J Bone Miner Metab (2016) 34:475-481
DOI 10.1007/s00774-015-0691-1

@ CrossMark

ORIGINAL ARTICLE

Bone mineral density and changes in bone metabolism in patients
with obstructive sleep apnea syndrome

Rabia Terzi'® - Zahide Yilmaz?

Received: 22 November 2014 / Accepted: 19 May 2015 / Published online: 24 July 2015
© The Japanese Society for Bone and Mineral Research and Springer Japan 2015

Abstract The aim of this study was to evaluate the differ-
ences between patients with obstructive sleep apnea syn-
drome (OSAS) and phenotypically similar subjects without
OSAS in terms of bone mineral density (BMD) and bone
turnover markers. The study was conducted on 30 males
diagnosed with OSAS and 20 healthy males. All subjects
underwent polysomnographic testing. Calcium, phosphorus
parathyroid hormone, thyroid stimulating hormone, bone-
specific alkaline phosphatase, 25-hydroxyvitamin D3, oste-
ocalcin, and beta-CrossLaps (B-CTx) were measured. BMD
in the lumbar spine (L1-L4) and femoral neck was meas-
ured by dual energy X-ray absorptiometry. There was no
statistically significant difference between the two groups in
terms of demographic data with the exception of bone mass
index and waist circumference. (p < 0.05). Analyses showed
significantly lower BMD measurements in the femoral neck
and T-scores in the femoral neck in patients diagnosed with
OSAS. Serum B-CTx levels were found to be statistically
significantly higher in the OSAS group (p = 0.017). In mul-
tivariate assessments performed for apnea/hypopnea index
values, mean saturation O, levels were found to be signifi-
cantly associated with osteocalcin levels and neck BMD.
OSAS patients might represent a risk group with respect to
loss of BMD and bone resorption. It is important to evaluate
bone loss in these patients. Further studies should be car-
ried out on larger study populations to evaluate the effects of
chronic hypoxia on BMD in detail.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is a sleep disor-
der encompassing recurrent apnea and intermittent hypoxia
episodes [1]. Hypoxia associated with OSAS causes an
increase in oxidative stress, endothelial dysfunction, and
sympathetic activity [1], which in turn negatively affects
other organs and systems [3-5], particularly the cardiovas-
cular system [2]. There is still controversy over the effects
of OSAS on bone metabolism, and there is also paucity of
data on this topic in the literature [6-8].

Patients with OSAS may have multiple morbidities and
may have been exposed to systemic responses which might
affect bone metabolism. Studies have shown that chronic
hypoxia accelerates bone resorption by down-regulating oste-
ogenic differentiation and stimulating osteoclastic activity [10,
11]. Intermittent hypoxia occurring during apnea episodes
[9] is considered to have a negative impact on bone metabo-
lism [8]. Studies indicate the presence of increased systemic
inflammation in patients with OSAS, and increased interleu-
kin (IL)-6, tumor necrosis factor (TNF)-alpha, and C-reactive
protein (CRP) have been demonstrated [12-14]. Increased
inflammation can be a risk factor for bone mineral loss [8].
OSAS is a clinical condition often occurring in obese patients.
The obesity affects bone metabolism through weight loading
and production of cytokines or hormones [15].

To our knowledge, there are a limited number of studies
in the literature indicating a relationship between OSAS and
bone mineral density (BMD) [6—8]. Among these studies, no
study evaluated both BMD and bone turnover markers and
vitamin D levels. The aim of our study was to identify the
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differences in BMD and bone turnover markers between
OSAS patients and patients without OSAS. We also wanted
to evaluate the correlation between OSAS parameters
(apnea/hypopnea index [AHI], mean O, saturation) and bone
turnover markers and BMD.

Materials and methods

The study was conducted on 30 males diagnosed with OSAS
and 20 healthy males between 2012 and 2013. The control
group consisted of patients who were referred to the sleep
laboratories for polysonographic tests due to various reasons
and had normal polysonographic test results, who were liv-
ing in the same region as the OSAS patient group, and who
met the study eligibility criteria. Patients who had a known
history of chronic renal, pulmonary, and rheumatic disorders,
a previous history of a disease that could result in malabsorp-
tion syndrome, diabetes, impaired thyroid function, anorexia
nervosa, prolonged immobilization, and those who received
therapy for osteoporosis or medications that could affect
bone metabolism (steroids, thiazides, drugs for dyslipidemia,
warfarin, heparin, HRT, and chemotherapy) and patients
who previously received CPAP were excluded from the
study. Demographic data of all subjects were recorded, and
a detailed medical history was obtained, and all underwent
a physical examination. The habits of the patients and dura-
tion of the complaints were recorded. Approval was obtained
from the ethics committee for the current study.

Anthropometric measurements

Body mass index (BMI) was calculated by dividing weight
by the square of the height (kg/m?). Neck circumference
was measured at the midpoint of the neck between the mid-
cervical spine and the mid-anterior neck 0.5 cm below the
laryngeal prominence. Waist circumference was measured
midway between the lower rib margin and the iliac crest.

Polysomnographic test

All subjects underwent overnight polysomnographic record-
ing (Embla N 7000). The polysomnography included electro-
encephalogram, electrooculogram, chin and leg electromyo-
graphy, electrocardiography, snoring, oronasal thermistor,
nasal pressure transducer, finger pulse oximeter, thoracic
and abdominal respiratory movements, and body position.
The scoring was conducted based on the criteria of Ameri-
can Academy of Sleep Medicine (AASM) published in 2007.
Apnea was defined as >90 % decrease from baseline in the
oronasal thermistor signal amplitude for at least 10 s, and
hypopnea was defined as >50 % decrease from baseline in
the nasal cannula signal amplitude for at least for 10 s, and
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decrease in oxygen saturation was defined as >3 % decline
or presence of arousal. The AHI was defined as the number
of occurrences of apnea/hypopnea per hour (/h) during sleep.
Patients with an AHI >5/h were considered to have OSAS.
An AHI of 5-15/h was considered mild OSAS, 15-30/h was
considered moderate, and >30/h was considered severe.

Biochemical measurements

A fasting blood specimen was drawn from each subject.
Blood samples were collected between 8:00 and 10:30
a.m., and parathyroid hormone (PTH), thyroid stimulat-
ing hormone (TSH), calcium, and phosphorus levels were
measured by automated standard methods. Plasma osteoc-
alcin and B-isomerized form C-terminal telopeptideof type
I collagen (B-CTx) were measured via the electrochemi-
luminescence method using the Cobas® kit (Roche, Ger-
many) in the Cobas ¢601® analyzer (Roche, Germany). The
IDS® bone-specific alkaline phosphatase (Immunodiagnos-
tic Systems Ltd., UK) was studied using the enzyme-linked
immunosorbent assay (ELISA) kit in the BioTek ® ELISA
reader (BioTek Inc., USA). Additionally, 25-hydroxyvi-
tamin D3 (25(OH)D) was chromatographically measured
using the D3 Waters® UPLC/MS/MS device (Roche, UK).

BMD measurement

BMD at the lumbar spine and femoral neck were measured
by dual energy X-ray absorptiometry (Lunar Dpx-Pro).
Lumbar spine BMD was defined as the mean BMD in lum-
bar vertebrae 1-4. Patients were divided into two groups
according to their BMD results for the femoral neck and
lumbar spine using World Health Organization criteria—
those with normal BMD (7-score > —1.0 SD) and those
with osteopenia and osteoporosis (7-score < —1.0 SD).

Statistical analysis

Statistical analysis was performed using NCSS (Number
Cruncher Statistical System) 2007 and PASS (Power Analy-
sis and Sample Size) 2008 Statistical Software (NCSS LLC,
Kaysville, UT, USA) packages. In addition to the descriptive
statistics (mean, standard deviation, median, frequency, and
ratio), Student’s ¢ test was used to compare normally dis-
tributed variables, and the Mann—Whitney U test was used
to compare variables that did not show normal distribution.
ANCOVA (analysis of covariance) was used to evaluate the
effects of BMI. Spearman’s correlation analysis was used to
evaluate the association between the parameters. Yates’ con-
tinuity correction test was used to compare qualitative data.
The effects of other variables on AHI, mean O,, and mini-
mum O, levels were assessed by simple linear regression
and multiple linear regression analyses. The results were
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Table 1 Evaluation of descriptive features of the patients in the two groups
OSAS with patients (n = 30) Control group (n = 20) P value
Mean &+ SD Mean £+ SD
Age 52.37 + 8.58 50.60 £ 10.84 %0.710
Body mass index 3042 +£4.35 26.89 +3.42 0.004**
Neck circumference 37.27 £4.15 36.70 £ 3.20 %0.608
Waist circumference 108.10 +£9.70 98.20 + 8.44 40.001 **
n (%) n (%) P value
Smoking (n; %) 9 (30.0) 8 (40.0) °0.670
Hypertension 7(23.3) 4(20.0) 50.421
OSAS obstructive sleep apnea syndrome, SD standard deviation
*p<0.05, ** p <0.01
# Student’s ¢ test
® Yates’ continuity correction
Table 2 Evaluation of the sleep OSAS with patients (2 = 30)  Control group (n = 20) P value
parameters of the patients in the
two groups Mean + SD Mean + SD
Apnea/hypopnea index (AHI) 40.82 +22.90 2.09 £ 0.92 0,001 %
Mean saturation O, (%) 93.54 £2.14 95.85 £ 0.97 20.001**
Minumum saturation O, (%) 77.53 £ 10,66 9220+ 1.76 40.001**
Total sleep time (min) 453.30 £ 63.65 437.95 £ 61.94 40.403
Sleep efficiency (%) 86.78 + 10.48 84.47 + 12.84 °0.327
Non-REM(NREM) 1 latency (min) 10.05 +9.04 15.62 £ 14.65 °0.342
REM latency (min) 175.45 £ 115.11 157.43 +99.58 °0.520
Stage 1 (%) 9.18 £5.99 9.05 +£4.92 °0.851
Stage 2 (%) 31.57 + 14.47 30.41 +13.33 °0.905
Stage 3 (%) 3557 £16.29 32.99 +18.14 °0.759
R stage (%) 12.77 £ 6.87 12.28 £5.76 °0.586
Apnea index 25.96 + 24.08 0.28 £ 0.31 0,001
REM AHI 40.31 £ 23.65 6.52 +5.09 0,001
Non-REM AHI 40.53 £ 23.46 1.63 £ 0.83 °0.001%#*
Supine AHI 53.05 +22.74 3.84 +£2.29 50,001

OSAS obstructive sleep apnea syndrome, SD standard deviation

*p<0.05** p<0.01
2 Student’s ¢ test
> Mann—Whitney U test

expressed at a 95 % confidence interval, and the level of sta-
tistical significance was established at p < 0.05.

Results

The study was conducted on 30 male patients diagnosed
with OSAS and 20 healthy males in the control group. The
mean age was 52.37 & 8.58 years in patients with OSAS,
and 50.60 £ 10.84 years in the control group. There were
significant differences between the two groups in terms of

BMI and waist circumference (p < 0.05). There was no sig-
nificant difference between the two groups in terms of neck
circumference and smoking status (p > 0.05) (Table 1).

Sleep test parameters in the two groups are presented in
Table 2. Of 30 patients with OSAS, 11 had moderate and
19 had severe OSAS. None of the patients were diagnosed
with mild OSAS.

Analyses showed significantly lower BMD measure-
ments in the femoral neck and 7- scores in the femoral
neck in patients diagnosed with OSAS (p < 0.05). Although
BMD in L1-4 and lumbar T-scores were found to be lower
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Table 3 Evaluation of T-scores

) . OSAS with patients (n = 30) Control group (n = 20) P value
and bone mineral density of the . .
patients in the two groups Mean £ SD (median) Mean £ SD (median)
Lumbar L1-L4 BMD (g/cm?) 1.08 £ 0.15 (1.06) 1.16 £ 0.13 (1.14) 40.058
Femur neck BMD (g/cmz) 1.04 £ 0.15 (1.09) 1.15+£0.10 (1.18) %0.021*
n (%) n (%) P value
Lumbar L1-L4 T-score
<-1 20 (66.7) 7(35.0) 50.054
>—1 10 (33.3) 13 (65.0)
Femur neck 7T-score
<-1 9 (30.0) 1(5.0) €0.022%*
>—1 21 (70.0) 19 (95.0)
OSAS obstructive sleep apnea syndrome, SD standard deviation
*p <0.05
* Mann—Whitney U test
® Yates’ continuity correction
¢ Fisher’s exact test
Table 4 Evaluation of the laboratory parameters of the patients in the groups
OSAS with patients (n = 30) Control Group (n = 20) P value
Mean £+ SD Mean + SD
Calcium (mg/dl) 9.39 £ 043 9.26 £0.26 0.221
Phosphorus (mg/dl) 2.95 £ 0.40 2.92 £ 041 0.742
PTH (pg/ml) 59.02 £+ 20.98 52.28 £ 19.51 0.276
TSH (micU/ML) 1.27 £ 0.62 1.34 £0.52 0.352
Bone-specific ALP (U/1) 14.99 +5.41 14.16 £ 4.59 0.691
25-(OH) vitamin D (ng/ml) 14.06 +4.23 18.59 + 6.68 0.081
Osteocalcin (ng/ml) 20.01 £ 9.65 18.26 £ 3.79 0.677
B-CTx (pg/ml) 334.53 4+ 160.67 228.00 £+ 80.77 0.015%

OSAS obstructive sleep apnea syndrome, SD standard deviation, PTH parathyroid hormone, 7SH thyroid-stimulating hormone, B-CTX
B-isomerized form C-terminal telopeptide of type I collagen, ALP alkaline phosphatase

*p<0.05

in patients with OSAS compared to the control group, the
difference did not reach statistical significance (p > 0.05)
(Table 3).When the two groups were statistically compared
considering the effect of BMI, no statistically significant
difference was noted with respect to the levels of vitamin
D, whereas the CTX level was noted to be statistically sig-
nificantly higher in the OSAS group (Table 4).

Univariate analyses of AHI showed a significant positive
correlation between AHI and age, and significant negative
correlations between AHI and osteocalcin, femoral neck T
value, and femoral neck BMD value (p < 0.05). In multi-
variate analyses, a linear regression analysis was carried
out, and the results suggested that age, osteocalcin, and
femoral neck BMD values had significant effects on the
established model (p < 0.05) (Table 5). Univariate analyses
of mean saturation O, levels showed a significant negative
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correlation between mean saturation O, level and BMI, and
a significant positive correlation between mean saturation
O, level and osteocalcin, femoral neck T value, and femo-
ral neck BMD value (p < 0.05). In the case of multivari-
ate analyses on mean saturation O, levels, a linear regres-
sion analysis was carried out, and the results suggested
that BMI, osteocalcin, and femoral neck BMD values had
significant effects on the established model (p < 0.05)
(Table 5).

Discussion

Several studies have shown the negative effects of hypoxia
occurring in patients with OSAS on bone metabolism.
Hypoxia has been shown to increase the number and
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AHI

Mean O,

0.862 (0.129-1.596)

Tablg 5 .Univariatc? and AHI Mean O,
multivariate analysis of
association I.Je'tween AHI values, Age
men Qs maimmOutene ,oaw oz
mineral density p 0.023* 0.247
BMI
r 0.291 —0.642
p 0.119 <0.001%**
Osteocalcin
r —0.521 0.623
p 0.003**  <0.001%**
Femur neck BMD
r —0.558 0.497
p 0.001%** 0.005%**
Femur 7-score
r —0.556 0.487
D 0.001%** 0.006%**
B-CTX
r 0.195 0.103
D 0.303 0.590
B-ALP
r —0.036 —-0.199
D 0.852 0.292
Lumbar T-score
r 0.283 —0.204
P 0.130 0.281
Lumbar BMD
r 0.280 —0.154
p 0.134 0.417

0.023*

—0.251 (—0.356 to —0.146)
<0.001%*

—0.830 (—1.512 to —0.148)
0.019*

0.089 (0.04 0 t0.139)
0.0017%**

—64.360 (—109.158 to —19.562)
0.007**

4.565 (1.378-7.752)
0.007#*

Univariate: simple linear regression multivariate: multiple linear regression

BMI body mass index, 8-CTX B-isomerized form C-terminal telopeptide of type I collagen, B-ALP bone-

specific alkaline phosphatase
*p<0.05, ** p<0.01

volume of osteoclasts in human and animal models [16,
17], promote the function of osteoclasts by increasing the
expression of IL-6 and vascular endothelial growth factor
[16], and decrease osteoclast maturation and differentia-
tion [18]. Hypoxia also stimulates lipogenesis. Osteoblas-
tic cells and adipocytes originate from the same precursor
cells, and lipogenesis inhibits differentiation of osteoblasts
[20]. Chronic hypoxia decreases collagen synthesis by
decreasing the levels of oxygen-dependent enzymes [21].
Intermittent hypoxia could reduce the expressions of
Cbfal, bone ALP, and type I collagen [16]. Patients with
OSAS also develop acidosis [24]. Studies showed that bone
resorption was increased by one-fold after every 0.1 dec-
rement in pH value [23]. In addition, acidosis negatively
affects bone matrix mineralization [24]. Considering all
these effects, OSAS may be suggested to have unfavora-
ble effects on the bone metabolism. To our knowledge,
there are three studies in the literature that evaluated the

relationship between bone metabolism and OSAS. The
first two studies were conducted by Uzkeser et al. [7] and
Tomiyama et al. [8] on a small study population, and their
findings provided evidence for impaired bone metabolism
in this patient group. Tomiyama et al. studied 50 patients
with OSAS and 15 subjects in the control group, and as
markers of bone resorption, they found significantly higher
CTX and cytokine levels in patients with severe OSAS
compared to subjects in the control group and patients with
mild OSAS. They noted a decrease in these markers after
3 weeks of CPAP [8]. In the present study, serum CTX lev-
els were similarly significantly higher in the OSAS group.
In the study by Uzkeser et al., the risk of osteoporosis
was found to be higher in 21 patients with OSAS compared
to the control group, and they also found significantly
lower lumbar T-scores and BMD and femoral neck BMD
in the OSAS group [7]. In the present study, femoral neck
BMD and femoral neck 7-scores were significantly lower
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in patients with OSAS; however, there was no significant
difference in the lumbar region.

In contrast to these two studies, Sforza et al. [6] studied
elderly patients and found higher femoral and spinal BMD
values in the OSAS group compared to the control group.
When compared to the other two studies, this study offers
the advantage of a larger patient population (n = 8§32).
However, this study may also have disadvantages in that
the study population averaged 65 years of age, bone turno-
ver markers were not evaluated, and ambulatory polygra-
phy was used.

The results of the present study support the negative
effects of OSAS on BMD. At the same time, serum CTX
levels were significantly higher in the OSAS group. This
suggests that bone metabolism might have been affected
towards a catabolic state.

In the present study, vitamin D levels were found to be
lower in the OSAS group; however, there was no statisti-
cally significant difference after adjustments have been
made for BMI. Likewise, Erden et al. found higher PTH
and lower 25(OH)D3 levels in the OSAS group compared
to the control group [25]. Studies to date have usually
found lower vitamin D levels in obese patients [26]. Vita-
min D levels are often lower due to a lack of sun exposure
in relation to insufficient physical activity, excessive depo-
sition or sequestration of vitamin D in the fat tissue [27].

The limitations of our study include the absence of an
assessment of other factors (level of physical activity, nutri-
tion, calcium intake, and sunlight exposure) that might
affect BMD, absence of an examination with respect to
vertebral osteoarthritis, and the low sample size. In particu-
lar, the limited number of patients in our study population
might have led us to overlook the potential differences in
bone mass density in the lumbar region.

Our study is superior in that the control group comprised
subjects without OSAS, the diagnosis was confirmed by
polysomnographic recording and not based on history and
symptoms. Furthermore, to our knowledge, this is the first
study to evaluate BMD and bone turnover markers together
with vitamin D levels. Similar studies in a larger number of
patients are needed and, in addition to BMD, further stud-
ies related to bone quality and microarchitecture in this
patient population would be helpful in evaluating the rela-
tionship between OSAS and bone changes.

Conflict of interest The authors declared no conflict interest.
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