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Abstract
Summary The bone metabolic abnormalities in patients
with obstructive sleep apnea (OSA) were examined.
Severity-dependent increases in the serum/urinary levels
of bone resorption markers and their attenuation following
continuous positive airway pressure therapy in subjects
with OSA provide the first evidence of a link between OSA
and abnormal bone metabolism.
Introduction Hypoxia, microinflammation and oxidative
stress, well-known pathophysiological features of obstructive
sleep apnea (OSA), are also known to affect bonemetabolism.
We examined the bone metabolic abnormalities in patients
with OSA and also the effects of continuous positive airway
pressure (CPAP) therapy on these abnormalities.
Methods A cross-sectional and prospective study was con-
ducted in 50 consecutive male subjects visiting a sleep clinic
and 15 age-matched control subjects without OSA. Plasma
concentrations of IL-1β, IL-6, TNF-alfa, 3-nitrotyrosine,
osteocalcin, bone-specific alkaline phosphatase (BAP), and

urinary concentrations of cross-linked C-terminal telopeptide
of type I collagen (CTX) were examined before and after
3 months’ CPAP in subjects with OSA.
Results The plasma levels of the cytokines as well as the
urinary CTX levels were higher in subjects with severe OSA
than in those with mild OSA or control subjects. Significant
decrease of the urinary excretion of CTX (before: 211±107
vs. after: 128±59 μg/mmol/creatinine; p<0.01) as well as of
the plasma levels of the cytokines was observed following
3 months’ CPAP.
Conclusions Severity-dependent increases in the serum/
urinary levels of bone resorption markers and their reversal
following CPAP in subjects with OSA provide the first
evidence of a link between OSA and abnormal bone
metabolism.
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Introduction

Obstructive sleep apnea (OSA) is a disorder of increasing
prevalence that is characterized by repetitive episodes of
upper airway collapse or narrowing causing intermittent
oxygen desaturation during sleep. Accumulating evidence
has implicated OSA in the pathogenesis of cardiovascular
diseases, such as hypertension, ischemic heart disease and
congestive heart failure [1–3]. Although the mechanisms
linking OSA to systemic cardiovascular diseases are not yet
completely understood, recent studies have suggested the
involvement of multiple factors, including oxidative stress,
inflammation, endothelial dysfunction, increased sym-
pathetic activity and metabolic abnormalities [2–4]. Con-
tinuous positive airway pressure (CPAP) therapy has been
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shown to partially prevent the systemic adverse events
associated with the intermittent hypercapnea, hypoxia and
subsequent reoxygenation in OSA patients, and to, thereby,
decrease the cardiovascular morbidity and mortality in
these patients [5–9].

Given the high prevalence of OSA [10] and its
association with multiple systemic pathological changes, it
was considered likely that OSA may also have a substantial
impact on other metabolic disorders. The fact that inflam-
matory cytokines and oxidative stress, as well as hypoxia
itself, are known to affect bone cell function and may be
considered as risk factors for osteoporosis [11–15] led us to
hypothesize that OSA may also predispose to or exacerbate
osteoporosis by causing abnormalities of bone metabolism.

As an initial step to test our hypothesis, in the present
study, we examined the association between the severity of
OSA and the biochemical markers of bone metabolism in
consecutive male subjects visiting a sleep clinic for the
evaluation of sleep disorders, and also tested the effect of
CPAP therapy in a prospective manner. The results demon-
strated that severe OSA was associated with increased bone
resorption, which was reversed by CPAP therapy. To the
best of our knowledge, this is the first clinical indication of
the adverse effects of OSA on bone metabolism.

Methods

Subjects

Fifty-three consecutive male subjects were admitted to the
Tokyo Medical University Hospital between November
2005 and June 2006 for diagnostic assessment of sleep
disorders. Most of them were suspected to have a sleep
disorder based on assessment by a portable sleep monitor
at the outpatient department of the hospital before the
admission. In the assessment of sleep disorders, apnea
was defined as a continuous cessation of airflow for ≥10
seconds, and hypopnea as a ≥50% reduction in airflow for
more than 10 seconds with an oxygen desaturation of
≥3%. Obstructive apnea/hypopnea was defined as apnea/
hypopnea in the presence of thoraco-abdominal effort, and
central apnea/hypopnea was defined as apnea/hypopnea in
the absence of oronasal air flow or thoraco-abdominal
effort [16, 17]. The apnea/hypopnea index (AHI) was
defined as the number of episodes of apnea/hypopnea per
hour. The diagnosis of OSA in all the cases was made
according to the established criteria (AHI≥5) [16, 17]. The
following patients were excluded from the study: subjects
with central sleep apnea/hypopnea and subjects who
required steroids or medications other than those for
atherosclerotic risk factors, such as hypertension, dyslipi-

demia and diabetes mellitus {i.e., coronary heart disease,
stroke, heart failure, renal insufficiency (serum creatinine>
2.0 mg/dl), bronchial asthma, collagen diseases, etc}. Out
of the 53 patients admitted for the evaluation, none had
central sleep apnea/hypopnea, and three who had a history
of medical treatment for coronary heart disease were
excluded. Finally, 50 male subjects were enrolled in this
study (51±13 years old; range, 27 to 80 years old). The
study protocol was approved by the Ethics Committee of
the Tokyo Medical University, and the study was performed
in accordance with the guidelines of the latest version of the
Declaration of Helsinki. The study participants were
divided into three groups according to the severity of
OSA, as follows: mild OSA: 5≤AHI<15, n=10; moderate
OSA: 15≤AHI<30, n=12; severe OSA: AHI≥30, n=28.
Among these participants, 29 consecutive male subjects
who were diagnosed to have moderate to severe OSA
(which is considered as an indication for CPAP therapy;
AHI≥15) were followed up at the Tokyo Medical University
Hospital [16, 17, 18]. After 3 months of CPAP therapy,
fasting blood and urine samples were collected again from
the patients for examination of the same parameters. During
this 3-month treatment period, no changes were made in the
prescribed medications.

As control subjects, 15 age-matched male subjects with
hypertension, who showed good control of the blood
pressure (blood pressure<140/90 mmHg) with antihy-
pertensive medication for at least 6 months were enrolled.
Two of these subjects were on statins for hypercholester-
olemia and none were receiving treatment for diabetes,
including oral hypoglycemic agents or insulin. All of these
subjects who showed no evidence of a sleep disorder on a
portable sleep monitor were enrolled.

Nocturnal sleep studies

All the subjects underwent polysomnography (Alice 4;
RESPIRONICS, Murrysville, PA, USA) at a hospital sleep
laboratory, which has been described in detail elsewhere
[16–18]. Ventilatory flow at the nose and mouth was mea-
sured with a thermistor, and chest and abdominal move-
ments were also recorded. The arterial oxygen saturation
was measured transcutaneously at the fingertip by pulse
oximetry. Apnea was defined as a continuous cessation of
airflow for ≥10 seconds, and hypopnea as a ≥50% reduction
in the airflow for more than 10 seconds with an oxygen
desaturation of ≥3%. OSA was defined as the apnea/
hypopnea in the presence of thoraco-abdominal effort, and
central apnea/hypopnea was defined as apnea/hypopnea in
the absence of oronasal air flow or thoraco-abdominal effort
[16, 17]. AHI was calculated as the total number of
episodes of apnea and hypopnea per hour of sleep. The
lowest oxygen saturation during the estimated sleep time as
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determined by pulse oximetry (LoSO2) was used as an
index of nocturnal hypoxia [19].

Laboratory measurements

Routine blood examinations were performed by enzymatic
methods adapted to an autoanalyzer (Hitachi 7470; Hitachi,
Tokyo, Japan). The plasma concentrations of IL-1β_
(Quantikine, R and D System, Minneapolis, USA), IL-6
(Bender Med Systems Diagnostics, Vienna, Austria), TNF-
α (Quantikine, R and D System, Minneapolis, USA), 3-
nitrotyrosine (Cayman Chemical, Ann Arbor, USA); a
marker of oxidative stress [20], osteocalcin (OC)(BGP
IRMA, Mitsubishi, Tokyo, Japan), osteoprotegerin (OPG)
(Immundiagnostik AG, Bensheim, Germany), and soluble
receptor activator of nuclear factor-кB ligand (sRANKL)
(Immundiagnostik AG, Bensheim, Germany), and the
urinary concentrations of cross-linked C-terminal telopep-
tide of type I collagen (CTX)(Nordic Bioscience, Copen-
hagen, Denmark) were measured by solid-phase sandwich
enzyme-linked immunosorbent assay using commercially
available kits. The urinary excretion of CTX was adjusted
for the urinary concentration of creatinine. Bone-specific
alkaline phosphatase (BAP) was determined by enzyme
immunoassay (QUIDEL, San Francisco, USA). The inter-
assay coefficients variation were as follows; IL-1β=10.1%,
Il-6=3.2%, TNF-α=8.0%, nitrotyrosine=12.3%, OC=
5.5%, OPG=9.9%, sRANKL=11.1%, CTX=9.3%, and
BAP=6.2%.

Statistical analysis

All the data, including those presented in the figures, are
expressed as the mean±SD. Correlations between the
severity of OSA and the parameters of bone metabolism,
inflammation and oxidative stress were assessed by both
univariate linear regression analysis and multivariate linear
regression analyses. The differences in each variable among
the four study groups (i.e., three groups classified the
severity of OSA and the control group) were evaluated
using ANOVA for continuous variables and the chi-square
test for categorical variables. The differences in the urinary
excretion of CTX and plasma levels of OC and BAP were
compared among the four study groups by a general linear
model (GLM) multivariate analysis with control for age,
gender, body mass index (BMI), systolic and diastolic
blood pressure (SBP and DBP), serum total cholesterol
(TC), serum triglycerides (TG), serum high-density lipo-
protein cholesterol (HDL-C), fasting plasma glucose (FPG),
and categorical variables (smoking status and medication
status for hypertension, diabetes mellitus and/or dyslipide-
mia). The significances of the differences in the variables
measured between the start of the study and after 3 months’

CPAP therapy were determined by a paired t-test. The rela-
tionships between the parameters of bone metabolism and
the plasma levels of cytokines and 3-nitrotyrosine in all the
participants were assessed by linear regression analysis.
The differences in the values of the variables measured
between the start of the study and after 3 months’ CPAP
therapy were calculated as the delta changes: values
obtained after 3 months’ CPAP therapy minus those
obtained at the start of the study. The significance of the
relationships among the delta changes in the variables was
also assessed by linear regression analysis and multivariate
linear regression analysis. P values of less than 0.05 were
considered to denote statistically significant differences.
The statistical analyses were performed using the SPSS
software package (SPSS Inc., Chicago, IL).

Results

Baseline clinical characteristics

Table 1 shows the baseline clinical characteristics of the
control subjects and the three groups of subjects catego-
rized according to the AHI. Severe OSA was associated
with higher values of BMI, blood pressure and TG.

Evidence of inflammation in OSA

We measured the parameters of inflammation and oxidative
stress to verify the known consequences of OSA (Table 1).
Consistent with previous reports, we found significantly
increased plasma levels of IL-6 and TNF-α in the subject
group with severe OSA as compared with those in the
other three groups. Interestingly, the circulating levels of
sRANKL also showed a severity-dependent decrease in
the OSA patients, while no differences were observed in
the plasma levels of OPG (Table 1).

Enhanced bone resorption in OSA

The univariate linear regression analysis revealed that AHI
was significantly positively correlated with the creatinine-
adjusted urinary excretion of CTX (r=0.32, p<0.05), but
not with LoSO2 (r=-0.13, p=0.37), suggesting an asso-
ciation between OSA and increased bone resorption
(Fig. 1). While the AHI showed a positive correlation with
the plasma levels of IL-6 (r=0.29, p<0.05) and TNF-α (r=
0.53, p<0.01), and a negative correlation with the plasma
levels of sRANKL (r=-0.42, p<0.01), no significant
correlations between the AHI and the plasma levels of
OC, BAP, IL-1β,_3-nitrotyrosine or OPG were observed.
The results of multivariate linear regression analysis indi-
cated a significant association between the AHI and the
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urinary excretion of CTX (R-square=0.52, beta=0.27, t-
value=2.01, p<0.05), independent of the age, BMI, SBP,
DBP, TC, TG, HDL-C, FPG or the categorical variables
examined, including the smoking status and medication

status for hypertension, diabetes mellitus and/or dyslipide-
mia. Similarly, the results of the GLM multivariate analysis
revealed that the creatinine-adjusted urinary CTX remained
significantly higher in the group with severe OSA than in
the other 3 groups, even after adjustment for all of the
aforementioned variables (Fig. 2).

CPAP therapy decreased the serum levels of inflammatory
cytokines and oxidative stress, with suppression of bone
resorption

Twenty-nine out of the 40 patients with moderate to severe
OSA received continuous positive airway pressure (CPAP)
therapy, and were followed up for at least 3 months. Among
the three bone metabolic markers tested, only the creatinine-
adjusted urinary CTX level showed a significant decrease
after 3 months’ CPAP therapy (Fig. 3), consistent with the
results of the initial cross-sectional analysis described above.
Significant decrease in the plasma levels of IL-1β, IL-6 and
TNF-α, and increase in the plasma levels of OPG were also
observed in the subjects with moderate to severe OSA after
3 months’ CPAP therapy, in the absence of any change of
the body weight of the patients (from 78±16 to 78±15 kg)
(Fig. 4).
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Fig. 1 Correlation between the creatinine-adjusted urinary levels of
CTX and the apnea-hypopnea index (AHI). Abbreviations: CTX=
cross-linked C-terminal telopeptide of type I collagen; AHI=apnea-
hypopnea index

Table 1 Clinical characteristics of the subjects

Control (n=15) Mild OSA (n=10) Moderate OSA (n=12) Severe OSA (n=28)

AHI – 11±3 24±5a 62±22ab

LoSO2 (%) – 86±4 84±5a 75±9ab

Age 53±10 49±14 52±17 52±11
BMI 24.3±2.5 25.1±4.5 25.0±2.0 28.3±4.3abc

SBP (mmHg) 132±5 125±10a 121±12a 131±11bc

DBP (mmHg) 84±8 74±8a 73±15a 81±9bc

TC (mmol/L) 5.1±0.9 5.2±0.9 5.1±0.6 5.3±0.8
TG (mmol/L) 1.4±0.5 1.6±0.8 1.6±0.6 2.5±1.5abc

HDL-C (mmol/L) 1.2±0.2 1.3±0.3 1.2±0.2 1.2±0.3
CRNN (μmol/L) 73±10 70±12 73±12 74±18
FPG (mmol/L) 5.3±1.3 5.1±1.2 5.1±1.3 5.7±1.4
Diabetes mellitus – 0 (0%) 0 (0%) 3 (10%)
Hypertension 15 (100%) 4 (40%) 4 (33%) 16 (57%)
Hypercholesterolemia – 1 (10%) 1 (8%) 8 (29%)
Smoking 5 (33%) 3 (30%) 4 (33%) 12 (43%)
Nitrotyrosine (ng/ml) 15.0±12.7 13.7±13.5 18.4±12.9 23.0±19.5
IL-6 (pg/ml) 1.5±0.6 1.6±0.8 1.9±1.4 2.4±1.6ab

TNFá (pg/ml) 1.7±0.5 1.5±0.3 1.9±0.5 2.2±0.6ab

IL-1β (pg/ml) 0.33±0.16 0.35±0.12 0.40±0.28 0.43±0.33
OPG (pmol/L) 1.9±0.8 2.2±0.9 1.6±0.5 2.1±0.7
sRANKL (pmol/L) 11.1±12.3 15.5±13.2 9.8±10.3 4.4±5.0ab

Abbreviations: OSA: obstructive sleep apnea; AHI: apnea-hypopnea index; LoSO2: lowest arterial oxygen saturation during the estimated sleep time as
determined by pulse oximetry; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: serum total cholesterol;TG:
serum triglycerides; HDL-C:serum high-density lipoprotein cholesterol; CRNN: serum creatinine; FPG: fasting plasma glucose; Nitrotyrosine: plasma
level of 3-nitrotyrosine; IL-6: plasma level of interleukin-6; TNFα=plasma level of tumor necrosis factor α; IL-1β: plasma level of interleukin-1 beta;
sRANKL: plasma level of soluble receptor activator of nuclear factor-κB ligand; OPG: plasma level of osteoprotegerin; Diabetes mellitus,
hypertension and hypercholesterolemia are defined as the number of patients receiving medical treatment in the respective disease categories.
a : p<0.05 vs. control; b : p<0.05 vs. patients with mild OSA, c : p<0.05 vs. patients with moderate OSA
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Relationship between the metabolic bone markers
and cytokines

We then searched for a possible etiological link between the
various parameters measured and the bone metabolism. At
the baseline, a univariate linear regression analysis across
the bone metabolic markers and the cytokine levels in all the
study participants indicated virtually no association, except
for significant negative correlations between plasma levels
of IL-1β and OC and a significant positive correlation
between the plasma levels of OPG and BAP and plasma
levels of TNF-α and BAP (Table 2). The results of the
multivariate linear regression analysis demonstrated that the

plasma levels of TNF-α showed no significant association
with the creatinine-adjusted urinary excretion of CTX after
adjustment for age, gender and the presence of atheroscle-
rotic risk factors (i.e., smoking, hypertension, hypercholes-
terolemia and diabetes mellitus). In addition, none of the
delta changes of LoSO2 or the plasma levels of IL-1β, IL-
6, TNF-α, nitrotyrosine, sRANKL and OPG measured after
3 months’ CPAP therapy showed any significant correlation
with the CPAP-associated decrease in the creatinine-
adjusted urinary CTX excretion. Therefore, although OSA
was associated with increases in both the urinary CTX level
and serum levels of inflammatory cytokines, and CPAP
treatment reversed these abnormalities, the changes in the
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Fig. 3 Bone metabolic markers
at the start of the study and after
3 months’ continuous positive
airway pressure therapy. Abbrevi-
ations: The data are expressed as
mean+/-SD; Start=before the start
of continuous positive airway
pressure therapy; 3 month=at the
end of 3 months’ continuous
positive airway pressure therapy;
CTX: creatinine-adjusted urinary
excretion of cross-linked C-
terminal telopeptide of type I
collagen; OC: osteocalcin; BAP:
bone-specific alkaline phospha-
tase; †=p<0.01 vs. before the
start of continuous positive air-
way pressure therapy
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Fig. 2 Baseline levels of the bone metabolic markers in the groups
with control or with mild, moderate and severe obstructive sleep
apnea. Abbreviations: cont: control subjects; mildOSA: mild obstruc-
tive sleep apnea; modeOSA: moderate obstructive sleep apnea;
seveOSA: severe obstructive sleep apnea; CTX=creatinine-adjusted

urinary excretion of cross-linked C-terminal telopepide of type I
collagen; OC: osteocalcin; BAP: bone-specific alkaline phosphatase;
*: p<0.05 vs. control; †: p<0.05 vs. patients with mild OSA, ‡: p<
0.05 vs. patients with moderate OSA
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plasma levels of inflammatory cytokines and markers of
oxidative stress did not account for the changes in the
urinary CTX excretion.

Discussion

In the present study, we demonstrated that the AHI, an
indicator of the severity of OSA, was significantly posi-
tively associated with the urinary excretion of CTX,
independent of the age, BMI or the presence of atheroscle-
rotic risk factors. We showed further that the urinary CTX

excretion decreased towards normal after 3 months’ CPAP
therapy in the subjects with moderate to severe OSA. There
are at least three mechanisms that may potentially mediate
abnormal bone metabolism in OSA: hypoxia, increased
oxidative stress and inflammation.

Hypoxia, a major pathophysoiological change associated
with OSA [1–3], can directly affect bone cell function [12,
21], and hypoxia-related diseases, such as anemia and
chronic respiratory disorders are frequently associated with
osteopenia [11, 22]. Moreover, in patients with severe em-
physema [11, 23], improvement of the pulmonary function
by lung volume reduction surgery has been shown to result
in improved bone metabolism [24]. Thus, hypoxia asso-
ciated with chronic respiratory dysfunction can cause
reversible abnormalities of bone metabolism. The reports
that hypoxia induces osteoclast differentiation [12] and
suppresses the functions of osteoblasts [21] are consistent
with our current observation of elevation of only a bone
resorption marker (urinary CTX), but not of bone formation
markers (BAP and OC) [25–27] in our OSA patients. These
results may suggest that the abnormal bone metabolism
in OSA is characterized by “an uncoupled state” between
increased bone resorption and relatively suppressed bone
formation.

OSA is, however, quite different from chronic hypoxia-
related diseases, such as emphysema, in that the hypoxia is
intermittent and that the frequent episodes of hypoxia
followed by reoxygenation cause oxidative stress and
inflammation [28], both of which have been etiologically
implicated in the increased risk of cardiovascular diseases
in patients with OSA. The importance of the intermittent

Table 2 Correlations between the serum/urinary levels of bone
metabolic markers and cytokines

CTX OC BAP

IL-6 -0.11 -0.19 0.21
TNF-α 0.31a -0.11 0.33a

IL-1β 0.22 -0.34a -0.05
OPG -0.01 0.13 0.25a

sRANKL -0.05 0.14 -0.10
Nitrotyrosine -0.04 -0.11 -0.05

Abbreviations: CTX: creatinine-adjusted urinary excretion of cross-
linked C-terminal telopeptide of type I collagen; BAP: plasma level of
bone-specific alkaline phosphatase; OC: plasma level of osteocalcin;
IL-6: plasma levels of interleukin-6; TNFα=plasma level of tumor
necrosis factor α; IL-1β: plasma level of interleukin-1 beta; OPG:
plasma level of osteoprotegerin; sRANKL: plasma level of soluble
receptor activator of nuclear factor-κB ligand; Nitrotyrosine=plasma
level of 3-nitrotyrosine
a : p<0.05
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Fig. 4 Parameters of inflamma-
tion and oxidative stress at the
start of the study and after
3 months’ continuous positive
airway pressure therapy. Abbre-
viations: The data are expressed
as mean+/-SD; Start=before the
start of continuous positive air-
way pressure therapy; 3 month=
at the end of 3 months’ continu-
ous positive airway pressure
therapy; IL-1β: interleukin-1
beta; IL-6: interleukin-6; TNFα=
tumor necrosis factor α; OPG:
osteoprotegerin; sRANKL: solu-
ble receptor activator of nuclear
factor-κB ligand; *=p<0.05 vs.
before the start of continuous
positive airway pressure therapy;
†=p<0.01 vs. before the start of
continuous positive airway
pressure therapy
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nature of hypoxia in OSA is probably reflected by the fact
that the urinary CTX levels were weakly, but significantly,
correlated with the AHI rather than the LoSO2. While
elevation of the plasma levels of inflammatory cytokines is
also noted in obese subjects [29], we were able to success-
fully demonstrate that the parameters of inflammation
increased in our OSA patients in a severity-dependent
manner in our OSA patients and that CPAP therapy
attenuated these abnormalities, in the absence of any
significant change of the body weight of the patients.
However, the urinary CTX levels showed no significant
correlations with the plasma levels of any of the inflam-
matory cytokines or of a marker of oxidative stress after
adjustment for other variables, either at the baseline or after
3 months’ CPAP therapy. There were also no significant
correlations among the delta changes in the urinary CTX
levels and those of any of the above parameters. Therefore,
it seems likely that OSA affects bone metabolism via
multiple mechanisms in a manner that varies among
individuals and that may be partially but not strongly
dependent on the associated inflammation or oxidative
stress. Alternatively, abnormal bone metabolism in OSA
could be caused by entirely different and as yet unknown
mechanisms.

A plausible mechanism to explain the aforementioned
“uncoupled state” between bone formation and bone
resorption is the influence of cortisol. Elevation of the
plasma level of cortisol in OSA patients and its return to
normal range after CPAP therapy have been reported [30].
Excessive cortisol levels may suppress bone formation, but
not resorption [31]. The next logical step would, therefore,
be to clarify the relationship among OSA, bone metabolism
and the serum levels of cortisol.

The (RANK)/RANKL/OPG system is crucially involved
in the regulation of osteoclast formation and function, and
thereby, of bone resorption [14, 15, 32, 33]. Inflammatory
cytokines, including IL-1β, IL-6 and TNF-α, are known
regulators of the RANK/RANKL/OPG system [14, 22], and
induce osteoclast differentiation and/or activation [14, 15,
32, 34]. In the present study, a significant negative corre-
lation was observed between the plasma levels of sRANKL
and the AHI. However, CPAP therapy had no effect on the
plasma levels of sRANKL, and the plasma levels of OPG
indeed increased after CPAP therapy. These inconsistent
observations may be attributed to the fact that circulating
OPG and sRANKL in the plasma originate mostly from
non-skeletal sources and that their plasma levels do not
directly reflect their activities in the bone microenvironment
[35]. Thus, although our results imply that RANKL may
somehow be involved in the abnormal bone metabolism in
OSA patients, further studies are needed to clarify and
establish the role of the RANK/RANKL/OPG system in
OSA-induced bone resorption.

There were three major limitations of this study. First,
there were no controls for CPAP therapy, i.e., there was no
inclusion of a group of subjects with moderate to severe
OSA not undergoing CPAP therapy. In addition, this study
also did not include any BMI-matched control subjects.

Secondly, bone mineral density was not assessed in the
current study. The clinical significance of our finding of
increase in the levels of bone resorption markers in OSA
patients cannot be established until the bone mineral density
and, ultimately, the fracture risk, is also evaluated. Thus,
confirmatory evidence that OSA is indeed an independent risk
factor for osteoporosis must await further clinical studies.

Thirdly, we measured the plasma levels of IL-1β, IL-6
and TNF-α only twice (i.e., before and after CPAP therapy),
and the time-course of their variations were not examined.
Although omission of the assessment of such variations was
one of our study limitations, some studies have already
reported elevation of the plasma levels of inflammatory
cytokines in subjects with OSA and their return to the normal
range after CPAP therapy [36, 37].

Because we were not able to find strong determinants of
increased bone resorption in the current study, there are still
other factors potentially involved in both OSA and bone
metabolic abnormalities, including cortisol excess [38] and
reduced physical activity that need to be addressed [39].
Future studies focusing on such factors may be helpful for
elucidating the pathophysiological link between OSA and
osteoporosis.

In conclusion, the present study was the first to
demonstrate abnormalities in the markers of bone metabo-
lism in patients with severe OSA, and reversal of these
abnormalities following 3 months’ CPAP therapy. Reduced
inflammation and oxidative stress along with improvement
in the arterial oxygen saturation associated with CPAP
therapy may contribute, at least in part, to the observed
beneficial effects. Larger-scale clinical studies with bone
mineral density and/or fracture incidence as endpoints will
be needed to clarify whether or not OSA is indeed an
independent risk factor for osteoporosis and whether CPAP
therapy might truly have beneficial effects on the bone mass
and quality and prevent fractures in subjects with OSA.

Conflicts of interest None.
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