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SLEEP MEDICINE

Appropriate Use of Nasal Continuous
Positive Airway Pressure Decreases
Elevated C-Reactive Protein in Patients
With Obstructive Sleep Apnea
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Kiyotaka Yanagihara, MD, PhD; Yoshiharu Kinugasa, MD, PhD;
Kazuhiko Kotani, MD, PhD; Osamu Igawa, MD, PhD;

Ichiro Hisatome, MD, PhD; Chiaki Shigemasa, MD, PhD; and
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Background: C-reactive protein (CRP) is an important risk factor for cardiovascular disease.
Furthermore, it has been reported that levels of CRP are increased in patients with obstructive
sleep apnea (OSA). The aim of this study was to examine the effects of long-term therapy with
nasal continuous positive airway pressure (nCPAP) on CRP levels and to investigate whether
compliance with nCPAP therapy more effectively attenuated markers of systemic inflammation in
patients with OSA.
Methods and results: Fifty-five patients (mean [+ SEM] age, 55 * 2 years; 44 male patients, 11
female patients) with newly diagnosed moderate-to-severe OSA (apnea-hypopnea index > 20
events/h) were studied before and after 6 months of nCPAP treatment. There was a significant
reduction in CRP levels after nCPAP therapy (before nCPAP therapy, 0.23 = 0.03 mg/dL; after
nCPAP therapy, 0.17 = 0.02 mg/dL; p < 0.01). Additionally, we divided these patients into two
groups based on adherence to nCPAP therapy. A group of patients using nCPAP > 4 h/d and > 5
d/wk were designated as the good compliance group. The decrease in CRP concentration was
significant (before nCPAP therapy, 0.23 = 0.04 mg/dL; after nCPAP therapy, 0.16 = 0.03 mg/dL;
p < 0.05) in the good compliance group but not in the poor compliance group (before nCPAP
therapy, 0.24 = 0.05 mg/dL; after nCPAP therapy, 0.20 £ 0.05 mg/dL; p = 0.21). Furthermore,
we divided those patients into a high CRP group (= 0.2 mg/dL) and a normal CRP group (< 0.2
mg/dL) before nCPAP therapy. The significant decrease in CRP levels in the good compliance
group was evident only in those patients with an initially elevated CRP level (before nCPAP
therapy, 0.48 * 0.08 mg/dL; after nCPAP therapy, 0.29 % 0.06 mg/dL; p < 0.05).
Conclusion: Appropriate use of nCPAP in patients with OSA may be required to decrease elevated
CRP levels, with possible implications for cardiovascular morbidity and mortality.

(CHEST 2009; 136:125-129)

Abbreviations: BMI = body mass index; CRP = C-reactive protein; IL = interleukin; LPL = lipoprotein lipase;
nCPAP = nasal continuous positive airway pressure; OSA = obstructive sleep apnea

O bstructive sleep apnea (OSA) has been increas- levels of CRP, with or without adjustment for age

ingly linked to cardiovascular disease.!? C-reactive
protein (CRP), an important serum marker of Sys-
temic inflammation, has been considered to be a
predictor of cardiovascular events.>* CRP levels
have been reported to be increased in adults® and in
children® with OSA. Punjabi and Beamer” reported
that a strong association was found between the
degree of sleep-disordered breathing and serum
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and several measures of adiposity. Nasal continuous
positive airway pressure (nCPAP) therapy improves
cardiac function in chronic heart failure patients with
OSA.® lowers BP,? and may reduce their mortality.'*
In a previous study,'' nCPAP also decreased levels of
CRP and interleukin (IL)-6 in patients with OSA.
The improvement of apnea-related hypoxemia by
nCPAP may decrease neurohumoral activation and
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cytokines and systemic inflammation, leading to de-
creased cardiovascular morbidity and mortality. Al-
though nCPAP is effective in the management of
OSA, it is also intrusive and poorly accepted by some
patients. There are few data regarding responses of
systemic inflammation according to compliance with
nCPAP, and the available data are controversial.!0-12
Variations in nCPAP therapy compliance may con-
tribute to the inconsistency found in prior studies.
We tested the hypotheses that nCPAP therapy would
lower CRP in patients with moderate-to-severe OSA
and that better compliance with nCPAP therapy
would more effectively lower CRP.

MATERIALS AND METHODS

One hundred forty-seven patients (mean [+ SEM] age, 57 * 1
years; 109 male patients, 38 female patients) with suspected OSA
underwent overnight polysomnography. Ninety of 147 patients
were newly diagnosed with moderate-to-severe OSA (apnea
hypopnea index, > 20 events per hour). Fifty-five patients with
OSA (mean age, 55 * 2 years; 44 male patients, 11 female
patients) who tolerated nCPAP therapy and completed monthly
follow-ups were recruited to participate in our present study. BP
and heart rate were measured in the sitting position after at least
a 15-min rest in the early morning. Baseline blood samples were
obtained while the patient was fasting, in the early morning. The
hours per day and percentage of days that nCPAP was used were
monitored (IC card; Respironics, Inc; Murrysville, PA) with
monthly clinical assessment. Additionally, we divided these pa-
tients into two groups based on usage of nCPAP. The group of
patients using nCPAP > 4 h/d and > 5 d/wk was designated as
the good compliance group. After nCPAP treatment for a mean
duration of 6.1 + 0.5 months, blood samples were drawn again.
Serum levels of CRP were measured with latex agglutination
immunoassay (Mitsubishi Kagaku Yatoron; Tokyo, Japan) [detec-
tion range, 0.01 to 40 mg/dL; normal range, < 0.2 mg/dL]. None
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FIGURE 1. Flowchart of patient recruitment.

of the patients was receiving statin therapy. The study was
approved by the Institutional Review Board for Human Investi-
gation, and written informed consent was obtained from all
subjects before the study.

Statistical Analysis

The difference between the good compliance and poor com-
pliance groups was tested by an unpaired ¢ test. Categorical
variables were compared using a X test. The change in CRP
concentration before and after nCPAP therapy was tested by a
paired ¢ test. A value of p < 0.05 was considered significant.

RESULTS

Fifty-five patients with OSA were treated with
nCPAP (duration, 6.1 = 0.5 months). Overall, there
was a significant reduction in CRP levels after
nCPAP therapy (before nCPAP therapy, 0.23 = 0.03
mg/dL; after nCPAP therapy, 0.17 % 0.02 mg/dL;
p <0.01) [Fig 1]. Additionally, we divided these
patients into two groups by usage of nCPAP. There
was no significant difference between the good
compliance group and poor compliance group in the
demographic data (Table 1), with the exception of
triglyceride levels. The decrease in CRP was signif-
icant (before nCPAP therapy, 0.23 £ 0.04 mg/dL;
after nCPAP therapy, 0.16 = 0.03 mg/dL; p < 0.05)
in the good compliance group (n = 40) but not in the
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Table 1—Demographic Data in Patients With Moderate-to-Severe OSA

Data Good Compliance (n = 40) Poor Compliance (n = 15) p Value

Age. yr 57+ 2 50 = 4 0.068
Gender 0.999

Male 32 12

Female 8 3
AHI, events/h 478 =43 46.3 + 6.4 0.853
Lowest Spo,, % 77+2 78 =3 0.665
Arousal index, arousals/h 37.0 £ 35 319 =62 0.459
BMI, kg/m2 293+ 1.1 315+ 1.3 0.273
Systolic BP, mm Hg 141 =3 141 =5 0.952
Diastolic BP, mm Hg 84 =2 86 + 4 0.606
Heart rate, beats/min 72+ 2 T7T+5 0.242
Total cholesterol, mg/dL 211 =6 211 =8 0.985
TG, lng/dL 138 = 14 208 * 25 0.019
HDL cholesterol, mg/dL 52+ 2 50 =2 0.510
FPG, mg/dL 101 = 4 94 + 4 0.297
Smoking, % 22.0 26.7 0.746
Hypertension, % 45.0 40.0 0.739
Diabetes mellitus, % 175 20.0 0.831

Values are given as the mean = SEM, unless otherwise indicated. AHI = apnea hypopnea index; FPG = fasting plasma glucose; HDL = high-

density lipoprotein; Spo, = pulse oximetric saturation; TG = triglyceride.

poor compliance group (n = 15) [before nCPAP
therapy, 0.24 * 0.05 mg/dL; after nCPAP therapy,
0.20 = 0.05 mg/dL; p =0.21] (Fig 2). However,
nCPAP therapy did not decrease CRP levels in
patients with OSA whose CRP concentration was
already within normal limits (< 0.2 mg/dL). A reduc-
tion of CRP levels was seen only in patients with
OSA whose CRP levels were high (=0.2 mg/dL), and
only in the good compliance group (Fig 3). Body
mass index (BMI) did not change significantly in
either the good compliance group or the poor com-
pliance group. Systolic BP decreased significantly

CRP (mg/dL)

betore atter hefore after

good comphance group poor compliance group
FI1GURE 2. Effect of nCPAP therapy on CRP levels in the good
compliance group (n =40) and the poor compliance group
(n =15). CRP levels decreased significantly only in the good
compliance group. Data are given as the mean = SEM.
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after nCPAP therapy only in the good compliance
group. Lipid profiles decreased significantly in both
groups (Table 2).

DISCUSSION

In the present study, serum levels of CRP de-
creased significantly in patients with OSA after a

A High CRP before nCPAP
D80 [ mm =

W after

=
o
=

CRP (mg/dL)
=

good compliance group (n=14)

B Normal CRP before nCPAP
015

poor compliance group (8=7)

0.12

0.09

CRP (mg/dL)

poor compliance group (n=8)

good compliance group (n=26)

FIGURE 3. Comparison of CRP changes both in patients with
high CRP levels (= 0.2 mg/dL) [A] and in OSA patients with
normal CRP levels (< 0.2 mg/dL) [B] after nCPAP therapy. Data
are given as the mean = SEM.
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Table 2—Changes in Demographic Data Before and After nCPAP Therapy

All (n = 55) Good Compliance (n = 40) Poor Compliance (n = 15)
Data I Before After I Before After I Before After
BMI, kg/ln2 299+ 09 295+ 09 293+ 1.1 290+ 1.1 31.5+1.3 31.0 12
Systolic BP, mm Hg 141 £ 2 135 * 3% 141 £ 3 133 = 3% 141 =5 141 £ 6
Diastolic BP, mm Hg 84 + 2 82+ 2 84 + 2 82+ 2 86 + 4 80 + 4
Heart rate, beats/min 73+2 72*+2 72+ 2 73+ 2 77+5 70 =3
Total cholesterol, mg/dL 211 5 196 = 41 211 *6 195 = 5t 211 =8 199 = 7*
TG, mgdL 154 = 13 127 = 9t 138 = 14 116 = 10* 208 + 25 160 = 21t
HDL cholesterol, mg/dL 52+ 2 52+ 2 52+ 2 52+ 2 50 =2 513
FPG, mg/dL 99 £ 3 103 £ 2 101 £ 4 104 =3 94 + 4 99 £ 3

Values are given as the mean = SEM. See Table 1 for abbreviations not used in the text.

*p < 0.05 vs before.
tp < 0.01 vs before.

mean duration of 6.1 = 0.5 months of nCPAP ther-
apy. However, when we divided these patients into
those with appropriate vs inadequate use of nCPAP,
a significant reduction in CRP levels was seen only in
those OSA patients with appropriate use of nCPAP
and when initial CRP levels were elevated. There-
fore, compliance with nCPAP is important for im-
proving levels of inflammatory markers in patients
with OSA.

CRP promotes the secretion of inflammatory
mediators by the vascular endothelium!* and
opsonizes low-density lipoprotein for uptake by
macrophages in atherosclerotic plaque.'> These data
suggest that CRP may be directly implicated in the
development of atherosclerotic lesions. Ridker clas-
sified cardiovascular risk with high-sensitive CRP,
which has a lower detection limit. Lowest (quintile 1)
to highest (quintile 5) vascular risk was 0.01 to 0.069
mg/dL to > 0.38 mg/dL. The adjusted relative risk of
future myocardial infarction associated with increas-
ing quintiles of high-sensitive CRP among apparently
healthy middle-aged men and women was 1.0 to 2.5
in men and 1.0 to 3.0 in women. With this risk
estimation, CRP levels in our patients with OSA
placed them in the high-risk group. A reduction in
serum levels of CRP is thought to be beneficial for
cardiovascular risk reduction.16

Yokoe et all® reported that 1 month of nCPAP
therapy decreased CRP and IL-6 levels in patients
with OSA. In contrast, Akashiba et al'2 described the
fact that > 6 months of nCPAP therapy did not
decrease CRP levels in patients with OSA. Whether
short-term or long-term nCPAP therapy decreases
CRP levels in patients with OSA is still controversial,
and adherence to nCPAP therapy may be an impor-
tant determinant. This is especially relevant to studies
of the longer-term use of nCPAP when compliance
may decrease over time.!” Therefore, we focused on
compliance with nCPAP therapy in the present
study. We monitored the number of hours per day
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and the percentage of days (IC card; Respironics,
Inc) and conducted a monthly clinical assessment.
We further divided these patients into two groups
based on compliance. A significant reduction of CRP
levels was seen in OSA patients whose CRP concen-
trations were high (= 0.2 mg/dL) only in the good
compliance group.

The potential mechanisms for the reduction of
CRP with appropriate nCPAP therapy may include
the following: first, reduced hypoxic stress with
attenuated nocturnal oxygen desaturation; second,
reduced sympathetic excitation; and third, improved
sleep quality in patients with OSA. Increased plasma
levels of IL-6, IL-1 receptor antagonist, and CRP,
and synthesis of fibrinogen have been noted during
hypoxic conditions at high altitude.'s'® Moreover,
nocturnal hypoxia was positively correlated with IL-6
levels in patients with OSA. The apnea-related hyp-
oxia may be involved in the increased levels of IL-6,
which induces the synthesis of acute-phase proteins,
including CRP.2° Therefore, the appropriate use of
nCPAP may decrease systemic inflammation via reduc-
ing hypoxic stress. Additionally, leptin, which is
elevated in OSA patients,?! may be associated with
increased CRP levels.22

Triglyceride levels decreased significantly in both
the good and poor compliance groups in the present
study. The effect of nCPAP therapy on dyslipidemia
has still not been well elucidated. One potential
mechanism may be related to lipoprotein lipase
(LPL). Iesato et al?® reported decreased LPL levels
in OSA patients. LPL might play a major role in lipid
metabolism by hydrolyzing triglyceride-rich lipopro-
teins. After 3 months of nCPAP therapy, LPL levels
increased significantly in patients with OSA in the
study. Increased LPL levels after nCPAP therapy
may decrease triglyceride levels.

Both acute total and acute partial sleep depriva-
tion may also induce elevated high-sensitive CRP
concentrations in healthy volunteers.2* Improved
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sleep quality with effective nCPAP therapy for OSA
may also contribute to attenuated systemic inflam-
mation.

A limitation of the present study is that some of
our subjects were smokers and were being treated
for hypertension and diabetes mellitus. However, we
did not change or add any medications in these
subjects during the 6-month follow-up period. Fur-
thermore, we excluded patients who were receiving
therapy with statins from this analysis because statins
alter CRP levels. Another limitation is that although
BMI changes were not different in the good vs poor
compliance groups, we cannot exclude the effects of
changes in body fat or in fat distribution as a
potential cause for changes in CRP levels. Finally,
these studies were conducted in Japanese patients. It
is possible that there may be ethnic or racial differ-
ences in the interactions between OSA, CRP, and
nCPAP therapy.

In conclusion, long-term nCPAP therapy was as-
sociated with decreased CRP levels in patients with
OSA and initially elevated CRP levels. The decrease
in CRP levels was significant in the good compliance
group but not in the poor compliance group. This
selective decrease was not explained by other vari-
ables such as changes in drug therapy or greater
weight loss in the good compliance group. The
appropriate use of nCPAP therapy in patients with
OSA may be required to decrease serum levels of
CRP, with possible implications for decreased car-
diovascular morbidity and mortality.
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