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Study Objectives: Obstructive sleep apnea (OSA) is associated with an increased risk of cardiovascular disease. One contributory factor may be
hemodynamic stress due to the negative intrathoracic pressure during each episode of apnea. Type B natriuretic peptide (BNP) is secreted by the
cardiac ventricles in response to volume expansion and pressure load and the authors hypothesized that there would be an association between
indices of OSA during the night and levels of BNP in the morning.

Setting: Community-based in Uppsala, Sweden.

Participants: There were 349 women who participated.

Measurements and Results: Participants underwent full-night polysomnography and anthropometric measurements, and answered question-
naires about medical conditions and current medication. The morning after the polysomnography, blood samples were drawn for analysis of plasma
BNP, C-reactive protein, creatinine, and hemoglobin. There was an increase in mean BNP as the severity of sleep apnea increased, increasing from
a mean value of 8.5 ng/L among women with an apnea-hypopnea index (AHI) < 5 to 18.0 ng/L in women with an AHI = 30. Elevated BNP levels (=
20 ng/L) were found in 29.8% of the women, whereas 70.2% had normal levels. The odds ratio was 2.2 for elevated BNP levels for women with an
AHI of 5-14.9 in relation to women with an AHI < 5, 3.1 for women with an AHI of 15-29.9, and 4.6 for women with an AHI = 30 after adjustment
for age, body mass index, systolic blood pressure, antihypertensive drugs, and creatinine.

Conclusions: There is a dose-response relationship in women between the severity of sleep apnea during the night and the levels of BNP in the morning.
Keywords: Community-based, epidemiology, heart failure, polysomnography, sleep apnea

Citation: Ljunggren M; Lindahl B; Theorell-Haglow J; Lindberg E. Association between obstructive sleep apnea and elevated levels of type B

natriuretic peptide in a community-based sample of women. SLEEP 2012;35(11):1521-1527.

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by a recurrent
partial or complete collapse of the upper airway during sleep. In
combination with excessive daytime sleepiness, the condition is
known as obstructive sleep apnea syndrome (OSAS), affecting
3%—7% of adult males and 2%—5% of adult women.! OSAS is
associated with an increased risk of cardiovascular disease and
mortality? but the underlying pathophysiologic mechanisms are
not fully understood. One of the mechanisms that has been sug-
gested as a contributing factor is the hemodynamic stress caused
by the negative intrathoracic pressure during each apnea episode
caused by attempts to breathe against an occluded airway.’

Type B natriuretic peptide (BNP), a diuretic and vasodila-
tory hormone, is secreted by the cardiac ventricles in response
to volume expansion and pressure load.* In everyday practice,
BNP and N-terminal probrain natriuretic peptide (NT-pro-
BNP) serve as diagnostic and prognostic markers of heart fail-
ure. In community-based studies, elevated levels of natriuretic
peptides have also been reported to represent an increased risk
of cardiovascular events and death.>

In 1998, Kita et al.” reported increasing levels of BNP during
sleep in patients with OSAS and reduced BNP levels with con-
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tinuous positive airway pressure (CPAP) treatment. Subsequent
studies have produced conflicting data, as a significant asso-
ciation between sleep apnea and natriuretic peptides has been
reported by some®® but not by others.'*!* Most of these studies
are small, based on symptomatic patients who are referred to
sleep clinics, and generally include men or only few women.
Little is known about the association between OSA and BNP in
the general population.

The aim of this study was to analyze the possible association
between OSA during the night and levels of BNP the following
morning in a community-based sample of women.

METHODS

Population

In Phase I of the population-based study “Sleep and Health
in Women” that started in the year 2000, a random sample of
women age 20 years and older was sent a postal questionnaire
with 109 questions on sleep disturbances and somatic disor-
ders. The women were randomly selected from the population
registry of the city of Uppsala, Sweden. The response rate was
71.6%, with a total of 7,051 women responding to the ques-
tionnaire. Based on their answer to the question “How often
do you snore loudly and disturbingly?” the participants were
categorized as nonsnorers (answering “never”, “seldom” or
“sometimes”, n = 6,515) or snorers (answering “often” or “very
often”, n = 518).

Of the total study population age 70 years and younger
(n = 6,112), a random sample of 170 women from the entire
study population and a random sample of 230 snorers partici-
pated in Phase II of the study. Women who were expected not
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to manage to perform the ambulatory recordings because of
severe somatic or psychiatric disease were excluded.'® The cur-
rent study is based on the Phase II cohort.

Study Protocol

All 400 participants underwent full-night polysomnography
in their own home or at the patients’ hotel at the hospital (see
following paragraphs). In the evening before the polysomnog-
raphy the participants arrived at the Sleep Laboratory at Uppsa-
la University Hospital, where the polysomnography equipment
was set up. They completed a questionnaire, which included
specific questions about hypertension, myocardial infarction,
chronic heart failure, angina pectoris, stroke, diabetes, and
current medication. Daytime sleepiness was assessed by the
Epworth Sleepiness Scale!” and a value of 10 or more was re-
garded as excessive daytime sleepiness. The women were also
given vessels in which to collect their urine during the night of
the polysomnography. The next morning they returned to the
hospital while fasting, the polysomnography equipment was re-
moved, and urine volume was measured. Blood samples were
drawn and blood pressure was taken in the right arm after 15
min of rest in the supine position. The participants’ height and
weight were measured and body mass index (BMI) was calcu-
lated. Waist circumference was measured midway between the
lower rib margin and the anterior superior iliac while standing
and the sagittal abdominal diameter was measured while supine
with the back against the underlying surface.'® An electrocar-
diogram was taken to detect atrial fibrillation.

The blood samples for C-reactive protein (CRP), creatinine,
hemoglobin, and BNP, all taken between 07:00 and 09:00 the
morning after the polysomnography, were analyzed at the De-
partment of Clinical Chemistry and Pharmacology at Uppsala
University. The plasma levels of BNP were analyzed using an
immunoradiometric assay (Shionoria BNP, Shionogi, Japan).
The lower detection limit was 4 ng/L and a value of > 20 ng/L
was regarded as elevated, in accordance with the reference val-
ue of the method.

Plasma BNP values are available for 350 of the 400 wom-
en. This is due to a change in the analysis method for BNP
at the laboratory during the study period and problems obtain-
ing blood from some participants. One woman did not have an
acceptable polysomnography recording, leaving a total study
population of 349 individuals.

Polysomnography

The polysomnography was conducted using the ambulatory
EMBLA system (Flaga Inc., Iceland) with 16 channels: two
electroencephalography leads (C3-A2, C4-Al), two electroocu-
lography leads, three electromyography leads (submental, left
and right anterior tibialis muscles), two airflow leads (oronasal
thermistor and nasal flow pressure sensor), two respiratory ef-
fort leads from piezoelectric belts (thoracic and abdominal), two
electrocardiography leads, one pharyngeal sound lead, one ox-
imeter lead, and one body position lead. Data were downloaded
to the Somnologica reviewing analysis software (Version 2.0;
Flaga Inc.) and sleep was scored manually in 30-sec epochs ac-
cording to the standard criteria of Rechtschaffen and Kales."

An obstructive apnea was defined as the complete cessation
of nasal and oral airflow lasting 10 sec or more with continuing
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abdominal and thoracic movements. An obstructive hypopnea
was defined as a > 50% reduction in both oronasal thermistor
and nasal pressure for at least 10 sec, compared with baseline,
accompanied by abdominal and thoracic movements, in com-
bination with a desaturation of > 3% or an arousal. The apnea-
hypopnea index (AHI) was calculated as the mean number of
obstructive apneas and hypopneas per hour of sleep. The oxy-
gen desaturation index (ODI) was defined as the mean number
of desaturations of > 4% per hour of sleep. Central apneas were
scored at the cessation of both oronasal thermistor and nasal
pressure for 10 sec without respiratory movements, in combi-
nation with an oxygen desaturation of 3% or more. In addition,
data on mean oxygen saturation, lowest oxygen saturation, time
with saturation below 90%, 80%, and 70%, respectively, and
AHI with different levels of accompanying hypoxia was ob-
tained from the polysomnography recordings.

Statistical Methods

Statistical analyses were performed using Stata 10.0 (Stata
Corporation, College Station, TX). Plasma BNP levels be-
low the lower detection limit, 4 ng/L, were given a value of
2 ng/L. Comparisons of baseline data between groups were
performed using the unpaired #-test for normally distributed
variables, the Mann-Whitney U test for continuous variables
that were not normally distributed, and the chi-square test for
proportions. Association between plasma BNP and variables
of OSA were analyzed with linear regression, first in a uni-
variate model and then in two multivariate models: the first
adjusting for age and BMI and the second also adjusting for
systolic blood pressure, antihypertensive drugs, and P-creati-
nine. Before performing the calculations, the continuous vari-
ables that were not normally distributed (p-BNP, AHI, ODI,
lowest oxygen saturation, and mean oxygen saturation) were
log-transformed using the base-10 log. Censoring BNP values
less than the lower limit of detection at a value of 2 ng/L may
result in a left censored data set. To address this issue, Spear-
man rank correlation test and Spearman partial rank correla-
tion tests were performed. Plasma BNP was divided into two
categories, normal (< 20 ng/L) or elevated (=20 ng/L) levels,
whereas the AHI and ODI was divided into four categories
based on commonly used clinical thresholds: zero to < 5,
5-14.9, 15-29.9, and > 30 events/hr. The association between
elevated levels of BNP and AHI groups and ODI groups, re-
spectively, was analyzed using logistic regressions. To exam-
ine the association between sleep disordered breathing across
desaturation thresholds, analyses were conducted with AHI
across different oxyhemoglobin desaturation thresholds. Each
multivariable model for a specific desaturation threshold also
included a term that accounted and adjusted for sleep dis-
ordered breathing events with oxyhemoglobin desaturation
above the threshold being examined. The null hypothesis was
rejected at a level of P < 0.05.

The study was approved by the Ethics Committee at the
Medical Faculty at Uppsala University (approval number
99486) and all the participants gave their informed consent.

RESULTS
Of the 349 participants, 121 (34.7%) had a normal AHI (de-
fined as an AHI < 5), 113 (32.4%) had an AHI of 5-14.9, and
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Table 1—Baseline characteristics

All

n =349
Age, yr 498+ 11.3
BMI, kg/m? 265+49
Waist circumference, cm 90.7 £44.6
Sagittal abdominal diameter, cm 219+ 14.6
Systolic blood pressure, mm Hg 126.1£20.9
Diastolic blood pressure, mm Hg 789+10.6
Hypertension, n (%) 55 (16.2)
Use of antihypertensive drugs,* n (%) 54 (15.5)
Heart failure, n (%) 3(0.9)
Previous myocardial infarction, n (%) 3(0.9)
Atrial fibrillation, n (%) 1(0.3)
p-BNP, ng/L 12.0 (6.0 - 23.0)
P-creatinine, umol/L 84.0+£10.7
B-hemoglobin, g/L 135.0 £ 9.6
p-C-reactive protein, mg/L 27+33
Urine volume, mL 500.0 + 247.3

index; BNP, type B natriuretic peptide.

Data presented as means + SD for normally distributed data, as median (Inter-quartile range) for not normally distributed data or as n (%). *Angiotensin
Il receptor antagonists, beta blockers, diuretics, angiotensin-converting enzyme inhibitors, calcium channel blockers, and alpha blockers. BMI, body mass

p-BNP <20 p-BNP = 20
n=245 n=104 P value
475+ 11.0 55.2+10.2 <0.001
264 +5.1 26.8+4.6 0.5077
914 +£52.8 89.0 £ 11.1 0.6440
223+17.3 21.0+3.2 0.4368
123.2 £ 19.1 133.1+£23.2 <0.001
778 £10.7 816+9.9 0.0019
28 (11.8) 27 (26.7) 0.001
28 (11.4) 26 (25.0) 0.001
0(0.0) 3(3.0) 0.008
2(0.8) 1(1.0) 0.874
0(0) 1(1.0) 0.129
8.2(5.0-13.0) 35.0(25.0-43.5) <0.001
83.9+96 845+£12.8 0.6322
135.2+£99 134.8 £ 9.1 0.7115
26+33 27+35 0.8929
480.5 £244.0 545.9 + 250.0 0.0257

77 (22.1%) had an AHI of 15-29.9, whereas severe sleep apnea,
with an AHI of > 30, was found in 38 women (10.9%).

The plasma levels of BNP ranged from the lower detection
level of <4 ng/L to 113 ng/L, with a mean value of 11.4 ng/L.
Elevated plasma BNP levels (> 20 ng/L) were found in 104
women (29.8% of the study population) whereas 245 partici-
pants (70.2%) had normal levels. The baseline characteristics
are presented in Table 1. Participants with elevated plasma BNP
levels were significantly older, had higher blood pressure, and
were more frequently on antihypertensive medication (Table 1).
There were no significant differences in BMI or central obesity
or in the levels of hemoglobin, creatinine, or CRP between the
two groups. A high level of plasma BNP was associated with
somewhat higher urine volumes during the night.

There was an increase in mean BNP as the severity of sleep
apnea increased from a mean value of 8.5 ng/L among women
with an AHI <5 to 18.0 ng/L in women with severe sleep apnea
with an AHI > 30 (P for the trend < 0.001). A box plot showing
the distribution of BNPs level in the AHI groups is presented
in Figure 1.

When the population was subdivided into normal or in-
creased BNP, OSA was more common among women with
increased BNP. On the other hand, the occurrence of daytime
sleepiness did not differ significantly between the two groups
(Table 2). The number of central apnea episodes was low in the
entire study population.

In the univariate regression model, there was a linear asso-
ciation between variables of sleep apnea and plasma BNP. For
AHI and ODI, this association remained after adjustment for
the confounders of age and BMI, as well as after adjustment
for systolic blood pressure, antihypertensive drugs, and plasma
creatinine (Table 3). Results from the Spearman rank correla-
tion test and Spearman partial rank correlation tests (addressing
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Figure 1—Distribution of BNP by AHI group. The box is the 25 — 750
percentile (including 50% of the participants), the line in the box is the
median, the whiskers the 5" to 95" percentile, and the dots the outliers.

the possible issue of a left censored data set) showed no differ-
ence compared with the results from the multiple linear regres-
sion models (data not shown).

There was a dose-response relationship between increasing
severity of sleep apnea and elevated BNP. This relationship re-
mained after adjustment for confounders (Table 4). A similar
dose-response relationship was seen between elevated BNP and
ODI with adjusted odds ratios of 1.7 (0.9-3.2; 95% confidence
interval [CI]), 3.0 (1.2-7.2) and 4.2 (1.2-14.8) for ODI 5-14.9,
15-29.9, and > 30, respectively. To further analyze how differ-
ent levels of hypoxia were associated with BNP, linear regres-
sion analyses were performed using AHI with different levels
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Table 2—Sleep disordered breathing and associations with p-BNP levels

All
n =349

AHI 76(3.1-17.8)
Severity of sleep apnea

AHI <5, n (%) 121 (34.7)

AHI'5-14.9,n (%) 113 (32.4)

AHI15-29.9, n (%) 77 (22.1)

AHI'= 30, n (%) 38(10.9)
ODI 4% 20(1.0-7.0)
Mean oxygen saturation, % 96.0 (94.0 - 96.0)
Lowest oxygen saturation, % 89.0 (84.0-92.0)
ESS, mean 86+4.2
ESS =10, n (%) 137 (39.8)
Central apneas, mean® 40+233

p-BNP <20
n =245

6.2 (2.7 - 15.0)

m4m 5)
78(31.8)
45 (18.4)
18(7.4)
0(1.0-5.0)
%w%09M)
90.0 (85.0 — 93.0)
88+43

100 (41.7)
20+58

p-BNP 2 20
n=104

14.6 (6.1 - 26.4)

7(16.4)
5(33.7)
2 (30.8)
19.2)
5.0(1.0-13.5)
95.0 (94.0 - 96.0)
87.0(83.0-91.0)
82+40
37 (35.9)
88417

20
0

Py

P value
<0.001
<0.001

<0.001
0.0099
0.0006
0.2563
0.319
0.0227

Data presented as means + SD for normally distributed data, as median (IQR) for not normally distributed data or as n(%). *Total number. AHI, apnea-

hypopnea index; BNP, type B natriuretic peptide; ODI, oxygen desaturation index; ESS, Epworth Sleepiness Scale.

Table 3—Linear regression model with dependent variable p-BNP

Adjusted for age, BMI, systolic
blood pressure, antihypertensive

Unadjusted Adjusted for age and BMI drugs, and P-creatinine
Independent variable B-coef (95% CI) P value B-coef (95% CI) P value B-coef (95% CI) P value
AHI 0.194  (0.12-0.27) <0.001 0.119  (0.03-0.21)  0.008 0.117  (0.03-0.21)  0.009
ODI 4% 0.176  (0.10-0.25) <0.001 0121 (0.03-0.21)  0.008 0.110  (0.02-0.20)  0.016
Lowest oxygen saturation -2.155  (-3.53--0.78)  0.002 -0.917  (-240-0.56)  0.224 -0.665 (-2.18-0.85)  0.387
Mean oxygen saturation ~ -8.712 (-14.27--3.15)  0.002 0488 (-6.91-594)  0.881 -0.324 (-6.80-6.16)  0.922

All variables including p-BNP have been log transformed using the base 10 log. Each line in the table represents a separate regression model.
AHI, apnea-hypopnea index; BMI, body mass index; BNP, type B natriuretic peptide; Cl, confidence interval; coef; coefficient; ODI, oxygen desaturation index.

Table 4—Results of logistic regression analysis with dependent variable p-BNP > 20

Adjusted for age, BMI, systolic
blood pressure, antihypertensive

Unadjusted Adjusted for age and BMI drugs, and P-creatinine
Independent variable OR (95% CI) P value OR (95% CI) P value OR (95% Cl) P value
AHI <5 1.0 1.0 1.0
AHI 5-14.9 2.7 (14-53) 0.002 22 1.1-4.4 0.023 22 (1.1-44) 0.026
AHI 15-29.9 44 (2.2-8.6) <0.001 3.0 14-6.3 0.004 3.1 (1.4-6.5) 0.004
AHI 230 6.8 (3.0-154) <0.001 49 19-12.6 0.001 4.6 (1.8-119)  0.002

AHI, apnea-hypopnea index; BMI, body mass index; BNP, type B natriuretic peptide; Cl, confidence interval; OR, odds ratio.

of accompanying hypoxia as independent variables. However,
these analyses showed no associations with BNP after adjusting
for confounders (Table 5).

In the entire group, three persons had known heart failure
and all of them had elevated levels of BNP (23 ng/L, 70 ng/L,
and 100 ng/L). One of the participants with known heart failure
had experienced a myocardial infarction. Another two women
reported having had a myocardial infarction, but they had no
known heart failure and normal levels of BNP. Atrial fibrillation
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was detected in one woman and she also had an elevated BNP
level (25 ng/L). All significant associations reported in Tables
3 and 4 remained when these six women were excluded from
the calculations.

DISCUSSION

The main finding in this study is that, in a community-based
sample of women, there is a dose-response relationship be-
tween the severity of sleep apnea during the night and the levels
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Table 5—Linear regression model with dependent variable p-BNP

Adjusted for age, BMI, systolic
blood pressure, antihypertensive

Unadjusted Adjusted for age and BMI drugs, and P-creatinine
Independent variable B-coef (95% CI) P value B-coef (95% CI) P value B-coef (95% Cl) P value
AHlg 0195 0.047  (-0.02-0.12) 0.18 0.00003 (-0.07-0.07)  0.999 0.007  (-0.07-0.08) 0.84
AHl 0009, 0.117 (0.06-0.17) <0.001 0.045  (-0.02-0.11) 0.20 0.049  (-0.02-0.12) 0.17
AHl3 0560 0.091 (0.04-0.14) <0.001 -0.0006 (-0.07-0.07)  0.99 0.001  (-0.07-0.07) 0.98
AH, 590 0.085  (0.05-0.12) <0.001 0.032  (-0.03-0.09) 0.29 0.035 (-0.02-0.09) 0.24
AHl. 600 0.067  (0.03-0.10) <0.001 0.037  (-0.003-0.08) 0.07 0.033  (-0.008-0.07) 0.12

All variables (both dependent and independent) have been log transformed using the base 10 log. The adjusted models also include a term that accounted
and adjusted for sleep disordered breathing events with oxyhemoglobin desaturation above the threshold being examined. AHI, apnea-hypopnea index; BMI,
body mass index; BNP, type B natriuretic peptide; Cl, confidence interval; coef; coefficient.

of plasma BNP in the morning. This association could not be
explained by known confounding variables such as age, BMI,
blood pressure, or renal function.

Our findings are in accordance with some previous studies.
Kita et al.” found an increase in the plasma levels of BNP during
the night in patients with severe OSAS, and treatment with nasal
CPAP reduced the elevated levels of BNP during sleep. Their
study population was limited to 12 male and 2 female patients.
Moreover, in a Greek study in which children with habitual snor-
ing were investigated with overnight polysomnography, Kaditis
et al.? found that an overnight increase in BNP levels was cor-
related with the severity of sleep apnea during sleep.

In the current study there was also a dose-response relation-
ship between ODI levels and elevated BNP, although there was
no significant association between lowest oxygen saturation,
mean oxygen saturation, or AHI with different levels of hypoxia
and the dependent variable BNP. The dose-response relationship
between ODI levels and elevated BNP may indicate that inter-
mittent hypoxia can play a role in the relationship between OSAS
and BNP; however, there was no association between AHI with
different levels of hypoxia and BNP. These results are both in
agreement with and in discrepancy with results by Gottlieb et
al.,”® who showed that frequency of sleep apnea and intermittent
hypoxia was not related to elevated BNP whereas sustained hy-
poxia was. The fact that the study by Gottlieb et al. was performed
in patients with heart failure as opposed to our population-based
sample may explain our somewhat different findings.

There are also some studies in which no association between
sleep disordered breathing and BNP has been found. Méller et
al.,'? in a study comprising 24 patients (22 men and 2 women)
with OSAS and 18 control participants, and Svatikova et al.,'" in
a study comprising 10 men with moderate to severe OSAS, did
not find any association between BNP and OSAS. These dif-
ferences in results may be explained by differences in popula-
tion groups and size. There is also one community-based study,
where no association between OSA and the levels of BNP was
found." In the cited study, however, the median length of time
between the polysomnography and natriuretic peptide testing
was 79 days, which may have affected the result, because both
OSA and BNP levels may vary over time.

In everyday practice, BNP has often been replaced by the
more stable NT-pro-BNP as a marker of cardiac failure. There
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are some studies of NT-proBNP and OSAS. Hiibner et al.'
found no association between the levels of NT-pro-BNP and
AHI in 60 patients with suspected OSAS. In addition, Varta-
ny et al.”® found no relationship between AHI and overnight
changes in NT-pro-BNP in patients with severe obesity (mean
BMI 38.2) and OSAS. There are some differences between the
physiologically active peptide BNP and its inactive split me-
tabolite NT-pro-BNP, including a longer half-life of NT-pro-
BNP.2! Whether these differences can explain the disparity in
the association with sleep apnea remains unclear. The effect of
male or female sex on the association between natriuretic pep-
tides and sleep apnea is also unclear. The only other study, as
far as we know, with a study population made up exclusively of
women, found an association between NT-pro-BNP and sleep
disordered breathing,® in accordance with our findings. How-
ever, this study did not use polysomnography and sleep disor-
dered breathing was defined by the Berlin Questionnaire.

BNP is produced and secreted from the myocytes in response
to cardiac wall stretch. Hypoxia has also been reported to in-
duce BNP secretion.” In our study, there was a strong associa-
tion between AHI and morning levels of plasma BNP, which
might be explained by a change in intrathoracic pressure during
the nightly apnea episodes. The negative intrathoracic pressure
during each apnea episode increases ventricular transmural
pressure and left ventricular afterload, as well as the end-sys-
tolic and end-diastolic volume, giving rise to both pressure load
and volume expansion.” Increased sympathetic nervous activ-
ity caused by repetitive apnea episodes with arousal and hypox-
ia,* which leads to peripheral vasoconstriction and tachycardia,
may also contribute. The increased left ventricular transmural
pressure increases myocardial oxygen demand and reduces
coronary blood flow and, in combination with the apnea-related
hypoxia, may lead to myocardial ischemia and impaired car-
diac contractility.? Even in asymptomatic individuals without
known cardiovascular disease, elevated levels of BNP are as-
sociated with an increased risk of cardiovascular events, heart
failure, and death.” OSAS is an independent risk factor for hy-
pertension?®® and is associated with an increased risk of ischemic
heart disease, stroke, and heart failure.?’*! The cutoff value of
BNP in our study is lower than the thresholds used clinically
to diagnose heart failure. However, when used in community
screening, BNP values above 20 ng/L are suggested to trigger
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additional evaluation®? and the increased risk of cardiovascular
events and death has been demonstrated at these levels as well.?
Whether the elevated levels of BNP in our study are an indica-
tion of a future risk of heart failure and cardiovascular events,
or whether OSA is a variable affecting BNP, such as sex and
weight, remains to be investigated. However, considering the
known association between OSAS and cardiovascular disease,
it is tempting to suggest that BNP could serve as a risk marker
to identify persons with OSA who run an increased risk of fu-
ture cardiovascular events.

The strengths of this study include the large community-
based sample, standardized polysomnographic data, adjust-
ments for relevant confounding covariates, and the fact that all
the blood samples were collected the morning after the poly-
somnography. The limitations of our study include the fact that,
because it only included women, the results cannot be general-
ized to apply to men and that many of our participants were
taking antihypertensive drugs. We made adjustments for the use
of antihypertensive drugs, but we did not distinguish between
different antihypertensive drug classes.

We conclude that, in a community-based sample of women,
there is a dose-response relationship between the severity of
sleep apnea during the night and the levels of plasma BNP in
the morning that cannot be explained by known confounding
factors.

ABBREVIATIONS
AHI, apnea-hypopnea index
BMI, body mass index
BNP, type B natriuretic peptide
CPAP, continuous positive airway pressure
CRP, C-reactive protein
EEQG, electroencephalography
EMG, electromyography
EOQG, electrooculography
ESS, Epworth Sleepiness Scale
NT-proBNP, N-terminal probrain natriuretic peptide
ODI, oxygen desaturation index
OSA, obstructive sleep apnea
OSAS, obstructive sleep apnea syndrome
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