal apnea may result in an increased risk for atherosclerosis  [22] . The 
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  Fig. 3.  ROC curve for severe SAS 
using PS and plaque quality. Pre-
diction formula for the AHI with 
the information of PS and with/
without mixed plaque quality: 
AHI = 0.1072 × PS + 0.2567 × 
mixed (with mixed plaque = 1, 
without mixed plaque = 0). The 
AUC was 0.689. 

Parameter Correlation ratio p value 

Soft 0.0629 0.5140 
Intermediate 0.2613 0.0058 
Mixed 0.4800 <0.0001
Hard 0.1240 0.1970

 Table 8. Correlation of AHI >30 
in each plaque quality
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percentage of ESA users was higher in the group with severe SAS (AHI >30) despite the fact 
that there was no significant difference in the amount of hemoglobin between the groups. 
This finding may indicate that intermittent hypoxia caused inflammation, resulting in resis-
tance to ESAs  [23, 24] , which may be the cause of the increased number of ESA users among 
the severe group. As other reports show, patients with mixed plaque tend to have severe 
carotid artery stenosis as compared to those with hypo- and hyperechoic plaque  [25] . This 
we believe is the reason why we detected a significant difference among these three qualities.

  Our study has some limitations. First, this was a single-center study, so there may be 
some bias, such as features of the facility and the patient population. Second, this was a cross-
sectional study; thus, we can determine relationships but not causality. Third, this study 
included only Japanese patients. Consequently, it is not clear whether our findings are appli-
cable to all ethnicities.

  Conclusions 

 Many patients with CKD also have severe SAS. We found that high PS is correlated with 
severe SAS. Our findings suggest that patients with CKD should be monitored for SAS. In 
addition, patients with CKD and severe SAS may have a higher PS and may thus be at higher 
risk for cardiovascular events.
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