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INTRODUCTION
Inflammation plays a crucial role in the development of 

plaque in coronary artery disease (CAD).1 Among the tradition-
ally recognized cardiovascular risk factors, obesity is shown 
to have the closest relationship with increased inflammatory 
activity.2 Obstructive sleep apnea (OSA) is a common condi-
tion in patients with CAD3; it is coexisting in individuals with 
obesity, as well as in those with hypertension and diabetes.4,5 
Moreover, it is associated with increased inflammatory ac-
tivity.6 However, whether inflammation is further upregulated 
in CAD with concomitant OSA is currently unknown.

Several biomarkers have been investigated in the context of 
inflammation and CAD. High-sensitivity C-reactive protein 
(hs-CRP) has been studied intensively and found to be asso-
ciated with CAD.7 Moreover, data suggest that interleukin-
(IL) 6 may also be associated with CAD.8 Furthermore, some 
cross-sectional observational studies in sleep clinic cohorts9,10 
as well as in a community-based population,11 have suggested 
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an association between OSA and inflammation regarding hs-
CRP,10 IL-6,10,11 and tumor necrosis factor (TNF)-α.9 There are, 
however, conflicting studies that do not show independent as-
sociations of OSA and inflammation12,13 or no change following 
continuous positive airway pressure (CPAP) treatment.14,15 
Little is known regarding the effect of OSA on inflammatory 
activity in patients with CAD. Because obesity is a common 
condition in OSA,16 and is also related to low-grade inflam-
mation,4,17 it should be considered as a major confounding 
factor when studying the influence of OSA on inflammatory 
activity in patients with CAD. Heart failure, which is known 
to increase inflammatory activity,18 may also confound a pos-
sible relationship between OSA and inflammatory markers in 
a population with CAD.

The Randomized Intervention with CPAP in Coronary Ar-
tery Disease and Obstructive Sleep Apnea (RICCADSA) study 
is a randomized controlled trial (RCT) with 511 participants, de-
signed to investigate whether CPAP treatment of OSA in patients 
with CAD decreases the risk of new cardiovascular events.19,20 
In the current study, we performed a cross-sectional analysis 
of inflammatory biomarkers (hs-CRP, IL-6, IL-8, and TNF-α) 
at baseline to explore the association of OSA with inflamma-
tory activity in patients with CAD and preserved left ventricular 
ejection fraction (LVEF) independent of obesity. Moreover, we 
addressed whether the number of apneas and hypopneas, or the 
degree of intermittent hypoxemia in OSA, is primarily associ-
ated with increased inflammatory activity in CAD.
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METHODS

Patient Population
The study population included in this cohort has been previ-

ously described elsewhere.19,20 In brief, all consecutive patients 
with CAD (N = 1,291) who had recently (< 6 mo) undergone 
percutaneous coronary intervention or coronary artery bypass 
grafting (CABG) in the catchment area of the Skaraborg Hos-
pitals (Skövde and Lidköping) between September 29, 2005, 
and November 7, 2010 were asked to participate in the trial 
(Figure 1). Anthropometrics and medical history were docu-
mented for the whole cohort (Table 1). After exclusion of 32 pa-
tients with a known OSA diagnosis and/or treatment of OSA, a 
total of 1,259 patients were eligible for the study. Among those, 
662 agreed to undergo an ambulatory, polygraphic cardiorespi-
ratory sleep study at home. For the main RCT, 511 patients ful-
filled the inclusion criteria. After exclusion of 64 patients with 
LVEF < 50%, and 2 patients with no echocardiography, 445 
patients remained for inclusion in the current study. Because 
obesity is the major confounding factor when analyzing the as-
sociation between OSA and inflammatory markers in patients 
with CAD,4 the nonobese patients in the RICCADSA study 
(N = 329) were chosen as the main group for the purpose of the 

current analysis. Obese patients with CAD and OSA (N = 110) 
served as an additional control group (Figure 1).

This study complies with the Declaration of Helsinki, and 
the study protocol was approved by the Ethics Committee of 
the Medical Faculty of the University of Gothenburg. The trial 
was registered with ClinicalTrials.gov (NCT 00519597).

Cardiorespiratory Polygraphy at Home
The portable, limited sleep study was performed with the 

Embletta Portable Digital System device (Embla, Broomfield, 
CO, USA), and consisted of a nasal pressure detector using 
a nasal cannula/pressure transducer system, thoracoabdom-
inal movement detection through two respiratory inductance 
plethysmography belts, and a finger pulse oximeter detecting 
heart rate and oxyhemoglobin saturation (SpO2) as well as 
body position and movement detection. The transformed flow 
signal from the cannula was used as the primary signal for 
scoring apneas and hypopneas Apnea was defined as an almost- 
complete (≥ 90%) cessation of airflow, and hypopnea was de-
fined as a reduction in nasal pressure amplitude of ≥ 50% and/
or thoracoabdominal movement ≥ 50% for ≥ 10 sec according 
to the recommendations of the American Academy of Sleep 
Medicine.21 In addition, the total number of significant oxy-
hemoglobin desaturations (decrease by at least 4% from the 
immediately preceding baseline value) was scored, and the 
oxygen desaturation index (ODI) was calculated as the number 
of significant desaturations per hour of estimated sleep. Events 
with a nasal pressure amplitude of ≥ 30% and/or with a reduc-
tion in thoracoabdominal movement ≥ 30% for ≥ 10 sec were 
also scored as hypopneas if there was significant oxygen desat-
uration (≥ 4%).21 OSA was defined as an apnea-hypopnea index 
(AHI) ≥ 15 events/h of the total recording time. All baseline 
screening recordings were scored by the same observer (YP).

Blood Sampling
All fasting blood samples were collected in EDTA and serum 

tubes in the morning between 08:00–10:00 at the time of study 
inclusion following the baseline sleep recordings (median 35 
days; interquartile range (IQR) 20 –45 days with no differences 
between OSA and non-OSA subjects), and on average 97 days 
after intervention (median 92 days; IQR 71–120 days, without 
significant group differences). The tubes were centrifuged and 
the plasma/serum samples were aliquoted and stored at −70°C. 
Serum levels of hs-CRP were measured by immunoturbidim-
etry using the infrared immunoassay rate method and the near-
infrared particle immunoassay at the Karolinska University 
Laboratory (Solna, Sweden) in a routine clinical analyzer.22 The 
detection limit for hs-CRP was 0.20 mg/L with a measuring 
range of 0.20–380 mg/L. The levels of the proinflammatory 
biomarkers IL-6, IL-8, and TNF-α were analyzed in undiluted 
plasma samples using commercially available Milliplex MAP 
(based on Luminex technology) human serum adipokine assay 
kits in accordance with the manufacturer’s instructions (Merck 
Millipore, Billerica, MA). Minimum detectable concentrations 
(the assay sensitivities) for IL-6, IL-8, and TNF-α were 0.6, 0.2, 
and 0.14 pg/mL, respectively. The concentrations of all samples 
(undiluted) were observed within the standard curve, ranging 
from 0 to 10,000 pg/mL for the biomarkers IL-6, IL-8, and 
TNF-α. The intra-assay and interassay variabilities (generated 

Figure 1—Ascertainment of the study sample. AHI, apnea-hypopnea 
index; CAD, coronary artery disease; LVEF, left ventricular ejection 
fraction; OSA, obstructive sleep apnea; RICCADSA, randomized 
intervention with CPAP in coronary artery disease and sleep apnea.
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from the mean of the percentage coefficient of variability from 
multiple reportable results across two different concentrations 
of analytes in one experiment, or from two results each for two 
different concentrations of analytes across several different 
experiments) were 1.4–7.9% and < 21%, respectively.

Variables
Baseline anthropometrics, smoking habits, and medical his-

tories of the entire study population were obtained from the 
medical records after mechanical revascularization. Body mass 
index (BMI) was calculated according to the formula of body 
weight divided by height squared. Obesity was defined as a 
BMI ≥ 30 kg/m2, and abdominal obesity was defined as waist-
to-hip ratio ≥ 0.9 for men and ≥ 0.8 for women.23 Data regarding 
known concomitant diseases, type of mechanical intervention 
(percutaneous coronary intervention or CABG) as well as medi-
cations at baseline were based on the self-reported and/or physi-
cian-diagnosed conditions reported in the hospital records and/
or national registers. Excessive daytime sleepiness was based on 
the subjective Epworth Sleepiness Scale (ESS) questionnaire.24 
Information regarding LVEF was obtained from the echocardio-
graphic investigations at baseline as part of the study protocol 
for secondary endpoints of the main RICCADSA trial.19

Statistical Analysis
Statistical analysis was performed using the IBM SPSS 

version 20.0 for Windows software (SPSS Inc., Chicago, IL, 
USA). For comparison between nonobese non-OSA, nonobese 
OSA, and obese OSA groups, one-way analysis of variance 

was applied for continuous variables, and Pearson chi-square 
test for percentages. For comparison between patients with and 
without OSA within the nonobese group as well as between 
nonobese and obese patients with OSA, post hoc Bonferroni 
analysis was performed where equal variances were found, 
and Games Howell analysis was used where there was no equal 
variance. Because of skewed distribution, all inflammatory 
markers were transformed into their natural logarithmic values 
for determining the relationship between increased inflamma-
tory activity and all demographics, clinical, and sleep param-
eters. Bivariate logistic regression was used to determine the 
relationship between OSA as a categorical variable based on 
AHI ≥ 15 events/h, ODI ≥ 5 events/h, or ODI ≥ 15 events/h, re-
spectively, and the levels of inflammatory biomarkers, anthro-
pomorphic variables, and other comorbidities. All variables 
that were significantly associated in the bivariate analyses 
were subsequently included in the multivariate models. All 
ORs are presented with their 95% confidence intervals (CI). 
Results are presented as mean ± standard deviation, and when 
appropriate, as median with interquartile range. Additional 
linear associations among biomarker values, obesity measures, 
and OSA severity were assessed using Pearson and Spearman 
correlations, and statistical adjustments were done in multiple 
linear regression models. All statistical tests were two-sided, 
and P < 0.05 was considered statistically significant.

RESULTS
As shown in Table 1, the nonobese CAD group with OSA 

was older, consisted of more men, had higher BMI and waist 

Table 1—Demographic and clinical characteristics of the patients with revascularized CAD and preserved ejection fraction.

Nonobese Obese P Value a

NonOSA
AHI < 5
(N = 95)

OSA
AHI ≥ 15
(N = 234)

OSA
AHI ≥ 15
(N = 110)

Age (years) 61.4 ± 9.5 65.3 ± 7.1 *** 62.9 ± 8.6 † 0.012
Male sex (%) 74.7 87.2 ** 78.2 † < 0.001
BMI (kg/m2) 25.2 ± 2.5 26.8 ± 2.1 *** 33.5 ± 3.3 ††† < 0.001
Lean subjects (BMI < 25 kg/m2; %) 44.2 18.8 *** 0.0 < 0.001
Waist circumference (cm) 91.5 ± 8.5 98.1 ± 8.0 *** 113.2 ± 9.8 ††† < 0.001
Waist-to-hip ratio (cm/cm) 1.10 ± 0.98 0.95 ± 0.06 1.01 ± 0.08 ††† 0.151
Abdominal obesity (%) 78.9 91.6 *** 100 ††† < 0.001
Current smokers (%) 22.1 15.0 15.5 0.268
AHI (events/h) 3.1 ± 1.3 28.9 ± 13.7 *** 31.5 ± 16.2 < 0.001
ODI (events/h) 1.6 ± 1.3 16.9 ± 12.3 *** 19.9 ± 16.9 < 0.001
Epworth Sleepiness Scale score 5.8 ± 3.0 7.8 ± 3.9 *** 8.8 ± 4.2 † < 0.001
CABG intervention (%) 16.8 28.2 * 20.0 0.052
Hypertension (%) 45.3 59.4 * 69.1 0.002
Diabetes mellitus (%) 12.6 15.4 40.9 ††† < 0.001
Pulmonary disease (%) 12.6 5.2 * 13.6 †† 0.013
Lipid lowering medication (%) 94.4 94.3 96.4 0.707

Data are presented as mean ± standard deviation or % where indicated. a One-way analysis of variance for continuous variables with posthoc analysis 
with Bonferroni if equal variance, and with Games-Howell if no equal variance was found; Pearson chi-square test for variables in percentages. * P < 0.05, 

** P < 0.01, *** P < 0.001 for comparisons within the nonobese group. † P < 0.05, †† P < 0.01, ††† P < 0.001 for comparisons nonobese OSA and obese OSA 
patients. CAD, coronary artery disease; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; BMI, body-mass-index; ODI, oxygen desaturation 
index; CABG, coronary artery bypass grafting.
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circumference, and the proportion of subjects with abdom-
inal obesity, hypertension, and CABG at baseline was higher 
whereas concomitant lung disease was less common compared 
with nonobese patients with CAD without OSA. The propor-
tion of lean patients was also lower in the nonobese OSA group. 
When comparing obese patients with OSA with the nonobese 
OSA group, the obese subjects were slightly younger, and had 
higher AHI, ODI, and ESS. The proportion of women and 
patients with diabetes mellitus as well as lung disease were 
also higher in the obese group (Table 1). Differences in de-
mographic and clinical characteristics between patients with 
and without OSA did not change much when applying the ODI 
cutoff levels 5 and 15 (data not shown).

As shown in Table 2, the nonobese OSA group with AHI ≥ 15 
events/h had significantly higher levels of hs-CRP and IL-6 
compared with the levels in nonobese patients without OSA 
with AHI < 5 events/h. When comparing obese and nonobese 
patients with OSA, the levels of the biomarkers did not differ 
significantly. Similar results were observed regarding the 

biomarker levels within the groups based on OSA categories 
with ODI cut-off level of 5 events/h (Table 2). In the entire 
cohort, all of the biomarker levels measured were within the 
detection limits.

To further address the relationship between inflammatory 
biomarkers and OSA in the nonobese cohort, a logistic regres-
sion analysis was conducted (Table 3). Bivariate regression 
analysis showed that OSA based on AHI ≥ 15 was associated 
with all analyzed markers in addition to BMI, waist circum-
ference, abdominal obesity, age, male sex, lung disease, and 
hypertension. Similar results were obtained with similar sig-
nificance levels when OSA diagnosis based on ODI ≥ 5 was 
used, except for TNF-α. For the cutoff level of ODI ≥ 15, there 
was a significant relationship with BMI, waist circumfer-
ence, age, and hypertension as well as with hs-CRP and IL-6 
(Table 3). Lipid-lowering treatment and other comorbidities 
were not significant in the univariate regression models.

As shown in Table 4, after adjustment for all significant con-
founding factors, which included age, male sex, BMI, waist 

Table 2—Levels of inflammatory biomarkers in the revascularized CAD cohort with preserved ejection fraction.

 Nonobese Obese P Value a

NonOSA 
AHI < 5

OSA
AHI ≥ 15

OSA
AHI ≥ 15

High sensitivity-CRP (mg/l) 1.1 (0.5–2.4) 1.7 (0.8–3.3) * 2.0 (1.2–3.9) 0.002
Interleukin-6 (pg/ml) 2.5 (0.9–4.6) 3.5 (1.9–7.6) ** 3.6 (1.9–6.7) 0.005
Interleukin-8 (pg/ml) 1.1 (0.8–1.8) 1.3 (0.9–1.9) 1.3 (0.8–2.0) 0.123
Tumor necrosis factor-α (pg/ml) 4.2 (3.0–6.0) 5.0 (3.4–7.0) 5.4 (3.8–7.2) 0.083

ODI < 5 ODI ≥ 5 ODI ≥ 15
High sensitivity-CRP (mg/l) 0.9 (0.5–2.3) 1.9 (0.9–3.7) *** 1.9 (1.1–3.8) < 0.001
Interleukin-6 (pg/ml) 2.6 (1.0–4.4) 3.9 (1.9–8.5) ** 3.6 (2.0–6.6) 0.001
Interleukin-8 (pg/ml) 1.2 (0.8–2.0) 1.3 (0.9–1.9) 1.3 (0.7–2.1) 0.090
Tumor necrosis factor-α (pg/ml) 4.4 (3.1–6.4) 5.0 (3.3–7.3) 5.5 (3.8–7.2) 0.220

Data are presented as median, and interquartile range in parenthesis. a One-way analysis of variance for log-transformed continuous variables with posthoc 
analysis with Bonferroni if equal variance, and with Games-Howell if no equal variance was found. * P < 0.05, ** P < 0.01, *** P < 0.001 for comparisons 
within the nonobese group. No significant differences were found between nonobese and obese OSA patients. CAD, coronary artery disease; OSA, 
obstructive sleep apnea; AHI, apnea-hypopnea index; CRP, C-reactive protein.

Table 3—Significant demographic, clinical and inflammatory biomarker variables associated with OSA based on AHI and ODI cut-off values in the 
nonobese CAD cohort.

AHI ≥ 15 ODI ≥ 5 ODI ≥ 15
Age 1.06 (1.03–1.09) *** 1.06 (1.02–1.09) *** 1.03 (1.00–1.07) *
Male sex 2.30 (1.26–4.20) ** 2.28 (1.26–4.15) ** 1.55 (0.80–3.01)
Body-mass-index 1.36 (1.22–1.52) *** 1.30 (1.17–1.46) *** 1.22 (1.09–1.36) ***
Waist circumference 1.10 (1.06–1.14) *** 1.08 (1.05–1.12) *** 1.06 (1.02–1.09) **
Abdominal obesity 2.93 (1.46–5.84) ** 2.19 (1.08–4.47) * 1.81 (0.79–4.14)
Hypertension 1.77 (1.09–2.86) * 1.76 (1.10–2.83) * 2.18 (1.33–3.61) **
Pulmonary disease 0.37 (0.16–0.87) * 0.40 (0.17–0.93) * 0.67 (0.25–1.77)
Ln High sensitivity-CRP 1.37 (1.09–1.76) ** 1.64 (1.28–2.10) *** 1.55 (1.23–1.95) ***
Ln Interleukin-6 1.34 (1.11–1.63) ** 1.37 (1.14–1.67) ** 1.20 (1.00–1.43) **
Ln Interleukin-8 1.38 (1.00–1.90) * 1.42 (1.03–1.94) * 1.17 (0.86–1.60)
Ln Tumor necrosis factor-α 1.47 (1.00–2.20) * 1.38 (0.95–2.02) 1.07 (0.74–1.56)

Data are presented as bivariate odds ratios with 95% confidence intervals in parenthesis. * P < 0.05. ** P < 0.01. *** P < 0.001. OSA, obstructive sleep 
apnea; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; CAD, coronary artery disease; Ln, natural logarithm; CRP, C-reactive protein.
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circumference, abdominal obesity, lung disease, and hyperten-
sion, AHI ≥ 15 events/h was not significantly associated with 
the biomarkers anymore, whereas ODI ≥ 5 events/h was signif-
icantly associated with both IL-6 and hs-CRP. When applying 
ODI cutoff level of 15, only hs-CRP remained significant.

As shown in Figure 2, hs-CRP levels increased significantly 
with increasing AHI and ODI, respectively, in the entire cohort 
and in the nonobese group whereas there was no linear rela-
tionship between hs-CRP and AHI or ODI within the obese 
OSA group. IL-6 levels increased also with increasing AHI 
in the entire cohort as well as in the nonobese group, whereas 
there was no linear association between IL-6 and AHI in the 
obese patients with OSA (Figure 3). No significant associa-
tions were found between IL-6 levels and ODI values in any 
of the groups. In the multiple linear regression models, AHI 
was associated with hs-CRP levels adjusted for age, male sex, 
BMI, and waist circumference in the entire cohort (beta coef-
ficient 0.114; 95% CI 0.001–0.013; P = 0.029), and in the non-
obese population (beta coefficient 0.121; 95% CI 0.000–0.016; 
P = 0.043). When including ODI instead of AHI in the models, 
there was a linear relationship with hs-CRP in the entire cohort 
(beta coefficient 0.163; 95% CI 0.004–0.020; P = 0.002) as well 
as in the nonobese population (beta coefficient 0.183; 95% CI 
0.006–0.027; P = 0.003).

DISCUSSION
The main finding of the current study was that OSA, based 

on ODI ≥ 5, was independently associated with increased in-
flammatory activity in this nonobese CAD cohort, suggesting 
that inflammatory activity appears to be more closely associ-
ated with the intermittent hypoxemia rather than the number 
of apneic events.

It has been shown that upregulated inflammatory activity is 
associated with increased risk of the development of adverse 
CAD events.25,26 Among inflammatory markers, hs-CRP is 
one of the most studied prognostic markers for new cardio-
vascular events in patients with CAD,7,27 whereas this relation-
ship appears to be modest regarding the primary prevention 
of CAD.28,29 Moreover, IL-6 has also been related to CAD.8 
However, the studies performed in the sleep clinic and popula-
tion-based cohorts have demonstrated an association between 
OSA and inflammation, though the findings were confounded 
by obesity.11,30,31 Observational intervention studies are scarce, 
and ongoing or recently completed randomized trials in this re-
gard are not yet published. As the main analysis of the current 

cohort was made among the nonobese patients with CAD, 
and because the results were additionally adjusted for waist 
circumference and BMI, our findings suggest that the influ-
ence of OSA on the increased inflammatory activity in CAD is 
independent of obesity. The lack of significant differences re-
garding the levels of inflammatory markers between obese and 
nonobese patients with OSA further supports this conclusion.

The biomarkers TNF-α, IL-6, and IL-8 are some of the 
major proinflammatory cytokines and chemokines produced 
by multiple cells of the body, including abdominal adipose 
tissue.32 hs-CRP is an acute phase reactant that is produced 
in the liver, partly in response to IL-6 stimulation.33 The hs-
CRP levels in our cohort, both in the OSA group and the non-
OSA group, were higher than hs-CRP levels in an age- and 
sex-stratified general population,34 which might be explained 
by the fact that the non-OSA subjects in our study were not 
healthy controls, as they already had an established CAD with 
other comorbidities.

To further investigate the association between the increased 
inflammation observed in patients with CAD and OSA, we 
calculated OR for both OSA diagnosis categorically based on 
AHI ≥ 15 events/h, and for OSA diagnosis based on ODI ≥ 5 
events/h as well as ODI ≥ 15 events/h, respectively. In bivar-
iate regression analysis, OSA based on AHI ≥ 15 events/h was 
significantly associated with all four biomarkers but not so in 
the multivariable model, while already at the ODI level of ≥ 5 
events/h, there was a significant relationship between OSA and 
both hs-CRP and IL-6. Interestingly, the relationship between 
ODI ≥ 15 and hs-CRP was still significant, whereas the re-
lationship between ODI ≥ 15 and IL-6 was not. This might 
indicate that IL-6 was triggered earlier than hs-CRP, already 
at a lower ODI cutoff level. Moreover, some patients with ODI 
5–15 events/h, categorized as non-OSA, might have attenuated 
the significance of this relationship.

Our findings regarding that hypoxemia rather than the ap-
neas and hypopneas per se plays a major role regarding the ef-
fect of OSA on the increased inflammatory activity are in line 
with a previous report, suggesting a significant relationship 
between hypoxemia index (% sleep time with oxyhemoglobin 
saturation < 90%) and IL-6 in a community-based population.11 
Though the applied criteria for hypopneas (combination of at 
least 30% decrease in nasal pressure with desaturations, and 
at least 50% decrease regardless of desaturations) according 
to scoring rules from 1999 might have affected the stronger 
association with ODI rather than AHI, these findings are also 

Table 4—Association between OSA based on AHI and ODI cut-off values and the inflammatory biomarkers adjusted for the confounding variables in the 
nonobese CAD cohort.

AHI ≥ 15 ODI ≥ 5 ODI ≥ 15
Ln High sensitivity-CRP 1.20 (0.91–1.57) 1.49 (1.13–1.99) ** 1.38 (1.07–1.78) *
Ln Interleukin-6 1.25 (1.00–1.55) 1.30 (1.05–1.60) * 1.12 (0.92–1.36)
Ln Interleukin-8 1.29 (0.88–1.90) 1.32 (0.91–1.90) 1.09 (0.78–1.52)
Ln Tumor necrosis factor-α 1.22 (0.77–1.93) 1.19 (0.77–1.84) 0.90 (0.60–1.36)

Data are presented as multivariate odds ratios with 95% confidence intervals in parenthesis. * P < 0.05. ** P < 0.01. Variables used in the model: age, male 
gender, body-mass-index, waist circumference, abdominal obesity, hypertension and pulmonary disease. OSA refers to obstructive sleep apnea; AHI, 
apnea-hypopnea index; ODI, oxygen desaturation index; CAD, coronary artery disease; Ln, natural logarithm; CRP, C-reactive protein.
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Figure 2—Correlations between obstructive sleep apnea measures and high-sensitivity C-reactive protein levels in serum in the entire cohort (A), the 
nonobese group (B), and the obese group (C).

r = 0.20, P < 0.0001 r = 0.25, P < 0.0001

r = 0.20, P < 0.0001 r = 0.23, P < 0.0001
A

B
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Figure 3—Correlations between obstructive sleep apnea measures and interleukin-6 levels in serum in the entire cohort (A), the nonobese group (B), and 
the obese group (C).

r = 0.11, P < 0.0001 r = 0.09, P = 0.066

r = 0.12, P = 0.037 r = 0.97, P = 0.092
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B
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in accordance with the previous prospective cohort observa-
tion of the Sleep Heart Health Study suggesting that increased 
risk of cardiovascular mortality is primarily associated with 
intermittent hypoxemia following apneas, rather than apneic 
events themselves.35

It is difficult to compare the different results of previous 
studies regarding the relationship between OSA and inflamma-
tory biomarkers, but as discussed intensively in a recent study by 
Arnardottir and colleagues,36 many of the previous studies had 
low numbers of patients, and few studies had nonobese patients 
with OSA. In the Icelandic Sleep Apnea Cohort, the interac-
tion of OSA and obesity on the inflammatory markers hs-CRP 
and IL-6 was addressed, and OSA severity was found to be an 
independent predictor of levels of these inflammatory markers 
in obese patients but not in the nonobese patients with OSA.36 
In contrast to those findings, our results suggest an independent 
relationship between OSA and inflammatory markers in a non-
obese cohort. The lack of a control group without OSA in that 
report might be an explanation for this contrary. Moreover, our 
population was a CAD cohort, which means that interaction 
between OSA and CAD might trigger an inflammatory activity 
already at the lower levels of OSA severity in nonobese but 
overweight subjects with abdominal obesity. This interaction 
might be seen in otherwise healthy obese individuals with OSA 
but may start earlier in a cohort with concomitant CAD, and 
be confounded by already-established cardiovascular mecha-
nisms and other concomitant comorbidities in obese patients 
with CAD. Indeed, a recent RCT in morbidly obese patients 
with OSA showed no effect of CPAP or weight loss, or both on 
hs-CRP levels after 8 to 24 weeks of treatment.37 Though the 
short-term and long-term mechanisms may vary in interven-
tion studies, the interactions between OSA severity and obesity 
seem to be the main confounding factor regarding the causality 
issue of the inflammatory activity.

The current study has certain limitations. Our results were 
based on a cross-sectional analysis of baseline values of a re-
vascularized CAD cohort, which means that we cannot suggest 
causality between OSA and increased inflammatory activity 
in patients with CAD. However, because the cohort of non-
obese patients with CAD was relatively large, our baseline 
findings are reliable to suggest, at least, OSA as an important 
confounding factor when evaluating the secondary prevention 
models stratified by inflammatory biomarkers in CAD. The 
lack of an obese non-OSA control group is another limitation 
of the current report. However, finding obese control patients 
with CAD who do not have OSA is very challenging, as illus-
trated in Figure 1. As discussed previously, the main purpose 
of the current study was to address the relationship between 
OSA and inflammatory activity in a nonobese CAD cohort, 
and because the results were additionally adjusted for waist 
circumference and BMI, our findings suggest that the influ-
ence of OSA on the increased inflammatory activity in CAD 
is independent of obesity. However, minimal measurement 
of abdominal obesity and body fat in terms of waist circum-
ference and waist-to-hip ratio is also a limitation. Although 
magnetic resonance imaging measurements would provide the 
best information regarding abdominal obesity and body fat, 
this was not the main focus of the RICCADSA trial. Another 
limitation is the lack of blood samples from subjects with AHI 

5.0–14.9 events/h, based on the inclusion criteria of the main 
RICCADSA trial (Figure 1). Thus, the relationship between 
the whole spectra of AHI and inflammatory markers cannot be 
addressed in the current CAD cohort. Finally, one may argue 
that the diagnostic criteria of OSA were based on cardiorespi-
ratory sleep studies in comparison with full polysomnography, 
and could therefore not reflect true sleep time and arousals. 
However, the cutoff value for AHI (15 events/h) chosen for 
OSA diagnosis, as well as the cutoff value (5 events/h) chosen 
for non-OSA, were both previously shown to be reliable for 
the Embletta system38 used in the current trial. Though we had 
polysomnographic recordings before the start of RCT in the 
protocol, these investigations were mainly planned for fur-
ther evaluation of sleepy versus nonsleepy OSA phenotypes 
regarding the primary and secondary outcomes of the RIC-
CADSA trial.19,20

The main strength of the study is that we have focused on 
the nonobese individuals with an established CAD, and also 
adjusted for waist circumference and BMI in the multivariable 
analyses, indicating that the observed associations in this CAD 
population was not mainly driven by obesity, which otherwise 
has been stated in previous reports regarding the relationship 
between increased inflammatory activity and CAD within the 
cardiovascular research field.17 Excluding CAD patients with 
reduced LVEF is an additional strength of the current study, 
minimizing the confounding effect of subclinical heart failure 
on inflammation.18

CONCLUSION
OSA was independently associated with increased inflam-

matory activity in this nonobese CAD cohort. The degree of the 
intermittent hypoxemia, rather than the number of apneas and 
hypopneas, appears to be primarily associated with enhanced 
inflammation. The effect of CPAP treatment on inflammatory 
markers in CAD patients with OSA as well as the prognostic 
value of these associations on the long-term outcomes in the 
RICCADSA trial would hopefully better contribute to the re-
search field in this context.
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