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Background—Obstructive sleep apnea (OSA) has been increasingly linked to cardiovascular and cerebrovascular disease.
Inflammatory processes associated with OSA may contribute to cardiovascular morbidity in these patients. We tested
the hypothesis that OSA patients have increased plasma C-reactive protein (CRP).

Methods and Results—We studied 22 patients (18 males and 4 females) with newly diagnosed OSA, who were free of
other diseases, had never been treated for OSA, and were taking no medications. We compared CRP measurements in
these patients to measurements obtained in 20 control subjects (15 males and 5 females) who were matched for age and
body mass index, and in whom occult OSA was excluded. Plasma CRP levels were significantly higher in patients with
OSA than in controls (median [range] 0.33 [0.09 to 2.73] versus 0.09 [0.02 to 0.9] mg/dL, P�0.0003). In multivariate
analysis, CRP levels were independently associated with OSA severity (F�6.8, P�0.032).

Conclusions—OSA is associated with elevated levels of CRP, a marker of inflammation and of cardiovascular risk. The
severity of OSA is proportional to the CRP level. (Circulation. 2002;105:2462-2464.)
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Obstructive sleep apnea (OSA) has been increasingly
linked to cardiovascular and cerebrovascular disease.1,2

Mechanisms such as increased sympathetic activity3 and
endothelial dysfunction have been implicated. Inflammatory
processes associated with OSA4 may also act as potential
mediators of cardiovascular morbidity in these patients.

C-reactive protein (CRP), an important serum marker of
inflammation, is synthesized from the liver and regulated by
cytokines.5 Unlike cytokines, CRP levels are quite stable in
the same individual across 24 hours6 and may reflect the level
of inflammatory response.

Epidemiological studies show that an elevated CRP level
in the high-normal (0.2 to 1.5 mg/dL) range in apparently
healthy men and women is a strong predictor of cardiovas-
cular risk.7,8 In patients with acute coronary artery disease,
stable angina pectoris, and a history of myocardial infarction,
higher CRP is also associated with future cardiovascular
events.9 10

OSA results in repetitive and severe nocturnal hypoxemia
and sleep disturbances.11 The hypoxemia of high altitude
results in increases in interleukin-6 (IL-6)12 and CRP12,13 in
normal humans. Sleep deprivation also induces an increase in
cytokines.4,14 We tested the hypothesis that OSA patients
have increased plasma CRP.

Methods
We compared subjects with moderate to severe OSA (apnea hypop-
nea index [AHI] �20) to those without OSA (AHI �5). We studied

22 patients (18 males and 4 females) with newly diagnosed OSA,
who were free of other diseases, had never been treated for OSA, and
were taking no medications. We compared CRP measurements in
these patients to measurements obtained from 20 control subjects (15
males and 5 females) who were matched for age and body mass
index (BMI), and in whom occult OSA was excluded. The control
group was free of any acute or chronic cardiovascular, inflammatory,
or sleep disorders, and no control subjects were taking medications
at the time of the sleep study. The presence and severity of sleep
apnea were determined by standard overnight polysomnography,
including electroencephalography, electrooculography, electromyo-
graphy, oximetry, thermistor measurements of airflow, and measure-
ments of rib cage and abdominal movements when breathing. The
sleep studies followed a split-night protocol. The first half of the
study intended to diagnose OSA, with a therapeutic trial of contin-
uous positive airway pressure during the second half of the night. An
apnea was defined as complete cessation of airflow for at least 10
seconds. Hypopnea was defined as a reduction of respiratory signals
for at least 10 seconds associated with oxygen desaturation of �4%.
The AHI was calculated as the total number of respiratory events per
hour of sleep.

Baseline demographic data, heart rate, blood pressure (SpaceLabs
blood pressure monitor 90207), and venous blood were collected
before full polysomnography between 8 PM and 10 PM. The quanti-
tative determination of high-sensitivity CRP (hsCRP) was done by
latex particle enhanced immunoturbidimetric assay (Hitachi 912
chemistry analyzer) on serum stored at �80°C. Informed written
consent was obtained from all subjects. The study was approved by
the Institutional Human Subjects Review Committee.

Statistical Analysis
Normal distribution data were expressed as mean�SEM, and the
difference between OSA and controls was tested by an unpaired t
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test. Categorical variables were compared using a �2 test. Plasma
CRP data were skewed to the right and expressed as the median. The
difference between medians in OSA and control subjects was
evaluated using the Wilcoxon rank-sum test. The difference in means
was calculated using one-way breakdown ANOVA. The independent
association between CRP and OSA severity (expressed as AHI) was
analyzed using ANOVA, adjusted for age, sex, BMI, smoking,
alcohol consumption, LDL, and HDL, with CRP as the dependent
variable. A value of P�0.05 was considered significant.

Results
Baseline characteristics of the study population are described
in the Table. The 2 groups were similar with regard to
demographics (age, sex, and BMI), smoking, alcohol, hemo-
dynamics (heart rate and blood pressure) and lipid levels. In
patients with OSA, AHI was 60�5 events/h, and the lowest
oxygen level during sleep averaged 79�1.6%.

Plasma CRP levels were significantly higher in patients
with OSA than in controls (median [range], 0.33 [0.09 to
2.73] versus 0.09 [0.02 to 0.9] mg/dL, P�0.0003; Figure 1).
Mean values were also significantly different (0.81�0.15
versus 0.28�0.12 mg/dL, F�7.9, P�0.008). There was a
significant positive relationship between CRP and AHI
(r�0.55, P�0.008; Figure 2). In multivariate analysis, CRP

levels were independently associated with OSA severity
(F�6.8, P�0.032).

Discussion
There are 2 novel findings in the present study. First, OSA is
associated with elevated levels of CRP, a marker of inflam-
mation and of cardiovascular risk. The heightened CRP
cannot be explained by other demographic or disease condi-
tions. Second, the severity of OSA is proportional to the
plasma CRP levels.

Strong and consistent associations between levels of CRP
and cardiovascular disease have been established in several
studies across different population groups.7 CRP is becoming
an important biomarker for cardiovascular risk determination,
even after adjustment for traditional risk factors typically
used in cardiovascular risk-assessment programs.8 The rela-
tionship between CRP and cardiovascular disease was further
strengthened by the landmark finding that statins reduce
plasma CRP and decrease the incidence of cardiovascular
events.15

Possible mechanisms of cardiovascular dysfunction with
increased levels of CRP have been described recently.16–19

CRP is found within atheromatous plaque,16 correlates with
vascular dysfunction, promotes secretion of inflammatory
mediators by vascular endothelium,17 has a direct role in cell
adhesion molecular expression,18 and opsonizes LDL for
uptake by macrophages in atherosclerotic plaque.19 These
data suggest that CRP may have an important and direct role
in the development of atherosclerotic lesions and in promot-
ing cardiovascular morbidity.

The levels of CRP detected in our patients with OSA are
comparable to the levels associated with healthy individuals
at high risk for future cardiovascular events.7 Given the close
matching of patients and controls and the absence of other
significant cardiovascular or inflammatory disease condi-
tions, it seems unlikely that factors other than obstructive
sleep apnea can explain the strikingly higher levels of CRP
noted in OSA patients. The significant correlation between
levels of CRP and measurements of OSA severity speaks
further to the possible causal interaction between sleep apnea
and increased CRP. The association between polysomno-
graphic measures and CRP levels may be underestimated
because of the split-night protocol. Studies are presently

Baseline Characteristics and Hemodynamic and Sleep Profiles
in Controls and OSA Patients

Patients With OSA
(n�22)

Controls
(n�20) P

Sex, M:F 18:4 15:5 NS

Age, y 48�3 43�3 NS

BMI, kg/m2 36�4 34�4 NS

Smoking, nonsmoker:smoker 17:5 18:2 NS

Alcohol, drinks/wk 2.5�0.6 1.8�0.6 NS

Mean BP, mm Hg 97�2 92�2 NS

Heart rate, bpm 78�3 71�3 NS

HDL, mg/dL 38�2.4 37�2.7 NS

LDL, mg/dL 121�8 109�9 NS

Awake oxygen saturation, % 96�0.4 97�0.04 NS

AHI, events/h 60�5 3�1 �0.0001

Arousal index, events/h 51�5 16�5 �0.0001

Values are mean�SEM.

Figure 1. Box plot showing plasma CRP in OSA patients (n�22)
and controls (n�20). Middle horizontal line inside box indicates
median. Bottom and top of the box are 25th and 75th percen-
tiles, respectively.

Figure 2. Regression of CRP levels versus AHI.
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being initiated to determine whether treatment of OSA lowers
CRP levels.

Mechanisms linking OSA to increased CRP may include
repetitive hypoxemic stress and sleep deprivation. Increased
plasma IL-6,12,13 IL-1 receptor antagonist, and CRP12 and the
synthesis of fibrinogen13 have been noted during hypoxic
conditions at high altitude. Increased daytime plasma levels
of IL-6 were also noted after sleep deprivation and in patients
with excessive daytime sleepiness.4,14,20 IL-6 is one of the key
regulators of CRP synthesis by the liver.5 The repetitive
apneas during OSA induce not only hypoxemia, but also
sleep fragmentation with consequent insufficient sleep and
daytime somnolence. Thus, both hypoxia and sleep distur-
bances in OSA may contribute to elevated CRP in patients
with OSA.

In conclusion, we have shown that patients with OSA have
increased plasma CRP levels. The magnitude of CRP eleva-
tion is associated significantly with the severity of OSA and
does not seem to be explained by other factors such as
demographics or co-existing disease states. Given the com-
pelling epidemiological and mechanistic evidence implicat-
ing increased CRP in cardiovascular disease processes, CRP
may be an important factor linking OSA to cardiovascular
and cerebrovascular pathology. We speculate that interven-
tions targeted at reducing CRP in OSA patients may provide
a strategy for attenuating the progression of cardiovascular
and cerebrovascular disease in patients with OSA.

Acknowledgments
This work was supported by a Perkins Memorial Award, and by
National Institutes of Health grants TW05463, HL-65176, HL-
61560, HL-70602, and M01-RR00585.

References
1. Nieto FJ, Young TB, Lind BK, et al. Association of sleep-disordered

breathing, sleep apnea, and hypertension in a large community-based
study. Sleep Heart Health. JAMA. 2000;283:1829–1836.

2. Peppard PE, Young T, Palta M, et al. Prospective study of the association
between sleep-disordered breathing and hypertension. N Engl J Med.
2000;342:1378–1384.

3. Somers VK, Dyken ME, Clary MP, et al. Sympathetic neural mechanisms
in obstructive sleep apnea. J Clin Invest. 1995;96:1897–1904.

4. Vgontzas AN, Papanicolaou DA, Bixler EO, et al. Elevation of plasma
cytokines in disorders of excessive daytime sleepiness: role of sleep
disturbance and obesity. J Clin Endocrinol Metab. 1997;82:1313–1316.

5. Castell J, Gomez-Lechion M, David M. Acute phase response of human
hepatocyte: regulation of acute-phase protein synthesis by interleukin-6.
Hepatology. 1990;12:1179–1186.

6. Meier-Ewert HK, Ridker PM, Rifai N, et al. Absence of diurnal variation
of C-reactive protein concentrations in healthy human subjects. Clin
Chem. 2001;47:426–430.

7. Ridker PM. High-sensitivity C-reactive protein: potential adjunct for
global risk assessment in the primary prevention of cardiovascular
disease. Circulation. 2001;103:1813–1818.

8. Danesh J, Whincup P, Walker M, et al. Low grade inflammation and
coronary heart disease: prospective study and updated meta-analyses.
BMJ. 2000;321:199–204.

9. Lindahl B, Toss H, Siegbahn A, et al. Markers of myocardial damage and
inflammation in relation to long-term mortality in unstable coronary
artery disease. FRISC Study Group. Fragmin during Instability in Coro-
nary Artery Disease. N Engl J Med. 2000;343:1139–1147.

10. Ridker PM, Rifai N, Pfeffer MA, et al. Long-term effects of pravastatin
on plasma concentration of C-reactive protein. The Cholesterol and
Recurrent Events (CARE) Investigators. Circulation. 1999;100:230–235.

11. Peled N, Greenberg A, Pillar G, et al. Contributions of hypoxia and respi-
ratory disturbance index to sympathetic activation and blood pressure in
obstructive sleep apnea syndrome. Am J Hypertens. 1998;11:1284–1289.

12. Hartmann G, Tschop M, Fischer R, et al. High altitude increases circu-
lating interleukin-6, interleukin-1 receptor antagonist and C-reactive
protein. Cytokine. 2000;12:246–252.

13. Imoberdorf R, Garlick PJ, McNurlan MA, et al. Enhanced synthesis of
albumin and fibrinogen at high altitude. J Appl Physiol. 2001;90:
528–537.

14. Vgontzas AN, Papanicolaou DA, Bixler EO, et al. Circadian interleukin-6
secretion and quantity and depth of sleep. J Clin Endocrinol Metab.
1999;84:2603–2607.

15. Albert MA, Danielson E, Rifai N, et al. Effect of statin therapy on
C-reactive protein levels: the pravastatin inflammation/CRP evaluation
(PRINCE): a randomized trial and cohort study. JAMA. 2001;286:64–70.

16. Torzewski M, Rist C, Mortensen R, C-reactive protein in the arterial intima:
role of C-reactive protein receptor-dependent monocyte recruitment in
atherogenesis. Arterioscler Thromb Vasc Biol. 2000;20:2094–2098.

17. Lagrand WK, Visser CA, Hermens WT, et al. C-reactive protein as a
cardiovascular risk factor: more than an epiphenomenon? Circulation.
1999;100:96–102.

18. Pasceri V, Willerson JT, Yeh ET. Direct proinflammatory effect of
C-reactive protein on human endothelial cells. Circulation. 2000;102:
2165–2168.

19. Zwaka TP, Hombach V, Torzewski J. C-reactive protein-mediated low
density lipoprotein uptake by macrophages: implications for atheroscle-
rosis. Circulation.;2001;103:1194–1197.

20. Shearer WT, Reuben JM, Mullington JM, et al. Soluble TNF-alpha
receptor 1 and IL-6 plasma levels in humans subjected to the sleep
deprivation model of spaceflight. J Allergy Clin Immunol. 2001;107:
165–170.

2464 Circulation May 28, 2002


