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ABSTRACT

Background: It is still unclear whether obstructive sleep apnea (OSA) is independently associated with increased levels of the acute-phase reactant C-reactive protein (CRP). The purpose of this study was to evaluate the relationship between OSA and hs-CRP levels according to the presence or absence of MetS.
Methods: This study recruited 245 male bus drivers from one transportation company in Taiwan. Each participant was evaluated by a polysomnography (PSG) test, blood lipids examination and high-sensitivity CRP (hs-CRP). Severity of OSA was categorized according to the apnea-hypopnea index (AHI). 
Results: Subjects were categorized into severe OSA group (n=44; 17.9%), moderate and mild OSA group (n=117; 47.8%), and no OSA group (n=84; 34.3%). AHI had a significant association with hs-CRP (β=0.125, p=0.009) adjusting for age, smoking, drinking and MetS status. Hs-CRP was elevated with severe OSA (β=0.533, p=0.005) even adjusting for BMI or MetS. Moreover, there was an independent effect for AORs between the stratification by the severity of OSA and MetS.
Conclusions: Elevated hs-CRP level is associated with severe OSA, independent of known confounders. An independent effect in hs-CRP between OSA and MetS was identified.
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1. Introduction 

Obstructive Sleep Apnea (OSA) is being increasingly recognized as an important factor of medical morbidity and mortality 
 ADDIN EN.CITE 
[1-3]
. It is a common sleep disorder that is characterized by intermittent, complete, and partial airway collapse, resulting in frequent episodes of apnea and hypopnea, and recurrent arousals from sleep 1-4


[ ADDIN EN.CITE ]
. Recent data suggests that OSA may be associated with a number of cardiovascular risk factors independently of obesity, such as hypertension 
 ADDIN EN.CITE 
[5, 6]
, insulin resistance, impaired glucose tolerance 
 ADDIN EN.CITE 
[7, 8]
, and dyslipidaemia 
 ADDIN EN.CITE 
[9, 10]
. Despite the clinical and scientific advancements in the management of OSA in the last two decades, a great majority (70–80%) of those affected remains undiagnosed [6, 7]. 
Current literature only have begun to understand the proposed mechanisms by which OSA predisposes to cardiovascular disease include sympathetic excitation, vascular endothelial dysfunction and metabolic dysregulation, as well as oxidative stress and inflammation induced by cyclical intermittent hypoxia 11[]
. There is increasing evidence that intermittent hypoxia plays a role in the pathobiology of cardiovascular complications in OSA through activation of pro-inflammatory pathways 11


[ ADDIN EN.CITE , 12]
. OSA has also been associated with a heightened metabolic and inflammatory dysregulation, as shown by increases in cytokines 
 ADDIN EN.CITE 
[12, 13]
, and C-reactive protein (CRP) in some but not all studies 
 ADDIN EN.CITE 
[14-17]
. Thus, the pathway is controversial and remains to be confirmed.
Moreover, the correlates of OSA, including excess body weight, hypertension, and metabolic disturbance, overlap with those of diabetes mellitus, and reports that OSA is associated with factors related to the Metabolic Syndrome (MetS) are increasing 
 ADDIN EN.CITE 
[8]
. MetS is a cluster of metabolic abnormalities and is considered as a multimorbid condition in which the fundamental components are obesity, insulin resistance, hypertension, hypertriglyceridaemia and low high-density lipoproteincholesterol 
 ADDIN EN.CITE 
[18, 19]
. However, despite the tight link between MetS and OSA, there is an unclear mechanism by which OSA and its components worse inflammatory dysfunction with/without obesity or the MetS. 
The association between OSA and hs-CRP has been inconsistent, because many of these previous works were limited by relatively small sample size, inclusion of subjects with vascular comorbidities, inadequate control for BMI or confounders, or the use of insensitive CRP assays. Thus, this study evaluates the relationship between OSA and CRP levels, with the cautious exclusion of MetS that might affect CRP levels. 

2. Methods 

2.1 Study subjects and data collection

The study procedures are presented in Figure1. Between May 2007 and July 2008, 1430 professional bus drivers and workers were recruited from one transportation company in Taiwan. The researchers excluded non-professional bus drivers (n=150) and subjects with no completed the interview questionnaire (n=295). For 985 male bus drivers’ biochemistry indices such as blood lipids (total cholesterol, triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and fasting blood glucose (FG)), blood pressure (systolic blood pressure and diastolic blood pressure), homocysteine, and hs-CRP were obtained during a health examination. Among 985 bus drivers, 247 subjects agreed to complete a polysomnography (PSG) test at a sleep medicine center. The researchers excluded 2 female subjects in data analysis. A total of 245 male bus drivers was included in the subsequent analysis. Compared with demographic characteristics between completed PSG group (n=247) and uncompleted PSG group (n=738) are similar in term of gender, marital status, smoking and drinking habits, job types and weekly driving hours. The completed PSG group had older ages, higher duration of employment, and a higher BMI and education level in comparison with the uncompleted PSG group (data not showed).
This study was approved by the institutional review board of the National Health Research Institutes, Tri-Service General Hospital, and Chung-Shan Medical University, Taiwan. Informed consent was obtained from each of the subjects after a detailed explanation of the nature and possible consequences of the study were explained by the interviewer on the day of the personal interview. After the written informed consent was obtained from individual participants, the subjects were interviewed in person using a structured questionnaire that included demographics (age, ethnicity, marital and education status), work conditions (work hours and schedule of rotating shifts), lifestyle habits (smoking and drinking), and disease histories. 

2.1 Measurement of high-sensitivity C-reactive protein (hs-CRP) activity

Blood samples were collected by venipuncture, centrifuged at room temperature and stored at –80°C until batch analysis for hs-CRP was conducted. Hs-CRP was measured using an Immulite 2000 chemiluminescence immunoassay system (California, USA).
2.2 Polysomnography (PSG)
Participants underwent one night of polysomnography (PSG) monitoring in the sleep laboratory. This included a full electroencephalography (EEG) montage in order to rule out epilepsy. The following channels were recorded: EEG, electro-oculogram (EOG), electromyogram (EMG), and respiratory parameters were placed according to standard procedures and recorded in the Sleep Laboratory. Chest and abdominal respiratory movements were measured with bands placed around the chest and abdomen. Air flow was measured by a nasal cannula. Prior to each recording session, channels for all PSG recordings were calibrated. Sleep stage scoring based on the standard criteria was performed by qualified sleep technicians 20[]
.

Sleep indicators including time in bed (TIB, lights out to final arising), sleep period time (SPT, time from the beginning of NREM stage N1 until final awakening), total sleep time (TST, the sum of sleep stages N1–N3 and REM), sleep efficiency (SE, ratio of TST/TIB), sleep latency (SL, lights off to the first epoch of stage N1 sleep), time and percentages of sleep (stage N1, stage N2, stage N3, and REM sleep) as a percentage of SPT, and wake after sleep onset were calculated. Apnea was identified by a complete or near-complete cessation in airflow that lasted for at least 10 seconds, and hypopnea was identified by a clearly discernible decrease in airflow or chest or abdominal plethysmograph amplitude that lasted for at least 10 seconds; both apneas and hypopneas required an associated 4% or greater oxyhemoglobin desaturation. The arousal index (AI) was calculated as the total number of arousals per hour of sleep. The AHI was defined as the average number of apneas plus hypopneas per hour of sleep. Severity of OSA was categorized according to the American Academy of Sleep Medicine (AASM) guidelines: severe (AHI>30), moderate (AHI: 16-30), mild (AHI: 5-15), and no (AHI<5) 21[]
. 
2.3 Pulse Oximeter 
SaO2 monitoring with a high-resolution pulse oximeter wristwatch (PULSOX-300i, Konica Minolta Sensing, Inc., Osaka, Japan) was performed. Each oxygen probe of the oximeter and PSG were attached to different fingers of the nondominant hand. The sampling frequency of the oximeter PULSOX-300i is 1 Hz on memory interval and an averaging time of 3 seconds. 
First, the oximetry recording was visually checked by the technician and obvious artifacts were deleted. The aberrant recording was then scanned and excluded. Next, oxygen desaturation index (ODI), cumulative time percentage with Spo2 88% (CT90), lowest and average Spo2 were extracted from the oximetry data. ODI is the hourly average number of desaturation episodes, which are defined as at least 4% decrease in saturation from the average saturation in the preceding 120 seconds, and lasting 10 seconds. To minimize the bias from oximetry data recorded while the patient was awake, only oximetry recordings obtained between 00:00 hours and 6:00 hours were processed.
2.4 Metabolic Syndrome (MetS)
Participants with MetS were defined by using the criteria proposed by the Taiwan Health Promotion Administration, Ministry of Health and Welfare in 2007 22[]
. MetS was defined as the presence of three or more of the following five criteria: (1) waist circumference ≥ 90 cm in men, ≥ 80 cm in women (replaced by BMI >27 Kgs/m2); (2) blood pressure ≥130/ 85 mm-Hg or self-reported hypertension; (3) fasting glucose (FG) ≥ 100 mg/dl or self-reported diabetes mellitus; (4) triglyceride (TG) ≥ 150 mg/dl; and (5) high-density lipoprotein cholesterol (HDL-C) < 40 mg/dl in men or < 50 mg/dl in women. Based on the receiver operating characteristic curve analysis in National Nutrition and Health Survey in Taiwan, the BMI of 27 kg/m2 can be used in the prediction waist circumference about 90 cm for men and 80 cm for women abdominal visceral obesity 
 ADDIN EN.CITE 
[23, 24]
. We used BMI of 27 kg/m2 instead of waist circumference to assess the central obesity in metabolic profile.
2.5 Statistical analysis

Each subject’s characteristics were compared among three groups that were stratified by the AASM guidelines: severe (AHI>30), mild-moderate (AHI: 5-30), and no (AHI<5). The level of indices exhibited skewed distributions. Therefore, the original data were transformed by using a natural logarithm to approximate a normal distribution. The means and standard deviations were used to describe the distributions of continuous variables. The percentages were used to describe the distributions of categorical variables. Analysis of Variance (ANOVA) and a trend test were used to test the differences among the three groups. Multiple linear regression models were used to test the association between hs-CRP levels and determinants after adjusting for age, sex, smoking, drinking and BMI. To evaluate the impact of OSA and MetS on hs-CRP, multivariate logistic regression analyses were conducted by stratified by the severity of OSA and MetS. The statistical analyses were performed using SPSS, version 19.0, for Windows. All statistical tests were two-sided with p<0.05 set at the level of statistical significance.

3. Results

3.1 Characteristics of participants
The descriptive statistics of these study participants in terms of demographic characteristics, lifestyle behavior, and job types are presented in Table 1. For the severity of OSA subjects were categorized into three groups according to the AASM guidelines: severe OSA group (n=44; 17.9%), moderate and mild OSA group (n=117; 47.8%), and no OSA group (n=84; 34.3%). There was no significant difference in the distribution of marital status, education level, smoking and drinking habits, and weekly driving hours among the three groups. A trend of an older age, higher duration of employment, and higher BMI was shown to be in agreement with the severity of OSA. Therefore, age and BMI were adjusted in the subsequent analyses. 
A high percentage of subjects having a history of heart disease (n=11, 25%), hypertension (n=11, 25%) and MetS (n=38, 86.4%) was found in the severe OSA group in comparison to the others. No significant difference in the distribution of diabetes was found among these three groups.
3.2 Biochemistry indices in relation to the severity of OSA
The researchers performed ANOVA and a trend analysis in order to examine the association of the dose-response gradients for blood pressure, blood lipid, PSG, and ODI in relation to the severity of OSA (Table 2). The results showed that the subjects with severe OSA had a significantly increased trend in metabolic markers including systolic blood pressure, total cholesterol, TG, and HDL-C, and PSG parameters including AI, HI, AHI, ODI-3% and ODI-4%. Moreover, we also found a significantly increased trend in hs-CRP with severity of OSA.
3.3 Effect of markers of MetS and non-MetS on hs-CRP
The multivariate linear regression analyses were conducted to investigate the association between hs-CRP levels and metabolic markers (Table 3). As shown in the model, the presence of MetS was highly associated with hs-CRP levels. A significant association between hs-CRP and BMI was found after adjusting for confounders (β=0.088, p<0.001). Moreover, FG was associated with hs-CRP after adjustment for covariables such as age, smoking, drinking and BMI (β=0.785, p<0.001). However, ODI-4% and ODI-3% had no significant associations with hs-CRP after adjusting for such covariables.
3.4 Associations with hs-CRP values for MetS and OSA
The multiple linear regression models were conducted to investigate the associations with hs-CRP values for OSA and MetS (Table 4). When AHI was evaluated as a continuous variable, the result showed that AHI had a significant association with hs-CRP (model2: β=0.125, p=0.009) adjusting for age, smoking, drinking and MetS status. 
When AHI was evaluated as a categorical variable, the result showed that severe OSA when compared to no OSA group had a significant association with hs-CRP (model2: β=0.533, p=0.005) adjusting for age, smoking, drinking and MetS status.

3.5 Elevated risk of hs-CRP by severity of OSA and MetS
In Figure 2, a multivariate logistic regression model was used to assess the association of stratification by the severity of OSA and MetS in (A) hs-CRP values > 80th percentile (2.558 mg/l) of all study subjects and (B) hs-CRP values > 3.0 mg/l (high risk) after adjusting for age, smoking and drinking. Figure 2A showed that the Mild-Moderate OSA and MetS group and the severe OSA and MetS group showed significantly increased risk in hs-CRP in comparison to the no OSA and no MetS group (AORs: 3.46 and 6.29; 95% CI: 1.22–9.76 and 2.02–19.59, respectively). Figure 2B showed that the no OSA and MetS group, Mild-Moderate OSA and MetS group and the severe OSA and MetS group also showed significantly increased risk in hs-CRP in comparison to the no OSA and no MetS group. Moreover, there was a positive trend for AORs between the stratification by the severity of OSA and MetS in comparison to the no OSA and no MetS group was found. This appears to be an independent effect in hs-CRP.
Discussions

The major finding of this study is that hs-CRP was elevated in men with severe OSA, independent of known confounders. We also have identified an independent effect in hs-CRP between OSA and MetS. Moreover, AHI and FG levels were independent predictors of hs-CRP levels. However, homocysteine levels were not associated with OSA. 
4.1 Relationships between hs-CRP values and OSA
In our study, results obviously showed that OSA associated with elevated hs-CRP no matter what adjusting for BMI or the MetS. CRP levels are widely recognized as potent independent predictors of future cardiovascular events in apparently healthy subjects, as well as in subjects with known cardiovascular disease 
 ADDIN EN.CITE 
[25, 26]
. Recent studies suggest that CRP is a factor in the pathogenesis of atherosclerosis, in part by activating endothelial cells and coronary artery smooth muscle cells. The main acute physiological consequences of OSA are intermittent hypoxia, intrathoracic pressure changes, and arousals. Intermittent hypoxia has been proposed to additionally induce increased release of vasoactive substances 27[]
, and to increase systemic arterial blood pressure 
 ADDIN EN.CITE 
[28]
. According to a trial study including 24 patients with OSA but no comorbidities, CRP levels significantly decreased from 3.7 to 2 mg/l after 4 months of CPAP treatment 29


[ ADDIN EN.CITE ]
. However, in another study, 1 month of CPAP therapy had no effect on levels of CRP in 100 patients with OSA 30


[ ADDIN EN.CITE ]
. This finding is in agreement with a study of 42 patients with OSA and type 2 diabetes, which showed no effect of 3 months of CPAP treatment on levels of CRP 31[]
. A possible explanation for the conflicting findings might be the inclusion of patients with cardiovascular comorbidities in the two larger studies, which might have masked an effect on systemic inflammation. 
4.2 Independent risk of hs-CRP by severity of OSA and MetS

Compared to otherwise healthy obese men with and without OSA have found that OSA is associated with increased CRP levels after controlling for BMI in both adults 
 ADDIN EN.CITE 
[15, 32, 33]
. On the other hand, a study comparing groups with different severity of OSA matched for age and BMI and a fourth group of obese subjects with OSA matched in AHI to the severe OSA group found no increase in CRP in the three BMI-matched groups, whereas the obese group had higher CRP than the AHI-matched group, suggesting that the elevation in CRP was due to obesity and not OSA 34[]
. Although previous studies have suggested that obesity rather than OSA per se is the best predictor of CRP, our result still obviously showed that an independent relationship in hs-CRP was identified with OSA and MetS.
The co-existence of obesity in many OSA patients augments the pro-inflammatory state through increased production of CRP by adipose tissue 12[]
. CRP production may be augmented by adipose tissue in two ways. First, adipose tissue forms a much larger organ than the liver in obese individuals and the contribution of adipose-derived CRP is, therefore, probably of greater significance in obesity than in normal subjects. Secondly, adipose tissue is a major contributor to IL-6 production in the body, thereby further enhancing hepatic CRP production 12[]
. Moreoer, OSA is thought to possibly lead to intermittent hypoxia, increased systemic inflammation, and thereby induce endothelial dysfunction 11[]
. In 2010, nature review article of OSA is to show systemic inflammation is promoted by possibly activation of HIF-1 as well as via increased levels of IL-6 and CRP 11[]
. Thus, CRP levels are elevated in OSA patients, this probably both reflects obesity and intermittent hypoxia. 
4.3 Strengths and Limitations
This study has several strengths. The authors adopted a comprehensive study design to validate the levels of CRP associated with OSA according to the presence or absence of MetS. Previous studies have been limited by methodologies used and small sample size, failing to properly control for BMI, and including patients with established cardiovascular and/or metabolic disease. In contrast, the completely determinants of subjects such as BMI, co-morbidities, age, smoking status and lipid profile were considered in our study. Moreover, the study subjects underwent full PSG, regardless of their sleep complaints or other predictive method. This study adopted the stratified analysis that provides an accurate statistic of the risk level of hs-CRP with different severity of OSA and MetS groups. 
The main limitations are: First, it is a cross-sectional study. Therefore, results may not be interpreted as having a causal association due to a lack of temporality. Secondly, according to Asian-Pacific guidelines for central obesity, optimal waist circumference in Asians is men >90 cm and women >80 cm 35[]
. However, this study used BMI of 27 kg/m2 instead of waist circumference to assess the central obesity in the metabolic profile. Thirdly, the results do not exclude the possibility that in certain cases increased parapharyngeal fat may be predisposed one to upper airway narrowing and OSA. Fourthly, the inclusion of solely male subjects in our study simplifies the interpretation of the results, at the expense that it may not be applicable to women.
4.5 Conclusion
In summary, the present study showed that OSA was strongly associated with hs-CRP, and an independent effect in hs-CRP was identified between OSA and MetS. OSA may be due to its effects on both metabolic regulation and systemic inflammation. The clinical utility of hs-CRP for cardiovascular risk stratification in OSA and MetS patients and its potential use to guide treatment of OSA are important areas requiring further research.
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Legend of Figure:
Figure 1. Flow diagram summarized the enrollment of subjects who had undergone polysomnography (PSG)
Figure 2. The adjusted odds ratio was conducted by stratified by the severity of OSA and MetS (A) in hs-CRP values > 80th percentile (2.558 mg/l) of all study subjects and (B) in hs-CRP values > 3.0 mg/l. (AOR: adjusted odds ratios for age, smoking, and drinking).
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