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Study Objectives: Chronic intermittent hypoxia (IH) acts as a stimulator of mesenchymal stem cell (MSC) mobilization, intensifying osteoblast
formation in animal models. The recurrence of apnea and oxygen desaturation in obstructive sleep apnea (OSA) may mimic experimental models
of IH. We hypothesized that in elderly with OSA, apnea-related IH may mobilize MSCs and thereby prevent the age-related decline in osteogenesis.
This study explored the relationship between OSAand bone mineral density (BMD), and the effect of IH on BMD, in a large sample of elderly subjects.
Participants: There were 833 volunteers age 68.6 + 0.8 y (59% women).

Intervention: Each participant underwent evaluation of BMD at lumbar spine and femoral sites by dual-energy x-ray absorptiometry (DEXA) as well
as clinical and polygraphic examinations. OSA was diagnosed on the basis of an apnea-hypopnea index (AHI) = 15.

Measurements and Results: There were 55% of the participants who presented with OSA, and these subjects were predominantly male and
overweight. Compared with subjects without OSA, those with OSA had a higher femoral and spinal BMD (P < 0.001). Body mass index (BMI), AHI,
and oxygen desaturation index (ODI) (P < 0.01) were significantly related to BMD. After adjustment for sex, BMI, metabolic values, and hypertension,
multiple regression analysis showed a significant association between femoral and lumbar T scores and both daily energy expenditure (P < 0.001)
and ODI (P = 0.007).

Conclusions: In elderly subjects, the presence of obstructive sleep apnea is associated with higher bone mineral density, with oxygen desaturation
index being a significant determinant of bone metabolism. These results suggest that apnea-related intermittent hypoxia may stimulate the bone

remodeling process in older population.
Clinical Trial Registration: NCT 00759304 and NCT 00766584.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep disorder charac-
terized by sleep disruption, recurrent apnea, and intermittent
hypoxia. The resulting oxidative stress, endothelial dysfunction,
inflammation, and enhanced sympathetic activity'? are consid-
ered to be the key factors determining the consequences of OSA.

At the bone level, experimental models suggest that chronic
exposure to anoxia down-regulates osteogenic differentiation
and stimulates osteoclast formation and thus bone resorp-
tion.** This response to hypoxia may explain the physiolog-
ical changes occurring with aging and the age-related risk of
osteoporosis. In animal models of intermittent hypoxia, i.c.,
5 h of intermittent hypoxia, promoted early mobilization of
mesenchymal stem cells (MSC) from the bone marrow into
the blood circulation.’” The release of MSC may be consid-
ered a reparative mechanism, activated by tissue lesions
and allowing differentiation of MSC into various types of
cells such as osteoblasts® and endothelial progenitor cells.’
These experimental models of intermittent hypoxia may be
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applicable to OSA, in which cyclical arterial oxygen desatura-
tion occurs during apnea.'

It is well known that elderly populations are at increased risk
of OSA'""2? due to changes in the anatomy or function of the
upper airways'® and the frequent coexistence of other medical
disorders, e.g., diabetes, hypertension, and cardiovascular
disease. At the same time, bone mineral density (BMD) gradu-
ally declines with aging.'* The increased prevalence of OSA in
the elderly may therefore be considered as an additional risk
factor for accelerated bone loss leading to osteoporosis and
risk of fractures.

To the best of our knowledge, only two studies have evaluated
the association between bone metabolism and OSA. Tomiyama
et al.' studied bone metabolism abnormalities in 50 patients
with OSA and 15 controls, examining the link between OSA
and abnormal bone metabolism by means of serum/urinary
bone resorption markers. They found that the levels of these
bone metabolism markers were significantly higher in patients
with OSA compared with controls. In addition, a significant
decrease in the concentrations of these markers was seen after 3
months of continuous positive airway pressure (CPAP) therapy,
suggesting a reduced level of bone turnover after treatment.
More recently, Uzkeser and co-workers'® found an increased
risk of osteoporosis in 21 patients with OSA compared with
control patients. The authors of these two studies postulated
that bone metabolism is impaired in patients with OSA, as in
individuals with lung disease,'"? with increased bone resorp-
tion and relatively suppressed bone formation. However, both
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of these studies have limitations in terms of the small numbers
of patients included and the lack of elderly patients.

The aim of our study was twofold: first, to analyze the poten-
tial association between OSA and BMD levels and the presence
of osteoporosis in a large sample of healthy elderly; second,
to determine whether, as in experimental models, intermittent
apnea-related hypoxia acts as a protective mechanism counter-
acting the age-related decline in bone density.

METHODS

Population

The study sample was recruited from the population-based
cohort of 1,011 volunteers age 65 y, residents in the city of
Saint-Etienne (France), and enrolled in the PROOF (PROg-
nostic indicator OF cardiovascular and cerebrovascular
events) survey,” a longitudinal long-term follow-up study to
assess the influence of the autonomic nervous system activity
on cardiovascular and cerebrovascular diseases. An ancillary
study (the Synapse study) addressing the association between
OSA (assessed by home-based polygraphy) and cardiovas-
cular consequences, during a 7-y follow-up, was proposed
to the members of this cohort. The criteria for inclusion in
the Synapse study were: (1) absence of previous myocardial
infarction, stroke, and atrial fibrillation; (2) prior treatment or
diagnosis of OSA; and (3) willingness to undergo polygraphic
assessments, 24-h blood pressure and heart rate measurements,
and withdrawal of blood samples for analysis. On the basis
of the inclusion and exclusion criteria, 854 patients (58.5%
women) were eligible to participate in the Synapse study. All
of these patients underwent a clinical assessment including a
questionnaire on demographics, medical history, and medica-
tion. After exclusion of patients taking anti-osteoporosis medi-
cation or with self-reported osteoporosis, the study population
comprised 832 patients, age 68.6 = 0.03 y, who underwent
dual-energy x-ray absorptiometry (DEXA) measurement of
BMD. Some of the DEXA data reported here were also cited
in a previous paper focusing on the effect of BMD on the sex
effect in OSA.*!

The study was approved by the local ethics committee
(CPPRB Rhone-Alpes Loire), and written consent was obtained
from all participants.

Anthropometric Measurements

Body mass index (BMI) was calculated as weight/height
squared (kg/m?). Neck circumference (NC) was measured at
the midpoint of the neck between the midcervical spine and
the midanterior neck 0.5 cm below the laryngeal prominence.
Waist circumference (WC) was measured midway between the
lower rib margin and the iliac crest.

Serum concentrations of fasting glucose, total cholesterol,
triglycerides and high-density lipoprotein cholesterol were
measured using enzymatic kits (Roche Diagnostics, Switzerland).

Measurement of Bone Metabolism by DEXA

The patients were referred to the Rheumatologic Research
Group of the University Hospital of Saint-Etienne (France)
for the evaluation of bone metabolism. Bone metabolism
was measured using a whole-body DEXA scanner (Hologic
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QDR-2000, software version V5.67A, Hologic Inc., Bedford,
MA, USA). The standard procedures described in the literature
for DEXA measurement were applied.*

BMD was measured in all patients at the proximal end of
the femur and at the lumbar spine (L1-L4) with a coefficient
of variation (CV) of 0.8% and < 1.2%, respectively. BMD was
expressed in g/cm? and as the difference, expressed as standard
deviations (SD), from the normal average value of peak bone
mass at 30 y (T score). According to their BMD results for the
femoral neck and lumbar spine, patients were classified into
three groups according to World Health Organization criteria:
those with normal BMD (T score >-1.0 SD), osteopenia (T score
-1.0 to -2.5 SD), and osteoporosis (T score <-2.5 SD).>

Daily Energy Expenditure

Daily energy expenditure (DEE) was assessed by a self-
administered physical activity questionnaire concerning seven
main dimensions of everyday life, with specific emphasis on
autonomy and perceived exertion.* This questionnaire has been
evaluated over a wide range of activity levels, even in popu-
lations with very low levels of physical activity. It provides a
quantitative picture of the individual’s mean habitual activi-
ties, based on calculation of DEE (kJ.24h-') = sum of inten-
sity of activity (J.min-1.kg-') and duration of specific activity
(min.day-") according to age, weight, severity of the condition
considered, and autonomy.

Sleep Study

All patients underwent an unattended nocturnal sleep assess-
ment at home using a polygraphic system (HypnoPTT, Tyco
Healthcare, Puritan Bennett, California, US). The following
parameters were measured: sound emission, electrocardiogram,
pulse transit time, R-R timing, airflow measured by nasal pres-
sure, respiratory efforts and body position. Oxygen saturation
(Sa0,) was measured by pulse oximetry. All recordings were
visually validated and manually scored for respiratory events
and nocturnal SaO, according to standard criteria.”® Hypopnea
was defined as a 50% or greater reduction in airflow from the
baseline value lasting at least 10 sec and associated with at least
3% oxygen desaturation. Apnea was defined as the absence of
airflow on the nasal cannula lasting for > 10 sec. The absence of
rib cage movements associated with apnea defined the event as
central, whereas a progressive increase in pulse transit time and
respiratory efforts allowed definition of the event as obstruc-
tive. To minimize potential overestimation of sleep duration,
patients completed a sleep diary to set the analysis between
lights-off and lights-on. The apnea-hypopnea index (AHI)
was defined as the ratio of the number of episodes of apnea
or hypopnea per hour of reported sleep time. The indices of
nocturnal hypoxemia were as follows: mean SaO,; percentage
of recording time spent with an SaO, below 90%; minimum
Sa0, value recorded during sleep (minimum Sa0,); and oxygen
desaturation index (ODI), i.e., the number of episodes of oxyhe-
moglobin desaturation per hour of reported sleep time during
which blood oxygen level fell by 3% or more. In accordance
with recent data concerning the elderly,?® OSA was diagnosed
on the basis of an AHI > 15 with at least 85% of events scored
as obstructive. An AHI > 15 and < 30 indicated mild OSA, and
an AHI > 30 denoted severe OSA.
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Table 1—Anthropometric and polygraphic data for subjects with and without obstructive sleep apnea for the whole group and for women (n = 491) and men
(n = 341) separately (mean + standard deviation)
Total sample Women Men
Total AHI<15 AHI=15 AHI<15  AHI=15 AHI<15  AHI=15
(n=832) (n=373) (n=459) P (n=259) (n=232) P (n=114) (n=227) P
BMI (kg/m?) 255+38 246+35 26.1+39 <0.0001 245+37 259+46 <0.0001 250+29 263+39  0.001
WC (cm) 86.1+11.3 83.2+10.7 88.4+11.3 <0.0001 80.8+10.1 84.6+11.4 <0.0001 88.6 £10.11 92.2+9.8"  0.007
NC (cm) 37.1+£39 358+37 381+39 0.003 341+24 354+29 0.0001 39.0+£3.17 40.7+£39" 0.04
HC (cm) 98.2+82 972+80 988+85  0.0001 972+80 99.3+9.8  0.0001 972+6.7 988+28 ns
HT (%) 42.0 35.0 49.0 <0.001 35.0 49.0 0.002 34.2 49.0 0.002
Diabetes (%) 52 39 6.3 <0.0001 28 45 ns 6.1 8.4 ns
Dyslipidemia (%) 32.0 37.0 34.0 ns 38.0 39.0 ns 33.0 31.0 ns
Smoking (%) 28.0 33.0 28.0 ns 12.0 12.0 ns 50.0 44.0 ns
AHI (n/h) 204+148 84+39 30.0+13.3 <0.0001 81140 27.1+11.1 <0.0001 9.1+3.7% 33.1+14.7f <0.0001
ODI (n/h) 94196 3.8+34 13.9+10.5 <0.0001 36+£33 120+£94 <0.0001 41+34 159+ 11.37 <0.0001
Sa0,% mean (%) 953+18 955+19 956+16  0.01 957+16 952+17  0.001 951+25 951+16 ns
Sa0,% min (%) 89.7+42 913+28 884+46 <0.0001 91.5+26 886+4.4 <0.0001 909+32 881+4.8 <0.0001
Time with Sa0,<90% (%) 2.0+66 1.1+54 28+74 <0.0001 09+51 26+82 0.005 14+61 29164 ns
P values given in the table refer to analysis of variance (ANOVA) or chi-square differences between subjects with and without obstructive sleep apnea (OSA)
for the total group and for women and men considered separately. Statistically significant ANOVA or chi-square differences between men and women in the
groups with and without OSA: *P < 0.05, P < 0.001. AHI, apnea-hypopnea index; BMI, body mass index; HC, hip circumference; HT, hypertension; NC, neck
circumference; ODI, oxyhemoglobin desaturation index; SaO,, oxygen saturation; WC, waist circumference.

Statistical Analysis

Results are presented as means + standard deviation (SD) for
continuous variables and percentages for categorical variables.

The characteristics of the study population, as well as DEXA
and anthropometric measurements, were compared between
patients with and without OSA using a univariate analysis of
variance or chi-square test as appropriate. The relationships
between BMD measurements, anthropometric measurements,
and polygraphic data were estimated using Pearson correla-
tion coefficient. Multiple linear regression analysis was then
performed to analyze the relationship between femoral and
lumbar T scores (dependent variables) and sex, DEE, anthro-
pometric data, hypertension, smoking status, alcohol consump-
tion, AHI, and ODI.

Data were analyzed using the Statistical Package for the
Social Sciences version 17 for Windows (SPSS Inc., Chicago,
IL, USA) and Stata release 11 (Stat Corp, College Station, TX,
USA). All reported P values are two-tailed, the threshold of
statistical significance being set at P < 0.05.

RESULTS

Clinical, anthropometric, and polygraphic data for the
entire study population and for men and women separately are
summarized in Table 1. Of the total population, 58.9% were
female and 41.1% were male. OSA was manifested by 55% of
the participants, with 44.9% having an AHI < 15. Comparison
between patients with and without OSA in the total sample
revealed significant differences in anthropometric variables and
prevalence of diabetes and hypertension, but no differences in
smoking, alcohol consumption, or dyslipidemia. With regard
to sex, we found that men, whether with or without OSA, had
greater NC and WC than the corresponding groups of women,
as well as higher values of AHI. Men with OSA had higher ODI
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(P < 0.001). Sex differences were also evident with respect to
BMI, metabolic factors, and hypertension.

Table 2 shows the mean BMD and DEE values and the prev-
alence of osteoporosis/osteopenia in patients with and without
OSA for the whole group and for men and women separately.
Overall, patients with OSA had a higher BMD at both femoral
and lumbar sites (P < 0.001) and a greater DEE. According to
threshold values,'® femoral and lumbar spine osteopenia was
found in 42% and 39%, respectively, of the total sample, with
osteoporosis being present in 5% and 11%, respectively. No
significant differences in the prevalence of osteopenia/osteopo-
rosis were found between patients with and without OSA.

Considering men and women separately, stratified according
to the absence or presence of OSA (Table 2), no significant
differences in BMD or prevalence of osteopenia/osteoporosis
were found between patients with and without OSA regardless
of sex. In women, there was a trend toward greater osteopenia
and lower femoral and lumbar BMD in patients without OSA,
although these differences reached statistical significance only
with respect to BMD. Table 3 reports the data for patients with
and without osteopenia/osteoporosis at the femoral and lumbar
sites. Compared to patients with normal BMD, patients with
osteopenia/osteoporosis had lower values of AHI, ODI, and
other hypoxemia variables, suggesting a protective role of
nocturnal hypoxemia on bone density.

In the bivariate analysis (Table 4), femoral BMD corre-
lated positively with all anthropometric variables, in particular
NC and WC, as well as with AHI and ODI. Similarly, spinal
BMD was correlated with BMI, NC and WC, and with AHI
and ODI (P = 0.01). These correlations did not differ between
men and women.

A multiple regression analysis was performed to examine
the independent relationship between T score at femoral and
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Table 2—Comparison of bone mineral density at two anatomical sites between subjects with and without obstructive sleep apnea (mean + standard deviation)
in the total group and in women and men separately

Total group Women Men

AHI<15 AHI 215 P AHI<15 AHI 2 15 P AHI<15 AHI 215 P

DEE (Kj) 10,058 10,653 <0.001 9,068 10,003  <0.001 10,881 11,324 <0.001
+1,789 +1,999 +1,710 +1,971 + 1,690 + 1,811

Femoral BMD (g/cm?) 082+14 086+146 <0.001 0.78+0.12 0.79+0.13 ns 0.89+0.15" 0.92+0.13 ns
Femoral T score -098+10 -0.78+1.00 0.005 -1.03+0.99 -0.87 +1.01 ns 086+11 -0.69+0.94* ns
Normal femoral BMD (%) 50 57 ns 47 50 ns 57 64 ns
Femoral osteopenia (%) 45 40 ns 50 47 ns 35 32 ns
Femoral osteoporosis (%) 5 3 ns 4 4 ns 8 3 ns
Lumbar spine BMD (g/cm?) 0.93 + 1 097+16  <0.001 089+0.14 092+15 0.02 1.00+0.17t 1.02 £0.15¢ ns
Lumbar spine T score 1.0+14 08+14 0.01 12+13 -092+14 ns -08+16* -0.7+14* ns
Normal lumbar BMD (%) 47 52 ns 44 50 ns 55 54 ns
Lumbar osteopenia (%) 39 39 ns 42 37 ns 34 4 ns
Lumbar osteoporosis (%) 14 9 ns 15 13 ns 12 5 ns

P values given in the table refer to analysis of variance (ANOVA) or chi-square differences between subjects with and without OSA for the total group and for
women and men considered separately. Statistically significant ANOVA or chi-square differences between men and women in the groups with and without
OSA: *P < 0.05, TP < 0.001. BMD, bone mineral density; DEE, daily energy expenditure (24-h energy expenditure); ns, not significant.

Table 3—Anthropometric, biological, and polygraphic data of subjects with normal bone mineral density and subjects with osteopenia or osteoporosis at the
femur and lumbar spine (mean + standard deviation).

Femoral Normal BMD (n = 443) Osteopenia (n = 349) Osteoporosis (n = 33) P
BMI (kg/m?) 265+ 3.7 243+35 228+338 <0.0001
HC/WC (cm) 0.88 +0.08 0.86 + 0.08 0.86 + 0.09 <0.0001
NC (cm) 38.0+3.8 359+38 36.0+38 <0.0001
AHI (n/h) 220+155 18.8 +13.9 16.7£13.7 0.004
ODI (n/h) 1.1+£104 759+84 51+55 0.0001
Sa0,% mean (%) 95.0+1.9 956+ 14 958+15 0.01
Sa0,% min (%) 88.9+4.6 906+34 90.7+4.0 <0.0001
Time with Sa0, < 90% (%) 277+83 11839 1.038 £2.8 0.002

Lumbar spine Normal BMD (n =413) Osteopenia (n = 322) Osteoporosis (n =93) P
BMI (kg/m?) 262+3.7 250+3.6 237139 <0.0001
HC/WC (cm) 0.88 +£0.80 0.87 +£0.09 0.85+0.07 <0.0001
NC (cm) 3771441 36.7+3.8 352+34 <0.0001
AHI (n/h) 215+153 202+15.2 15.9+10.0 0.004
ODI (n/h) 10.5+10.0 89+96 6.4+6.6 <0.0001
Sa0,% mean (%) 952+2.0 954+15 95.7+14 0.01
Sa0,% min (%) 89.3+44 89.9+41 90.7+3.5 <0.0001
Time with Sa0, < 90% (%) 259+82 1.63+4.8 087125 0.002

P values refer to ANOVA differences between subjects with osteopenia or osteoporosis and those with normal BMD. AHI, apnea-hypopnea index; BMD,
bone mineral density; BMI, body mass index; HC/WC, ratio of hip circumference to waist circumference; NC, neck circumference; ODI, oxyhemoglobin

desaturation index; Sa0,, oxygen saturation.

lumbar sites and sex, hypertension, glycemia, smoking habits,
DEE, BMI, waist-to-hip ratio, AHI, and ODI. As shown in
Tables 5 and 6, a significant relationship was found between
femoral T score and DEE (P < 0.0001), BMI (P <0.0001), ODI
(P =0.007) and, to a lesser extent, AHI (P = 0.04). Similarly,
at the lumbar site, the T score was significantly associated with
DEE (P =0.009), BMI (P = 0.005), ODI (P = 0.001) and, more
weakly, with AHI (P = 0.02). No statistically significant rela-
tionship was found between femoral and lumbar T scores and
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other variables of nocturnal hypoxemia, such as the mean and
minimum Sa0, and the time spent with SaO, below 90%.

To assess whether the risk of osteoporosis was affected by
the severity of OSA in terms of AHI, we calculated the odds
ratio (OR) for osteoporosis at the lumbar and femoral sites in
patients with mild and severe OSA after adjustment for DEE,
BMI, and ODI. At the lumbar site, the OR was 1.09 (95% confi-
dence interval, CI [0.66-1.81]; P =0.739) in patients with mild
OSA and 0.46 (95% CI [0.20-0.99]; P = 0.04) in those with
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Table 4—Pearson correlation coefficients of bone mineral density data
and clinical and polygraphic data

Femoral Femoral Lumbar Lumbar

BMD Tscore BMD Tscore
Femoral BMD 1 0.864*  0.598*  0.534*
Lumbar BMD 0.598*  0.583* 1 0.950*
HC (cm) 0.279*  0.359*  0.240*  0.230*
NC (cm) 0459  0.459*  0.430* 0.262*
WC (cm) 0.395*  0.230*  0.341*  0.395*
BMI (kg/m?) 0.331*  0.379*  0.287*  0.254*
AHI (n/h) 0.200*  0.141*  0.219*  0.159*
ODlI (n/h) 0.283*  0.228*  0.236*  0.206*
Sa0, mean (%) -0.175*  -0.170*  -0.119* -0.98*
Time with Sa0, <90% (%) -0.194* -0.170* -0.167* -0.98*

*Correlation significant at 0.01 level. AHI, apnea-hypopnea index; BMD,
bone mineral density; BMI, body mass index; HC, hip circumference;
NC, neck circumference; ODI, oxyhemoglobin desaturation index; Sa0,,
oxygen saturation; WC, waist circumference.

Table 5—Multiple regression analysis of the relationship between
anthropometric and polygraphic variables and femoral T scores

Variable  Coefficient SE Std Coeff T P
DEE 1.267x10* 2.432x10°  0.239 5210 <0.0001
Sex 0.050 0.087 0.024 0579  0.5627
oDl 0.020 0.006 0.189 3402  0.007
AHI -0.008 0.004 0110  -2.040  0.0417
BMI 0.054 0.013 0.198 4274 <0.0001
Glycemia  0.239 0.186 0.046 1284  0.1995
Smoking  -0.195 0.083 -0.084  -2.351  0.0190
HT -0.57 0.070 -0.028  -0.811 0.4179
HC/WC -0.374 0.507 -0.030 -0.737 04615

P = significance of the variable entered in the model. R = 0.44, R?=0.199,
P < 0.001. AHI, apnea-hypopnea index; BMI, body mass index; DEE,
daily energy expenditure; HC/WC, ratio of hip circumference to waist
circumference; HT, hypertension; ODI, oxyhemoglobin desaturation
index; SE, standard error; Std Coeff, standard coefficient.

severe OSA (AHI > 30), suggesting a decreased risk of osteo-
porosis in the latter group. At the femoral site, the AHI played
no role either in patients with mild OSA (> 15 AHI < 30) OR:
0.95, 95% CI (0.37-1.94), P = 0.69 or in those with severe OSA
(AHI > 30) OR: 0.85, 95% CI (0.28-2.3), P=0.76).

DISCUSSION

The current study was designed to evaluate the association
between OSA and BMD in a large number of healthy elderly as
well as to assess the effect of recurrent apnea-related hypoxemia
on BMD and risk of osteoporosis. The first interesting finding
of our study is that in elderly subjects, the presence of OSA did
not induce a decrease in BMD and did not increase the risk of
osteoporosis compared to patients without OSA. Moreover, in
contrast to middle-aged patients, the risk of osteopenia/osteo-
porosis was lower in patients with higher DEE, ODI, and BMI,
suggesting that the apnea-related hypoxemia, higher activity,
and higher BMI preserve bone mineral content in the elderly.
Finally, the statistically significant effect of ODI on BMD, in
the absence of any effect of AHI, mean oxygen saturation, or
time spent with an oxygen saturation < 90%, appears to support
the hypothesis that intermittent hypoxia plays a protective role
with respect to bone metabolism in the elderly.

Little has been published about BMD and osteoporosis in
individuals with OSA. Tomiyama and coworkers'® observed an
elevation of bone resorption marker (urinary C-terminal telo-
peptide of type I collagen (CTX) in 50 middle-aged patients
with OSA, reversed by CPAP therapy in 21 of the 40 patients
with moderate to severe OSA. Because the effect of CPAP treat-
ment was evident in only 21 patients, the authors suggested that
patients with OSA have abnormal bone metabolism character-
ized by increased bone resorption and suppressed bone forma-
tion. Similarly, Uzkeser and colleagues'® found decreased levels
of BMD at femoral and lumbar sites in 21 patients with OSA,
indicating a greater risk of osteoporosis in patients with this
disorder. In contrast with these data, obtained in middle-aged
patients, our study did not reveal any significant link between
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Table 6—Multiple regression analysis of the relationship between
anthropometric and polygraphic variables and lumbar spine T scores

Variable  Coefficient SE Std Coeff T P
DEE 1.208x10* 3.616x10°  0.163 3.341  0.0092
Sex 0.119 0.087 0.024 0.579  0.5622
oDl 0.019 0.006 0.125 3298  0.0011
AHI 0.008 0.004 0.083 2235 0.0255
BMI 0.052 0.019 0.137 2.798  0.0052
Glycemia  0.150 0.274 0.021 -1.364  0.1728
Smoking  -0.167 0.123 -0.051 -1.364  0.0190
HT -0.084 0.104 -0.029 -0.815 04155
HC/WC -0.360 0.752 -0.021 -0.480 06317

P = significance of the variable entered in the model. R =0.31, R2=10.093,
P < 0.001. AHI, apnea-hypopnea index; BMI, body mass index; DEE,
daily energy expenditure; HC/WC, ratio of hip circumference to waist
circumference; HT, hypertension; ODI, oxyhemoglobin desaturation
index; SE, standard error; Std Coeff; standard coefficient.

OSA severity, as defined by AHI, and increased osteoporosis. In
our sample higher ODI and increased DEE are associated with
higher BMD in the elderly. These conflicting results concerning
the link between OSA and the risk of osteopenia/osteopo-
rosis risk might be explained in part by the different selection
criteria used in the previous studies, such as age, the small
sample sizes, the inclusion of patients with comorbidities and
different diagnostic methods. In our study, we followed strict
rules for selection of the study population, excluding patients
with confounding factors such as osteoporosis medication and
pulmonary or coronary artery disease, which especially affect
bone mass. In addition, we took into account DEE,?” anthropo-
metric variables,” and general factors that may have a benefi-
cial or deleterious effect on BMD.

To explain the lack of BMD impairment in our elderly
subjects with OSA, some pathophysiological data should
be considered. We know that recurrent hypoxia is the major
factor associated with OSA likely to affect bone cell function,
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either directly or by acting on the proinflammatory processes,
oxidative stress, and endothelial dysfunction implicated in
OSA.#% The increased levels of biochemical markers of
physiological regeneration of tissues, e.g., mesenchymal
cells, observed in rats after intermittent hypoxic exposure are
in accordance with our cross-sectional observations in healthy
elderly subjects with OSA. In our study population, there was
a significant association between femoral and lumbar BMD
and ODI, with no effect of AHI, mean oxygen saturation,
or time spent at an Sa0, < 90%. These findings appear to
support the hypothesis that, in contrast with chronic hypoxia,
recurrent hypoxemia may prevent osteopenia/osteoporosis in
elderly patients with OSA. Although speculative and based on
experimental data, a hypothesis could be proposed to explain
the protective effect of intermittent hypoxia on bone metabo-
lism. As in animal models,>*!° the recurrent transient falls in
oxygen saturation could mobilize MSCs capable of under-
going differentiation into osteocytes. The resulting promo-
tion of osteoblastic activity might slow bone resorption and
consequently the risk of osteopenia/osteoporosis related to
the aging process.*

Although obesity, through mechanical load-bearing and
production of cytokines and hormones, may reduce BMD,
there is no clear consensus regarding the true effect of obesity
on BMD. Obesity-related comorbidities, e.g., oxidative stress,
systemic inflammation, and metabolic factors, more than BMI
in itself may be implicated to a great extent in the association
between obesity and osteoporosis.’’*® In our study we found
that DEE and ODI and BMI were the most significant factors
affecting BMD and the risk of osteoporosis. These prelimi-
nary data and the positive correlation between BMD and BMI
deserve further study in large, prospective cohorts of obese
patients with OSA in order to understand the true effect of
obesity and BMI on bone structure.

Some strengths and limitations of our study should be high-
lighted. The strengths of this study include use of the current
gold standard diagnostic method for the diagnosis of osteopo-
rosis, namely DEXA, the collection of data from a large popu-
lation sample, the inclusion of numerous untreated women and
the objective documentation of breathing disorders by over-
night polygraphy. Moreover, we examined the effect of other
factors potentially implicated in abnormal bone metabolism,
such as smoking habits, physical activity, anthropometric vari-
ables, hypertension, and diabetes, which all potentially play a
role in the pathophysiological association between OSA and
osteoporosis.

Our study has a number of limitations. First, due to its
cross-sectional nature, implying analysis of a homogenous
group of elderly subjects of similar age and with no previous
clinically relevant disease, we cannot extrapolate our results
to middle-aged or elderly patients, or assess the causative
relationship between ODI and BMD. Second, we did not
measure the serum and urinary levels of bone metabolism
markers. However, as previously described, the values of
certain variables did not differ between patients with OSA and
controls'>'¢ at baseline or after CPAP treatment,"> suggesting
a more complex dysfunction of bone metabolism in patients
with OSA. Finally, we used ambulatory polygraphy, which
does not allow assessment of sleep structure and sleep

SLEEP, Vol. 36, No. 10, 2013

duration, two factors recently shown to be implicated in the
risk of osteoporosis.?**

In conclusion, this study is the first to evaluate the true
association between BMD and OSA, taking into consider-
ation the role of confounding factors, such as metabolic and
vascular factors, on bone composition. In a large sample of
healthy elderly subjects, we did not find any increased risk of
osteoporosis among those with OSA, even in women. Inter-
estingly, intermittent hypoxia, as assessed by ODI, seems to
exert a protective role with regard to the age-related decline
in BMD, reducing the prevalence of osteopenia/osteoporosis in
our elderly. Larger clinical studies are needed to clarify whether
or not OSA is an independent risk factor for osteoporosis and
whether, paradoxically, recurrent hypoxia may act as a protec-
tive factor with respect to the risk of osteoporosis.

ABBREVIATIONS
AHI, apnea-hypopnea index
BMD, bone mineral density
BMI, body mass index
CPAP, continuous positive airway pressure
DEE, daily energy expenditure
DEXA, dual-energy X-ray absorptiometry
ESS, Epworth sleepiness scale
[H, intermittent hypoxia
ODI, oxygen desaturation index
OR, odds ratio
OSA, obstructive sleep apnea
Sa0,, oxygen saturation
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