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Abstract

Background Obstructive sleep apnea (OSA) and osteoporosis are both prevalent diseases with shared pathophysio-
logical mechanisms and risk factors. However, the association between the two diseases is seldom studied. This study
aimed to identify the link between OSA and bone metabolism.

Methods Male participants aged 30-59-years who visited the sleep clinic were continuously recruited. Polysom-
nography was used to evaluate sleep and respiratory conditions. Blood samples were collected to detect metabolic,
inflammatory and bone turnover indicators. High-resolution peripheral quantitative computer tomography was used
to measure the non-dominant lateral radius and tibia.

Results Ninety subjects were recruited. The cortical area (Ct.Ar) of tibia of the severe OSA group was significantly
higher than that of the mild and moderate OSA groups (P=0.06 and P=0.048). There were significant differences
between the four groups in terms of total volumetric bone mineral density (VBMD) (F=2.990, P=0.035), meta trabecu-
lar vBMD (F=3.696, P=0.015), trabecular thickness (Th.Th) (F=7.060, P=0.000) and cortical thickness (Ct.Th) (F=4.959,
P=0.003). The mean values of the OSA groups were lower than control group. Hypopnea index and percentage

of total sleep time with SpO, < 90% were both positively correlated with alkaline phosphatase (R=0.213, P=0.044;
R=0.212, P=0.045). Sleep efficiency was correlated with multiple indicators of the radius.

Conclusions In non-elderly male populations, OSA patients tended to have lower vBMD, Tb.Th and Ct.Th than non-
OSA patients. The negative effect of OSA may mainly affect the osteogenesis process, and is presumed to be related
to sleep-related hypoxemia and sleep efficiency.
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Background

Obstructive sleep apnea (OSA) consists of repeated
apnea and hypopnea events during sleep, characterized
by repeated upper airway collapse or stenosis during
sleep, causing intermittent hypoxia and sleep fragmen-
tation at night. Clinical manifestations include snoring,
repeated arousals, increased nocturia, morning head-
ache, and daytime sleepiness. Over time, it can cause
memory and cognitive decline, and even sudden death.
Currently, the prevalence of the disease in individu-
als aged 30—69 years is approximately 936 million, and
425 million adults aged 30—69 years have moderate to
severe OSA [1]. The gold standard for the diagnosis of
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the disease is polysomnography (PSG), while the first
and commonly used treatment is continuous positive
airway pressure (CPAP) therapy.

Osteoporosis is a common chronic skeletal disease
related to aging. It is characterized by a reduction in
bone mass and destruction of bone microstructure,
causing a decrease in bone strength and an increase in
bone fragility [2]. It is currently believed that factors
affecting bone quality include age, genetics, nutrition,
vitamin and mineral deficiencies, lifestyle, smoking his-
tory, hormone levels, and medication history [3]. Fur-
thermore, the annual direct cost is close to 18 billion
US dollars, incurring a huge burden to individuals and
the national economy [4].

Only a few studies have been carried out on the rela-
tionship between OSA and bone metabolism [5-8].
Researchers have suggested that hypoxia, secondary
inflammation, endothelial dysfunction, oxidative stress,
sleep deprivation, and leptin resistance caused by OSA
can interfere with normal bone metabolism and cause
osteoporosis [9-20]. However, some researchers believe
that intermittent hypoxia from OSA can stimulate the
mobilization of mesenchymal stem cells and enhance
the osteogenic effect in animal models [5] and that the
mechanical load produced by the larger body weight of
OSA patients may have a certain positive effect on bone
formation [21]. Therefore, the correlation between OSA
and osteoporosis remains controversial, and the specific
underlying mechanisms are unclear.

Dual energy X-ray absorptiometry (DEXA) is a tradi-
tional tool that is widely used in most studies evaluating
bone quality in OSA patients [9]. However, this method
has the following shortcomings: First, the superimposed
soft tissues on the body surface cause X-ray attenuation
and beam hardening artifacts. Therefore, the application
of DEXA to measure the bone density of obese patients
(BMI>25 kg/m?) has poor accuracy [22, 23]. Second,
DEXA can only detect the two-dimensional character-
istics of bone, thereby without discriminating between
cortical bone and trabecular bone [24, 25]. HR-pQCT
is a new, non-invasive, low-radiation imaging method
for systematically assessing bone quality. This technol-
ogy can reconstruct the three-dimensional structure
of human bones and measure volumetric bone mineral
density (vBMD). Its sensitivity and specificity are signifi-
cantly higher than those of traditional DEXA. It can also
display bone microstructure and calculate bone mechani-
cal performance parameters [26—28]. HR-pQCT has
been fully tested for its sensitivity and accuracy [29-34].
In the past ten years, its application in clinical research
has increased exponentially, helping to better understand
the differences in bone microstructure caused by age, sex,
and various bone metabolic diseases [35].
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In this study, we compared the peripheral blood indi-
ces and HR-pQCT parameters (including bone geometry
parameters, vBMD, and bone microstructure) among the
OSA groups of different severities and the control group,
seeking to assess the correlation between OSA and osteo-
porosis, and to clarify the impact of OSA on bone quality.

Materials and methods

Patients

This was a cross-sectional study. The clinical path was
illustrated in Fig. 1. The study recruited male patients
who came to our sleep clinic between August 2017
and February 2019, aged 30-59-years-old, and with
BMI < 30 kg/m? Patients whose PSG results met the OSA
diagnostic criteria were included in the case group, and
those with normal results were in the control group. Indi-
viduals who had the following conditions were excluded:
central sleep apnea; having suffered or currently suffering
from diseases that affect bone metabolism; suffering from
cardiovascular disease, lung disease, nervous system dis-
ease, or mental disease; having received continuous posi-
tive pressure ventilation therapy; long-term bed rest or
use of wheelchairs; previous or current intake of drugs
that affect bone metabolism. The study protocol was
approved by the ethics committees of PUMCH (review
number: ZA-1502). The whole procedure was conducted
in accordance with the Declaration of Helsinki. Written
informed consent was obtained from each participant in
this study.

Data collection

Baseline demographics and medical history were
obtained. BMI and waist-to-hip ratio were calculated.
Seated blood pressure was recorded. Patients with hyper-
tension were defined as those with an elevated blood
pressure level measured multiple times without using
antihypertensive drugs or who had been diagnosed
before and were taking antihypertensive drugs. Dys-
lipidemia patients were defined as those who had a clear
history of dyslipidemia and were currently taking lipid-
lowering drugs, or in whom the peripheral blood test
showed abnormal blood lipid levels [36]. Patients with
diabetes were defined as those who had a clear diagno-
sis of diabetes in the past, were currently taking hypo-
glycemic drugs or insulin preparations, or had a fasting
blood glucose >7.0 mmol/L [37]. The Epworth sleepiness
scale (ESS) was administered. Participants with ESS>9
points were considered the presence of daytime sleepi-
ness symptoms.

To further evaluate individuals’ metabolic and inflam-
matory profiles, fasting blood samples were collected.
Indices like fasting blood glucose (BG), total cholesterol
(TC), triglycerides (TG), serum high-density lipoprotein
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Fig. 1 The clinical path. AHI=apnea hypopnea index; ESS=Epworth sleep score; BMI=body mass index; HR-pQCT = high-resolution peripheral

quantitative computed tomography

cholesterol (HDL-C), interleukin (IL)-6, tumor necrosis
factor (TNF)-«, erythrocyte sedimentation rate (ESR),
and hypersensitive C-reactive protein (hs-CRP) were
tested with standard procedure. Bone turnover markers
including Calcium (Ca), Phosphorus (P), alkaline phos-
phatase (ALP), total 25- hydroxyvitamin D (T-250HD),
and B-C-terminal telopeptide of type I collagen (B-CTX)
were also collected.

Polysomnography

All participants underwent nocturnal in-lab PSG (Embla
N7000, USA). Sleep and respiratory events were identi-
fied according to the guidelines of the American Acad-
emy of Sleep Medicine (AASM). Apnea was defined
as a decrease in respiratory airflow by 90% from base-
line for more than 10 s. Hypopnea was defined as a
decrease in respiratory airflow by 30% for more than
10 s, accompanied by a decrease in oxygen satura-
tion of more than 3% or arousal. The apnea—hypopnea
index (AHI) was the number of apnea or hypopnea

events per hour, and AHI>5 times/hour was consid-
ered reflective of OSA. Patients with OSA were divided
into mild (5 times/h<AHI<15 times/h), moderate
(15 times/h<AHI<30 times/h), and severe (AHI>30
times/h) groups. This study also included the average
blood oxygen saturation, lowest blood oxygen saturation,
and percentage of total sleep time (TST) with SpO, <90%
(%TST- SpO,<90%) as the oxygenation indicators.
Sleep efficiency was defined as TST/total recording
time X 100%.

HR-pQCT
HR-pQCT (Xtreme CTIL Scanco Medical AG, Brutti-
sellen, Switzerland) uses the standard mode (68kVp, 1462
HA, 100 ms) with a resolution of 61 pm. The measure-
ment sites were the tibia and radius on the non-dominant
side. The forearm and calf were fixed in carbon fiber
castings in the scanner platform. A total of 168 CT slices
were collected for each part. The analysis and recon-
struction followed the standard protocol provided by the
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manufacturer. Doctors were responsible for the semi-
automatic contour restoration of each CT slice at every
cross-sectional level to identify the periosteum boundary,
and segmented the cortical bone and trabecular compart-
ment. The following indicators were obtained: bone geo-
metric parameters, including total area (Tt.Ar), cortical
perimeter (Ct.Pm), cortical area (Ct.Ar), trabecular area
(Tb.Ar). BMD parameters, including total vBMD, trabec-
ular vBMD, cortical vBMD, external trabecular vBMD,
and internal trabecular vBMD. Bone microstructure
parameters, including trabecular bone volume fraction
(BV/TV), trabecular number (Tb.N), trabecular thick-
ness (Tb.Th), trabecular separation (Tb.Sp), trabecular
bone heterogeneity (St. Dev of 1/Tb.N: Inhomogeneity
of network, Tb.1/N.SD), cortical thickness (Ct.Th), and
intra-cortical porosity (Ct.Po), and cortical pore diameter
(Ct.Po.Dm) [26].

Statistical analysis

SPSS software (v25.0, IBM, USA) was used for data anal-
ysis. Normally distributed data, skewed data, and cate-
gorical data were expressed as mean + standard deviation,
median (interquartile variance), and proportion (percent-
age), respectively. Comparison of means between the
four groups: One-way analysis of variance was used for
continuous variables with normal distribution (post-hoc
comparison: Bonferroni method for those with uniform
variance, and Games-Howell method for those with une-
ven variance). The Kruskal-Wallis H (K) test was used
for continuous variables with non-normal distribution,
and the chi-square test was used for categorical vari-
ables. Correlation between two variables: a Pearson cor-
relation analysis was used for continuous variables with
normal distribution; otherwise, a Spearman correlation
analysis was used. A stepwise multiple regression analysis
was used (introduced when P<0.05, and related variables
were eliminated when P>0.1) to identify factors that can
affect bone parameters. A two-sided P<0.05 was consid-
ered statistically significant.

Results

General clinical data and sleep-related data

A total of 90 subjects were enrolled in this study (Table 1).
The sample included individuals across the range of OSA
severity. The average age was 47.13 £ 5.85 years old, with
no significant difference between the groups. The average
BMI was 25.66 +2.09. kg/m? with significant differences
(F=4.715, P=0.004). Pairwise comparison (Table 2)
showed the BMI of the severe OSA group was signifi-
cantly higher than non-OSA (P=0.036) and mild OSA
group (P=0.021). The proportions of OSA subjects com-
bined with dyslipidemia were significantly higher than
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non-OSA subjects (y’*=10.033, P=0.018). Differences of
smoking and drinking between groups was insignificant.

In terms of sleep conditions (Table 1), the average ESS
score of the four groups was 9.20 £4.96, with no signifi-
cant difference between them (P=0.609). Significant
differences related to the severity of OSA were found,
including AHI, apnea index (AI), hypopnea index (HI),
lowest blood oxygen saturation, average blood oxygen
saturation, and %TST-SpO, <90%. Further pairwise anal-
ysis (Table S1) found that the lowest and average oxygen
saturation in patients with severe OSA was significantly
lower than those in the non-OSA and mild OSA group.
% TST- SpO, < 90% in the severe OSA group was also sig-
nificantly higher than the other three groups. There was
no significant difference regarding TST and sleep effi-
ciency across groups.

Blood test results

There were significant differences in TG (y*=10.158,
P=0.017) and BG (y’=10.864, P=0.012) between the
four groups (Table 2). Pairwise comparison (Table S2)
showed that the TG of patients with severe OSA was
significantly higher than the control group (P=0.009),
and BG was significantly higher than the mild OSA
group (P=0.006). There was no significant difference
between the groups on inflammation and bone turnover
indicators.

HR-pQCT parameters

There were no significant differences of parameters on
distal radius (Table S3). In terms of the geometric param-
eters of the tibia (Table 3), the four groups of patients had
significant differences in Ct.Ar (F=4.797, P=0.04). Pair-
wise comparison showed that (Table S4) the Ct.Ar of the
severe OSA group was significantly higher than the mild
(P=0.06) and moderate OSA groups (P=0.048). In terms
of vBMD, the four groups of patients had statistical dif-
ferences in Tt.vBMD (F=2.990, P=0.035) and Tbh.Meta.
vBMD (F=3.696, P=0.015). OSA patients had lower val-
ues than healthy controls. Pairwise comparison showed
that only Tb.Meta.vBMD in the mild OSA group was
lower than non-OSA group (P=0.025). In terms of bone
microstructure, the four groups of patients had signifi-
cant differences in Tb.Th (F=7.060, P=0.000) and Ct.Th
(F=4.959, P=0.003). The mean values of the three severe
OSA groups were lower than non-OSA group. Pairwise
comparison showed that the Tb.Th of patients with mild
(P=0.001) and severe OSA (P=0.001) were lower than
non-OSA group. The Ct.Th of the mild OSA group was
significantly lower than non-OSA and severe OSA groups
(P=0.049 and 0.026).
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Table 1 General clinical data and polysomnographic parameters of OSA and control group subjects

Page 5 of 12

Items Total Control group Mild OSAgroup  Moderate OSA Severe OSA group F/y’-value P-value
group
Number 90 10 25 21 34
Age, year 47.13+585 45.60+£5.99 47.04+461 49.05+5.03 4647 +£6.95 1.131 0.341
BMI, l<g/m2 25.66+2.09 24.64+233 25.09£2.11 2525+£2.14 20.64+1.63 4715 0.004
SBP. mmHg 12539+13.73 12090+ 16.27 125.56+14.39 121.81+£16.28 128.79+£9.94 1.560 0.205
DBP, mmHg 85.00(80.00-95.00)  84.50(73.75-97.00)  90.00(85.00-94.50)  80.00(75.00-90.00)  85.00(80.00-95.00)  4.490 0.213
MBP, mmHg 98.15(91.90-105.00) 95.65(82.67-106.67) 102.00(95.00— 92.00(87.00-92.00)  98.65(94.58-98.65) 4.871 0.182
106.00)
NC, cm 39.00(38.00-40.70)  37.50(36.00-39.25)  39.00(37.50-40.00) 40.00(38.00-41.00)  39.50(38.00-41.00) 7.401 0.060
WC, cm 91.96+6.09 89.80+9.94 91.04+4.64 90.52+£6.04 94.15+5.17 2.597 0.058
HC, cm 98.98+5.18 99.10+£8.14 96.96+£5.80 98.57£4.12 100.68+3.67 2.666 0.053
WC/HC 0.93(0.90-0.96) 0.89(0.87-0.93) 0.93(0.91-0.98) 0.92(0.90-0.96) 0.94(0.91-0.96) 6.582 0.086
Hypertension, % 38.89 30.00 44,00 23.81 47.06 3.571 0.312
Diabetes, % 6.67 0.00 4.00 4.76 11.76 2.543 0.468
Dyslipidemia, % 53.33 10.00 60.00 47.62 64.71 10.033 0.018
Smoking history, %  27.78 20.00 28.00 2857 2941 0.354 0.950
drinking history, %  48.89 30.00 48.00 52.38 5294 1.762 0.623
ESS 9.20+£4.96 8.10£538 8.56£5.10 9.14+473 10.03£5.0 0.612 0.609
AHI, /h 22.05(8.75-40.98) 1.75(0.33-3.75) 8.8(6.55-11.75) 22.3(17.75-26.1) 48.50(38.88-58.60) 81.053 0.000
Al,/h 8.50(2.78-27.28) 0.40(0.08-1.10) 3.20(1.85-5.90) 8.90(5.45-17.85) 35.85(24.38-45.18) 67482 0.000
HI, /h 6.80(2.88-15.25) 1.00(0.00-3.15) 4.80(2.85-6.80) 12.80(4.60-15.65) 14.70(3.50-18.63) 27.987 0.000
Lowest SpO,, % 86.00(79.75-90.00)  92.50(86.75-96.25)  90.00(86.00-91.50)  87.00(83.00-90.00)  77.50(74.75-84.25)  44.349 0.000
Average SpO,, % 96.95(94.68-98.00) 97.80(96.93-98.43)  97.80(96.75-98.25)  97.00(94.50-98.15)  94.85(93.38-96.93)  24.652 0.000
TST, min 398.30(374.58- 390.35(327.58- 397.8(374.80- 393(371.70-404.85) 402.70(374.50- 2.867 0413
411.08) 410.55) 409.55) 416.87)
%TST-Sp0,<90%,  0.30(0.00-5.50) 0.00(0.00-0.13) 0.00(0.00-0.20) 0.30(0.00-1.85) 6.85(0.90-12.88) 47.698 0.000
%
N1, % 14.40(8.90-22.25) 9.30(7.07-20.1) 15.70(10.30-21.35)  15.1(8.15-22.80) 13.70(9.28-23.03) 1515 0.679
N2, % 4353+1148 40.81+£16.02 41.14+£846 4470+1348 4537+10.61 0.910 0.440
N3, % 23.12£942 2757+£10.29 2516+7.24 22.05+£10.62 2097 £9.44 1.870 0.141
REM, % 17.11+£6.09 18.66+5.08 17.81+£597 16.37+591 16.61+6.64 0.500 0.683
Sleep efficiency, %  92.91(87.85-95.86)  91.76(77.80-94.80) 92.89(88.73-95.55) 94.05(87.97-96.01)  93.36(88.73-96.87)  1.698 0.637

OSA obstructive sleep apnea, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, NC neck circumference, WC
waist circumference, HC hip circumference, ESS Epworth Sleep Scale, AHI apnea—hypopnea index, Al apnea index, Hl hypopnea index, SpO, oxygen saturation, TST

total sleep time, % TST- SpO, < 90% percentage of TST with SpO, < 90%, REM rapid eye movement. 1 mmHg=0.133kpa

Correlation analysis and multiple regression analysis

Correlations of general information, sleep indicators,
blood test, and geometric parameters were shown in
table S5 to table S9. HI and %TST-SpO,<90% were
positively correlated with ALP. For the radius (Table
S6, S8), age were negatively correlated with multiple
radius indicators of BMD and microstructure, such as
Tt.vBMD, Tb.vBMD, Ct.vBMD, and Tb.Th. BMI was
positively correlated with multiple indicators, such as
Ct.Ar, Tt.vBMD, Tb.vBMD, BV/TV, Tb.N, Tb.Th, and
Ct.Th, but negatively correlated with Tb.Sp (R=-0.261,
P=0.013). Neck circumference was positively correlated
with multiple radius geometric indices. Hip circumfer-
ence was correlated with multiple radius vBMD and bone

microstructure parameters. Among the sleep indicators,
only AHI was positively correlated with Th.Th (R=0.210,
P=0.047). Multiple parameters of radius, such as Ct.Ar,
Th.Ar, Tt.vBMD, and Tb.vBMD, showed a correlation
with sleep efficiency. In terms of bone turnover indica-
tors, Ca was negatively correlated with Tb.N (R=-0.242,
P=0.022). B-CTX was negatively correlated with multi-
ple radius parameters, including Tt.vBMD, Tb.vBMD,
Tb.Meta.vBMD, Tb.Inn.vBMD, and BV/TV.

For the tibia (Table S7, S9), the correlation analysis
showed that age was negatively correlated with multiple
indicators, such as Ct.Ar, Tt.vBMD, Th.vBMD, BV/TYV,
and TB.Th. BMI was positively correlated with indica-
tors like Ct.Ar, Tt.vBMD, Tb.vBMD, BV/TV, TB.Th, and



Qiao et al. BMC Pulmonary Medicine (2024) 24:28 Page 6 of 12
Table 2 Blood test results of OSA and control group subjects

Items Total Control group Mild OSA Moderate OSA group ~ Severe OSAgroup  F/x’>-value  P-value
TC 4.73(4.20-5.34) 4.17(3.92-5.22) 4.65(4.16-5.32) 5.07(4.39-5.64) 4.63(4.15-541) 1.743 0.627
TG 1.63(1.25-2.06) 0.93(0.86-1.48) 1 83( .34-2.39) 1.67(1.32-2.17) 1.71(1.32-2.36) 10.158 0.017
HDL-C 1.03(0.92-1.20) 1.13(1.02-1.20) 01(0.93-1.26) 1.00(0.95-1.16) 1.02(0.88-1.20) 1.822 0.610
BG 5.10(4.80-5.60) 5.20(4.65-5.43) 4. 80(4 40-5.25) 5.10(4.80-5.65) 5.40(4.98-5. 83) 10.864 0.012
IL-6 2.00(2.00-2.00) 2.00(2.00-2.00) 2.00(2.00-2.10) 2.00(2.00-2.00) 2.00(2.00-2.00) 1.221 0.748
TNF-a 7.90(6.50-10.55) 6.75(6.18-11.28) 8.10(6.20-16.35) 8.10(6.85-9.35) 7.90(6.88-10.70) 1.072 0.784
ESR 4.00(2.00-6.00) 3.00(2.75-4.50) 2.00(1.00-6.00) 4.00(2.00-5.00) 4.50(2.00-6.00) 2228 0526
HsCRP 1.00(0.62-1.70) 1.50(0.69-2.38) 0.98(0.53-1.62) 0.89(0.52-1.49) 1.04(0.68-2.23) 2912 0.405
Ca 232+0.10 2.33+0.09 2.31+0.09 2.27+0.09 2.33+0.10 2153 0.100

P 1.16(1.05-1.24) 1.19(1.10-1.23) 1.16(1.05-1.26) 1.16(1.01-1.26) 1.16(1.05-1.22) 0.176 0.981
T-250HD  18.10(14.70-23.05)  19.60(16.30-21.93)  16.30(15.00-24.80)  17.90(13.00-23.25) 18.90(14.68-22.55) 0.968 0.809
B-CTX 053+0.19 052+0.17 0.49+0.14 0.54+0.24 0.55+0.21 0456 0.714
ALP 79.18+20.83 77.50£22.56 74.56+24.25 80.71£20.74 82.12+17.76 0.688 0.562

OSA obstructive sleep apnea, TC cholesterol, TG triglycerides, HDL-C high-density lipoprotein cholesterol, BG blood glucose, IL-6 interleukin-6, TNF-a tumor necrosis
factor- a, ESR erythrocyte sedimentation rate, HsCRP high-sensitivity C-reactive protein, Ca calcium, P blood phosphorus, T-250HD total 25-hydroxyvitamin D, 8-CTX f3-1
collagen carboxy-terminal peptide, ALP alkaline phosphatase

Table 3 HR-pQCT parameters of tibial of OSA and control group subjects

Items Total Control group  mild OSA Moderate OSA  Severe OSA F/y’-value P-value
group group group
Geometric TtAr(mm?) 80.27+107.39 763.66+93.98 82996+125.13  84141+£11365 824.10+90.60 1.221 0.307
Parameters Ct.Pm(mm) 111.88+7.62 108.17+7.46 111.48+8.66 113.28+7.84 11249+6.63 1.105 0.352
CtAr(mm?) 147.75+22.60 153.03+£27.57 138.22+16.83 141.20+£18.07 157.25+23.86 4.797 0.004
Th.Ar(mm?) 67838+10833 616.24+84.37 687.58+12361 7061412207  672.74+88.35 1.685 0.176
BMD TtvBMD(mg HA/  291.13+49.78 316.37+48.03 274.78+52.86 279.28+46.77 303.04+4544 2.990 0.035
ccm)
Th.vBMD(mg 156.41+36.71 173.79+35.44 145.54+37.98 15334+31.28 161.17+37.94 1.761 0.161
HA/ccm)
Th.Meta. 223.98+40.97 249.76+37.75 206.54+42.09 219.10+3047 232.24+42.08 3.696 0.015
vBMD(mg HA/
ccm)
Th.nnn. 101.80(84.95- 125.40(88.70- 97.40(84.30- 98.40(85.60— 111.30(78.80- 0.447
vBMD(mg HA/ 137.85) 135.65) 108.90) 138.00) 143.35) 2.660
ccm)
CtvBMD(mg 905.73+£50.50 894.55+27.19 91227+57.06 896.25+56.71 910.06+47.02 0.625 0.601
HA/ccm)
Microstructure BV/TV 0.24+0.05 0.26+0.05 0.23+0.05 0.24+0.04 0.25+0.05 1.723 0.168
Parameters To.N(/mm) 1.26(1.14-1.37) 1.27(1.11-142) 1.23(1.11-1.36) 1.29(1.21-1.38) 1.27(1.14-1.38) 1.406 0.704
Th.Th(mm) 0.26+0.02 0.28+0.03 0.25+0.02 0.25+0.02 0.26+0.02 7.060 0.000
Tb.Sp(mm) 0.78(0.71-0.86)  0.78(0.69-0.88) ~ 0.80(0.71-0.88)  0.76(0.72-0.82)  0.76(0.69-0.84)  1.287 0.732
Th.1/N.SD(mm)  0.33(0.29-0.36) 0.33(0.28-0.37) 0.33(0.29-0.37)  0.32(0.29-0.36) 0.33(0.30-0.36) 0518 0915
Ct.Th(mm) 1.55+0.27 1.70+0.29 144+0.21 1.46+0.24 1.64+0.27 4959 0.003
CtPo 0.03(0.02-0.25)  0.03(0.02-0.04)  0.02(0.01-0.03)  0.03(0.02-0.04)  0.03(0.02-0.04) 5519 0.138
Ct.Po.Dm(mm) 0.23(0.21-0.25) 0.24(0.23-0.27) 0.23(0.21-0.25)  0.22(0.21-0.24) 0.24(0.21-0.27) 7.263 0.064

HR-pQCT high-resolution peripheral quantitative computed tomography, OSA obstructive sleep apnea, Tt.Ar total area, Ct.Pm cortical perimeter, Ct.Ar cortical area,
Tb.Ar trabecular area, BMD bone mineral density, Tt.vBMD total volumetric vBMD, Tb.vBMD trabecular vBMD, Tb.Meta.vBMD external trabecular vBMD, Tb.Inn.vBMD

internal trabecular vBMD, Ct.vBMD cortical vBMD, BV/TV trabecular bone volume fraction, Tb.N trabecular number, Tb.Th trabecular thickness, Tb.Sp trabecular

separation, Tb.1/N.SD trabecular bone heterogeneity, Ct.Th cortical thickness, Ct.Po intra-cortical porosity, Ct.Po.Dm cortical pore diameter
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Ct.Th. Multiple tibia parameters were positively corre-
lated with neck circumference, hip circumference and
waist-to-hip ratio. Among the indicators reflecting the
severity of OSA, only AHI (R=0.261, P=0.013) and Al
(R=0.223, P=0.034) showed a positive correlation with
Ct.Ar. Ca was positively correlated with Tb.Meta.vBMD
and Tb.Th. P was negatively correlated with Ct.vBMD.
B-CTX was correlated with a number of indicators,
including Tt.vBMD, Tb.vBMD, Tb.Inn.vBMD, Ct.vBMD,
and Tb.1/N.SD.

Regression analysis was performed on the bone turn-
over indicators and HR-pQCT indicators (Tables 4 and
5). None of the relevant indicators reflecting the sever-
ity of OSA showed correlation with the indicators of HR-
pQCT. Among the various indicators of HR-pQCT, most
had a linear correlation with age, body type indicators
(such as neck circumference and BMI), and comorbid
indicators (such as diabetes history, blood lipid indica-
tors, etc.). Sleep efficiency was correlated with multiple
indices of radius, including Ct.Ar, Tt.vBMD, Tb.vBMD,
BV/TYV, and Ct.Th.

Discussion
This study showed the vBMD, Tb.Th and Ct.Th of OSA
patients were lower than non-OSA group. The negative
impact of OSA on bone had already appeared in middle-
aged patients with OSA. The mechanisms underlying the
above phenomenon remain unclear, and might be related
to factors including body shape, metabolic complications,
changes in sleep efficiency, and sleep-related hypoxemia.
There was no significant difference in HR-pQCT
parameters of radius among the four groups of people,
but the difference in tibia was more obvious. A possible
reason might be that body weight has a greater effect
on lower limb bones than upper ones. In terms of bone
geometric parameters, the difference between the four
groups of people was mainly shown in Ct.Ar. Ct.Ar in
the severe OSA group was higher than mild and moder-
ate OSA groups. Considering the difference in BMI of the

Table 4 Regression analysis of blood and bone turnover indicators
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four groups of patients, the correlation and regression
analysis results, the result was mainly due to the larger
BMI in the severe OSA group. The difference in vBMD
was mainly reflected in Tt.vBMD and Tb.Meta.vBMD.
These indicators in OSA patients were much lower than
the normal population, which was consistent with some
previous studies [6, 38]. The difference in bone micro-
structure was mainly reflected in Tb.Th and Ct.Th. The
result was consistent with a previous meta-analysis
which also showed that Ct.vBMD, Tb.Th and stiffness
were better predictors for osteoporosis and fragility
fractures compared with other HR-qPCT parameters.
Despite OSA patients had lower levels, a correlation and
regression analysis showed that these two indicators were
only related to demographics like age, BMI, and neck
circumference. In addition, a regression analysis showed
that sleep efficiency was linearly correlated with multi-
ple parameters of HR-pQCT. Therefore, we believe that
changes in sleep efficiency in patients with OSA might
have a negative impact on bone quality to some extent.
There have also been several reports of bone loss caused
by abnormal sleep [17, 39], which was consistent with the
results of this study.

To date, there have only been a few studies regarding
the correlation between OSA and osteoporosis, and con-
clusions remain controversial. Some studies have sug-
gested negative association. Zhao et al. also conducted
a similar study in young male participants. They found
that moderate OSA patients had higher BMD at lumbar
spine than control and severe OSA patients. In 2012,
Mariani recruited 115 obese OSA patients (56 men, 59
women, BMI 30-40 kg/m?) for a cross-sectional study,
using DEXA to measure the BMD of their lumbar spine,
total iliac, and femoral neck. They found no difference
in BMD among OSA patients across different severities,
and the regression analysis did not find a clear correla-
tion between AHI and BMD [21]. However, it is worth
noting that the study did not have a control group. The
above research conclusions were consistent with those

Items B-value p-value R’-value F-value P-value

Ca TC 0.326 0.002 0.106 10453 0.002

T-250HD? Age 0.222 0.032 0.101 4.865 0.010
HDL-C 0.215 0.038

B-CTX DBP -0.249 0018 0.062 5.807 0.018

ALP TC 0.303 0.004 0.105 6.224 0.003
Average SpO, -0.226 0.028

Ca blood calcium, TC total cholesterol, T-250HD total 25-hydroxyvitamin D, HDL-C high-density lipoprotein cholesterol, 8-CTX -1 collagen carboxy terminal peptide,

ALP alkaline phosphatase, DBP diastolic blood pressure
2The dependent variable undergoes normal transformation (Ig)
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Table 5 Stepwise multiple regression analysis of HR-pQCT parameters

Items B-value p-value R*value F-value P-value Items B-value p-value R%*value F-value P-value
Tt.Ar NC 0.264 0012 0.069 6.569 0012 Tt.Ar NC 0.295 0.005 0.087 8.383 0.005
Ct.Ar BMI 0.363 0 0.259 9.995 0 CtPm NC 0.296 0.005 0.088 845 0.005
Sleep efficiency  0.261 0.007 CtAr BMI 0.728 0 0.381 14.691 0
p -0.228 0.017 NC -0.388 0.001
Th.Ar NC 0.25 0.017 0.097 4.674 0.012 TG 0218 0.014
Age 0.218 0.036 Age -0.176 0.045
TtvBMD Age -0.255 0.009 0.239 6.688 0 Tb.Ar NC 0.289 0.005 0.12 5.945 0.004
HDL-C -0.187 0.056 Age 0.229 0.026
Sleep efficiency 0.249 0.012 TtvBMD Age -0.364 0 0.386 13.341 0
B-CTX -0.245 0014 BMI 0.619 0
Tb.vBMD BMI 0.178 0.066 0.295 7.039 0 NC -0.446 0
Age -0.247 0.009 WC/HC  -0219 0.015
Diabetes 0.22 0.022 To.vBMD Age -0.252 0.01 0.198 8306 0
Sleep efficiency ~ 0.258 0.008 WC/HC  -0.312 0.002
B-CTX -0.24 0.013 BMI 03 0.003
CtvBMD Age -0.243 0.021 0.059 5.539 0.021 CtvBMD B-CTX  -0.292 0.005 0.085 8.197 0.005
BV/TV BMI 0.189 0.048 0315 7.742 0 BV/TV Age -0.236 0.016 0.215 7.83 0
Age -0.263 0.005 WC/HC  -0315 0.002
Diabetes 0.23 0015 BMI 0.304 0.002
Sleep efficiency  0.252 0.008 ToN WC/HC  -0228 0.031 0.052 4.805 0.031
B-CTX -0.244 0.011 TbTh BMI 0.508 0 0.232 8678 0
Tb.N HC 0.229 0.019 0.248 6.992 Age -0.306 0.002
Ca -0.341 0.001 0 NC -0.344 0.008
Diabetes 0.299 0.003 Tb.Sp B-CTX 0219 0.034 0.095 4.575 0.013
Age -0.196 0.047 WC/HC 0215 0.038
Tb.Th BMI 0272 0.005 0.256 7.324 0 Tb.1/NSD  B-CTX 0.306 0.003 0.094 9.082 0.003
Age -0.237 0.014 CtTh BMI 0.67 0 041 14.787 0
Sleep efficiency ~ 0.232 0.017 NC -0.51 0
Drink 0217 0.025 Age -0.284 0.001
Tb.Sp HC -0.208 0.031 0.275 6.375 0 BG 0.24 0.007
Diabetes -0.28 0.004 CtPoDm  WC 0.22 0.037 0.048 4476 0.037
Ca 0.324 0.001
Age 0233 0.018
HDL-C 0.192 0.044
To.1/NSD  TNF-a 0.209 0.026 031 6.225 0
Ca 0.365 0
Diabetes -0.257 0.007
Age 0214 0.025
HDL-C 0.233 0014
WC/HC 0214 0.023
CtTh BMI 0441 0.001 0.186 6.078 0
Sleep efficiency ~ 0.235 0.017
NC -0.298 0.023
Age -0.197 0.044
CtPo Sleep efficiency ~ 0.243 0.016 0.194 5119 0.001
ALP -0.21 0.039
HDL-C -0.239 0.02
25-OHD 0.206 0.048

HR-pQCT high-resolution peripheral quantitative computed tomography, Tt.Ar total area, Ct.Pm cortical perimeter, Ct.Ar cortical area, Tb.Ar trabecular area, BMD bone
mineral density, Tt.vBMD total volumetric vVBMD, Tb.vBMD trabecular vBMD, Ct.vBMD cortical vBMD, BV/TV trabecular bone volume fraction, Tb.N trabecular number,
Tb.Th trabecular thickness, Tb.Sp trabecular separation, Tb.1/N.SD trabecular bone heterogeneity, Ct.Th cortical thickness, Ct.Po intra-cortical porosity, Ct.Po.Dm cortical
pore diameter, NC neck circumference, WC waist circumference, HC hip circumference, BMI body mineral index, HDL-C serum high-density lipoprotein cholesterol, P
Phosphorus, B-CTX B-C-terminal telopeptide of type | collagen, Ca calcium, TG triglycerides, TNF-a Tumor necrosis factor, ALP alkaline phosphatase, BG blood glucose,
25-OHD total 25- hydroxyvitamin D
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of Torres et al., who exposed orchiectomized mice to
intermittent hypoxia to simulate OSA but did not find
a difference in femoral trabecular BMD with the con-
trol group [11]. Although the author presupposed that
32 days exposure was sufficient to observe the changes,
this may differ from the actual situation of human beings.
Some studies have suggested that OSA has a positive
effect on bone metabolism. Using abdominal CT, Dan-
iel et al. observed decreased BMD in OSA patients after
controlling for age, gender, and cardiovascular diseases.
In 2013, Sforza recruited 832 elderly patients with OSA.
Using DEXA, they found that the BMD of their femurs
and spine were higher than those of healthy controls.
BMI, AHI, and HI were closely related to BMD. They
believed that intermittent hypoxemia could promote
bone remodeling in the elderly. The research subjects
were limited to the elderly and cannot be inferred to the
entire population [8]. In 2017, Chen recruited 71 patients
with OSA and 13 controls. Using DEXA, they found that
the BMD and t-values of the hips of OSA patients were
higher than the control group. As the severity of OSA
increased, blood adiponectin decreased, and the level of
blood adiponectin was negatively correlated with total
hip BMD. They concluded that changes in plasma adi-
ponectin levels might be one of the reasons for which
OSA affects BMD [40]. However, most current studies
believed that OSA had a negative effect on bone qual-
ity. In 2016, Hamada evaluated 234 study subjects (180
men and 54 women) by CT and found that the lumbar
spine BMD of patients with severe OSA was lower. How-
ever, a correlation analysis showed that in males, BMD
was mainly affected by age, hypertension, and alveolar
arterial oxygen differential pressure, while females were
mainly affected by age. In this study, since the control
group had a higher ESS score, the possibility of combin-
ing undetected sleep diseases should be considered [38].
Uzkeser et al. showed that compared with the control
group, 21 OSA patients had a higher risk of osteoporosis.
The lumbar t-score, BMD, and femoral neck BMD were
significantly lower than the control group [6]. The results
of a large-sample cohort study in Taiwan in 2012 showed
that the risk of osteoporosis in OSA patients was 2.74
times that of non-OSA patients. However, the control
group might be mixed with undiagnosed OSA patients,
and the influence of weight and age on BMD cannot be
completely ruled out [9]. The contradictive results in the
above research may be due to confounders controlling
and different study designs.

In this study, the four groups of patients showed no
significant differences in inflammation indicators. How-
ever, it has been reported that OSA patients can increase
the level of systemic inflammatory factors such as IL-6,
TNEF-a, and CRP. This might interfere with normal bone
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metabolism [14, 41]. However, in our study, we found
no increase in any inflammatory factors, which may be
related to the small sample size.

No differences in blood bone turnover indicators were
found between the groups in this study. This may be
attributed to younger subjects recruited who may not yet
show any significant changes. In 2017, Chen recruited 71
OSA patients and 13 control groups to test their blood
bone turnover indicators, but found no significant dif-
ference [40]. Tomiyama found that 50 patients with OSA
had a significant increase in urine CTX, and further
discovered that 21 patients with OSA had a decrease in
urine CTX after CPAP treatment [5]. A recent study con-
firmed that CPAP treatment could improve BMD, vita-
min D and Ca levels in male OSA patients. In the study of
Terzi, the average femoral neck BMD of 30 OSA patients
was lower than that of the control group, and the serum
B-CTX level was higher [7]. The researchers believed that
OSA could promote bone resorption to some extent.
However, other bone turnover indicators such as Ca, P,
bone-specific ALP, and T-250H, did not show statistical
differences. Erden found that compared with the con-
trol group, the OSA group had higher PTH and lower
T-250HD levels [42]. In our study, the correlation analy-
sis showed that HI and %TST-SpO, <90% were positively
correlated with ALP, a common osteogenic indicator,
which suggest that hypoxia in OSA might interfere with
the process of bone formation. However, total ALP was
influenced by many factors and bone-specific ALP was
not collected in this study, the conclusion needs further
verification.

This study had several advantages. First, this study
evaluates the bone condition of OSA patients by HR-
pQCT for the first time. No study has reported changes
in bone geometric parameters and bone microstructure
in patients with OSA. Second, the PSG used in this study
is more accurate than the portable ones, and HR-pQCT
is more reasonable than DEXA. In addition, this study
has strict controls on confounding factors. However,
limitations exist in the current study. The cross-sectional
design can only assess the correlation between OSA
and osteoporosis. Some important confounders, such
as nutritional status and exercise amount, which would
affect bone metabolism, were not evaluated. In addition,
the sample size was relatively small. Women and elderly
were not included in this study. Both OSA and osteopo-
rosis are affected by gender, age and menopausal status.
The well-established feedback regulation in young and
male participants might be the reason for insignificant
findings in regression analysis. Finally, the inconsistent
result in pairwise comparison suggests complex mecha-
nisms behind these two diseases, which needs to be
interpreted with caution.
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Conclusions

This study found that OSA might negatively impact
the osteogenesis process. It manifested as a decrease
in vBMD, tibial cortex, and bone trabecular thickness;
this change has already appeared around middle age.
These abnormalities could be the potential indicators
for CPAP treatment which needs further validation. The
specific mechanism remains unclear but may be related
to factors such as body shape, metabolic complications,
changes in sleep efficiency, and sleep-related hypoxemia.
A study with a larger sample is necessary to further assess
the relationship and mechanisms between OSA and
osteoporosis.

Abbreviations

ALP Alkaline phosphatase

AHI Apnea hypopnea index

B-CTX (3-I collagen carboxy-terminal peptide

BG Blood glucose

BMD Bone mineral density

BMI Body mass index

BV/TV Trabecular bone volume fraction

cl Confidence interval

o, Carbon dioxide

COPD Chronic obstructive pulmonary disease

CPAP Continuous positive airway pressure

Ct.Ar Cortical area

Ct.Pm Cortical perimeter

CtPo Intra-cortical porosity

Ct.Po.Dm Cortical pore diameter

CtTh Cortical thickness

CtvBMD Cortical vBMD

DEXA Dual energy X-ray absorptiometry

ESR Erythrocyte sedimentation rate

ESS Epworth sleepiness scale

HDL-C High-density lipoprotein cholesterol

HR-pQCT High-resolution  peripheral ~quantitative computer
tomography

HsCRP High-sensitivity C-reactive protein

IL-6 Interleukin-6

ODlI Oxygen desaturation index

OR Odds ratio

OSA Obstructive sleep apnea

PSG Polysomnography

Sp0O, Oxygen saturation

%TST-Sp0O,<90%  Percentage of TST with SpO, < 90%

T-250HD Total 25-hydroxyvitamin D

Tb.1/N.SD Trabecular bone heterogeneity

Tb.Ar Trabecular area

Tb.Inn.vBMD Internal trabecular vBMD

Tb.Meta.vBMD External trabecular vBMD

To.N Trabecular number

Tb.Sp Trabecular separation

Tb.Th trabecular thickness

Tb.vBMD Trabecular vBMD

TC Total cholesterol

TG Triglycerides

TNF-a Tumor necrosis factor- a

TST Total sleep time

Tt.Ar Total area

TtvBMD Total volumetric vBMD

vBMD Volumetric bone mineral density

Page 10 of 12

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512890-024-02848-7.

Additional file1: Table S1. Pairwise comparison of general clinical data
and polysomnographic parameters between OSA and control group1
subjects. Table S2. Pairwise comparison of blood test results between
OSA and control group subjects. Table S3. HR-pQCT parameters of

radius of OSA and control group subjects. Table S4. Pairwise comparison
of HR-pQCT parameters of OSA and control group subjects. Table S5.
Correlation analysis of general information and blood test results. Table
S6. Correlation analysis of general clinical data and radius HR-pQCT
parameters. Table S7. Correlation analysis of general clinical data and tibia
HR-pQCT parameters. Table S8. Correlation analysis of peripheral blood
indexes and radius HR-pQCT parameters. Table S9. Correlation analysis of
peripheral blood indexes and tabia HR-pQCT parameters.

Acknowledgements
We would like to acknowledge our patients and every member in our team
for their support.

Authors’ contributions

Yixian Qiao collected most of the epidemiological and clinical data. Junwei
Guo, Jinmei Luo, Rong Huang, Xiaona Wang and Linfan Su helped with the
collection. Yixian Qiao, Yi Xiao and Weibo Xia possessed the analysis and
interpretation of the data. Yixian Qiao and Junwei Guo drafted the manuscript.
Yi Xiao and Weibo Xia helped to decide the concept and design of the study.
Yi Xiao and Weibo Xia revised the final manuscript for important intellectual
content, statistical expertise, and acquisition of funding.

Funding
This study was supported by the National Key Research and Development
Projects of China [No. 2013BAI09B10].

Availability of data and materials
The data that support the findings of this study are available from the cor-
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Ethical clearance and approval were obtained from Ethics Committee of

the Peking Union Medical College Hospital, Beijing, China (review number:
ZA-1502). All study participants were informed about the purpose of the study
and additional information was given as they need. Written informed consent
was obtained from all participants. We had complied with the Declaration of
Helsinki Ethical Principles for medical research involving human subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 8 August 2023 Accepted: 4 January 2024
Published online: 11 January 2024

References

1. Benjafield AV, Ayas NT, Eastwood PR, Heinzer R, Ip MSM, Morrell MJ,
Nunez CM, Patel SR, Penzel T, Pépin JL, et al. Estimation of the global
prevalence and burden of obstructive sleep apnoea: a literature-based
analysis. Lancet Respir Med. 2019;7(8):687-98. https://doi.org/10.1016/
$2213-2600(19)30198-5.


https://doi.org/10.1186/s12890-024-02848-7
https://doi.org/10.1186/s12890-024-02848-7
https://doi.org/10.1016/s2213-2600(19)30198-5
https://doi.org/10.1016/s2213-2600(19)30198-5

Qiao et al. BMC Pulmonary Medicine

(2024) 24:28

Consensus development conference. prophylaxis and treatment of
osteoporosis. Am J Med. 1991,90(1):107-10. https://doi.org/10.1016/
0002-9343(91)90512-v.

Yedavally-Yellayi S, Ho AM, Patalinghug EM. Update on Osteoporosis. Prim
Care. 2019;46(1):175-90. https://doi.org/10.1016/j.pop.2018.10.014.
Gabriel SE, Tosteson AN, Leibson CL, Crowson CS, Pond GR, Hammond
CS, Melton LJ 3rd. Direct medical costs attributable to osteoporotic
fractures. Osteoporosis international : a journal established as result of
cooperation between the European Foundation for Osteoporosis and the
National Osteoporosis Foundation of the USA. 2002;13(4):323-30. https://
doi.org/10.1007/5001980200033.

Tomiyama H, Okazaki R, Inoue D, Ochiai H, Shiina K, Takata Y, Hashimoto
H, Yamashina A. Link between obstructive sleep apnea and increased
bone resorption in men. Osteoporosis international : a journal estab-
lished as result of cooperation between the European Foundation for
Osteoporosis and the National Osteoporosis Foundation of the USA.
2008;19(8):1185-92. https://doi.org/10.1007/500198-007-0556-0.

Uzkeser H, Yildirim K, Aktan B, Karatay S, Kaynar H, Araz O, Kilic K. Bone
mineral density in patients with obstructive sleep apnea syndrome. Sleep
& breathing = Schlaf & Atmung. 2013;17(1):339-42. https://doi.org/10.
1007/511325-012-0698-y.

Terzi R, Yilmaz Z. Bone mineral density and changes in bone metabolism
in patients with obstructive sleep apnea syndrome. J Bone Miner Metab.
2016;34(4):475-81. https://doi.org/10.1007/500774-015-0691-1.

Sforza E, Thomas T, Barthélémy JC, Collet P, Roche F. Obstructive sleep
apnea is associated with preserved bone mineral density in healthy
elderly subjects. Sleep. 2013;36(10):1509-15. https://doi.org/10.5665/
sleep.3046.

Chen YL, Weng SF, Shen YC, Chou CW, Yang CY, Wang JJ, Tien KJ. Obstruc-
tive sleep apnea and risk of osteoporosis: a population-based cohort
study in Taiwan. J Clin Endocrinol Metab. 2014;99(7):2441-7. https://doi.
0rg/10.1210/jc.2014-1718.

Svensson M, Venge P, Janson C, Lindberg E. Relationship between sleep-
disordered breathing and markers of systemic inflammation in women
from the general population. J Sleep Res. 2012;21(2):147-54. https://doi.
org/10.1111/j.1365-2869.2011.00946.x.

. Torres M, Montserrat JM, Pavia J, Dalmases M, Ros D, Fernandez Y, Barbé

F, Navajas D, Farré R. Chronic intermittent hypoxia preserves bone
density in a mouse model of sleep apnea. Respir Physiol Neurobiol.
2013;189(3):646-8. https://doi.org/10.1016/j.resp.2013.08.016.

Arnett TR, Gibbons DC, Utting JC, Orriss IR, Hoebertz A, Rosendaal M,
Meghiji S. Hypoxia is a major stimulator of osteoclast formation and bone
resorption. J Cell Physiol. 2003;196(1):2-8. https://doi.org/10.1002/jcp.
10321.

Zhao LJ, Liu YJ, Liu PY, Hamilton J, Recker RR, Deng HW. Relationship of
obesity with osteoporosis. J Clin Endocrinol Metab. 2007,92(5):1640-6.
https://doi.org/10.1210/jc.2006-0572.

Yokoe T, Minoguchi K, Matsuo H, Oda N, Minoguchi H, Yoshino G, Hirano
T, Adachi M. Elevated levels of C-reactive protein and interleukin-6 in
patients with obstructive sleep apnea syndrome are decreased by nasal
continuous positive airway pressure. Circulation. 2003;107(8):1129-34.
https://doi.org/10.1161/01.cir.0000052627.99976.18.

Melhus H, Michaélsson K, Holmberg L, Wolk A, Ljunghall S. Smoking,
antioxidant vitamins, and the risk of hip fracture. Journal of bone and
mineral research : the official journal of the American Society for Bone
and Mineral Research. 1999;14(1):129-35. https://doi.org/10.1359/jbmr.
1999.14.1.129.

Sheweita SA, Khoshhal KI. Calcium metabolism and oxidative stress in
bone fractures: role of antioxidants. Curr Drug Metab. 2007;8(5):519-25.
https://doi.org/10.2174/138920007780866852.

Sivertsen B, Lallukka T, Salo P, Pallesen S, Hysing M, Krokstad S, Simon O.
Insomnia as a risk factor for ill health: results from the large population-
based prospective HUNT Study in Norway. J Sleep Res. 2014;23(2):124-32.
https://doi.org/10.1111/jsr.12102.

Fu X, Zhao X, Lu H, Jiang F, Ma X, Zhu S. Association between sleep
duration and bone mineral density in Chinese women. Bone.
2011;49(5):1062-6. https://doi.org/10.1016/j.bone.2011.08.008.

Motyl KJ, Rosen CJ. Understanding leptin-dependent regulation of
skeletal homeostasis. Biochimie. 2012;94(10):2089-96. https://doi.org/10.
1016/j.biochi.2012.04.015.

20.

AR

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

Page 11 of 12

Almeida M, Han L, Martin-Millan M, O'Brien CA, Manolagas SC. Oxidative
stress antagonizes Wnt signaling in osteoblast precursors by diverting
beta-catenin from T cell factor- to forkhead box O-mediated transcrip-
tion. J Biol Chem. 2007;282(37):27298-305. https://doi.org/10.1074/jbc.
M702811200.

Mariani S, Fiore D, Varone L, Basciani S, Persichetti A, Watanabe M, Sapon-
ara M, Spera G, Moretti C, Gnessi L. Obstructive sleep apnea and bone
mineral density in obese patients. Diabetes, metabolic syndrome and
obesity : targets and therapy. 2012;5:395-401. https://doi.org/10.2147/
dmso.537761.

Tothill P, Hannan WJ, Cowen S, Freeman CP. Anomalies in the measure-
ment of changes in total-body bone mineral by dual-energy X-ray
absorptiometry during weight change. Journal of bone and mineral
research : the official journal of the American Society for Bone and Min-
eral Research. 1997;12(11):1908-21. https://doi.org/10.1359/jbmr.1997.12.
11.1908.

Link TM. Osteoporosis imaging: state of the art and advanced imaging.
Radiology. 2012;263(1):3-17. https://doi.org/10.1148/radiol.2633201203.
Black DM, Cummings SR, Karpf DB, Cauley JA, Thompson DE, Nevitt MC,
Bauer DC, Genant HK, Haskell WL, Marcus R, et al. Randomised trial of
effect of alendronate on risk of fracture in women with existing vertebral
fractures. Fracture Intervention Trial Research Group. Lancet (London,
England). 1996;348(9041):1535-41. https://doi.org/10.1016/50140-
6736(96)07088-2.

Marshall D, Johnell O, Wedel H. Meta-analysis of how well measures of
bone mineral density predict occurrence of osteoporotic fractures. BMJ
(Clinical research ed). 1996;312(7041):1254-9. https://doi.org/10.1136/
bmj.312.7041.1254.

Geusens P, Chapurlat R, Schett G, Ghasem-Zadeh A, Seeman E, de Jong
J,van den Bergh J. High-resolution in vivo imaging of bone and joints:

a window to microarchitecture. Nat Rev Rheumatol. 2014;10(5):304-13.
https://doi.org/10.1038/nrrheum.2014.23.

Burghardt AJ, Link TM, Majumdar S. High-resolution computed tomogra-
phy for clinical imaging of bone microarchitecture. Clin Orthop Relat Res.
2011;469(8):2179-93. https://doi.org/10.1007/511999-010-1766-x.
Boutroy S, Bouxsein ML, Munoz F, Delmas PD. In vivo assessment of tra-
becular bone microarchitecture by high-resolution peripheral quantita-
tive computed tomography. J Clin Endocrinol Metab. 2005;90(12):6508—
15. https://doi.org/10.1210/jc.2005-1258.

Tjong W, Kazakia GJ, Burghardt AJ, Majumdar S. The effect of voxel size
on high-resolution peripheral computed tomography measurements of
trabecular and cortical bone microstructure. Med Phys. 2012;39(4):1893—
903. https://doi.org/10.1118/1.3689813.

MacNeil JA, Boyd SK. Accuracy of high-resolution peripheral quantitative
computed tomography for measurement of bone quality. Med Eng Phys.
2007;29(10):1096-105. https://doi.org/10.1016/.medengphy.2006.11.002.
Liu XS, Zhang XH, Sekhon KK, Adams MF, McMahon DJ, Bilezikian JP,
Shane E, Guo XE. High-resolution peripheral quantitative computed
tomography can assess microstructural and mechanical properties of
human distal tibial bone. Journal of bone and mineral research : the
official journal of the American Society for Bone and Mineral Research.
2010;25(4):746-56. https://doi.org/10.1359/jbmr.090822.

Varga P, Zysset PK. Assessment of volume fraction and fabric in the distal
radius using HR-pQCT. Bone. 2009;45(5):909-17. https://doi.org/10.1016/j.
bone.2009.07.001.

Burghardt AJ, Kazakia GJ, Majumdar S. A local adaptive threshold strategy
for high resolution peripheral quantitative computed tomography of
trabecular bone. Ann Biomed Eng. 2007;35(10):1678-86. https://doi.org/
10.1007/510439-007-9344-4.

Nishiyama KK, Macdonald HM, Buie HR, Hanley DA, Boyd SK. Postmeno-
pausal women with osteopenia have higher cortical porosity and thinner
cortices at the distal radius and tibia than women with normal aBMD:

an in vivo HR-pQCT study. Journal of bone and mineral research : the
official journal of the American Society for Bone and Mineral Research.
2010;25(4):882-90. https://doi.org/10.1359/jbmr.091020.

Cheung AM, Adachi JD, Hanley DA, Kendler DL, Davison KS, Josse R,
Brown JP, Ste-Marie LG, Kremer R, Erlandson MC, et al. High-resolution
peripheral quantitative computed tomography for the assessment of
bone strength and structure: a review by the Canadian Bone Strength
Working Group. Curr Osteoporos Rep. 2013;11(2):136-46. https://doi.org/
10.1007/511914-013-0140-9.


https://doi.org/10.1016/0002-9343(91)90512-v
https://doi.org/10.1016/0002-9343(91)90512-v
https://doi.org/10.1016/j.pop.2018.10.014
https://doi.org/10.1007/s001980200033
https://doi.org/10.1007/s001980200033
https://doi.org/10.1007/s00198-007-0556-0
https://doi.org/10.1007/s11325-012-0698-y
https://doi.org/10.1007/s11325-012-0698-y
https://doi.org/10.1007/s00774-015-0691-1
https://doi.org/10.5665/sleep.3046
https://doi.org/10.5665/sleep.3046
https://doi.org/10.1210/jc.2014-1718
https://doi.org/10.1210/jc.2014-1718
https://doi.org/10.1111/j.1365-2869.2011.00946.x
https://doi.org/10.1111/j.1365-2869.2011.00946.x
https://doi.org/10.1016/j.resp.2013.08.016
https://doi.org/10.1002/jcp.10321
https://doi.org/10.1002/jcp.10321
https://doi.org/10.1210/jc.2006-0572
https://doi.org/10.1161/01.cir.0000052627.99976.18
https://doi.org/10.1359/jbmr.1999.14.1.129
https://doi.org/10.1359/jbmr.1999.14.1.129
https://doi.org/10.2174/138920007780866852
https://doi.org/10.1111/jsr.12102
https://doi.org/10.1016/j.bone.2011.08.008
https://doi.org/10.1016/j.biochi.2012.04.015
https://doi.org/10.1016/j.biochi.2012.04.015
https://doi.org/10.1074/jbc.M702811200
https://doi.org/10.1074/jbc.M702811200
https://doi.org/10.2147/dmso.S37761
https://doi.org/10.2147/dmso.S37761
https://doi.org/10.1359/jbmr.1997.12.11.1908
https://doi.org/10.1359/jbmr.1997.12.11.1908
https://doi.org/10.1148/radiol.2633201203
https://doi.org/10.1016/s0140-6736(96)07088-2
https://doi.org/10.1016/s0140-6736(96)07088-2
https://doi.org/10.1136/bmj.312.7041.1254
https://doi.org/10.1136/bmj.312.7041.1254
https://doi.org/10.1038/nrrheum.2014.23
https://doi.org/10.1007/s11999-010-1766-x
https://doi.org/10.1210/jc.2005-1258
https://doi.org/10.1118/1.3689813
https://doi.org/10.1016/j.medengphy.2006.11.002
https://doi.org/10.1359/jbmr.090822
https://doi.org/10.1016/j.bone.2009.07.001
https://doi.org/10.1016/j.bone.2009.07.001
https://doi.org/10.1007/s10439-007-9344-4
https://doi.org/10.1007/s10439-007-9344-4
https://doi.org/10.1359/jbmr.091020
https://doi.org/10.1007/s11914-013-0140-9
https://doi.org/10.1007/s11914-013-0140-9

Qiao et al. BMC Pulmonary Medicine (2024) 24:28 Page 12 of 12

36. Catapano AL, Graham |, De Backer G, Wiklund O, Chapman MJ, Drexel
H, Hoes AW, Jennings CS, Landmesser U, Pedersen TR, et al. 2016 ESC/
EAS Guidelines for the Management of Dyslipidaemias. Eur Heart J.
2016;37(39):2999-3058. https://doi.org/10.1093/eurheartj/ehw272.

37. JiaW,Weng J, Zhu D, JiL, Lu J, Zhou Z, Zou D, Guo L, Ji Q, Chen L, et al.
Standards of medical care for type 2 diabetes in China 2019. Diabetes
Metab Res Rev. 2019;35(6): e3158. https://doi.org/10.1002/dmrr.3158.

38. Hamada S, Ikezoe K, Hirai T, Oguma T, Tanizawa K, Inouchi M, Handa T,
Oga T, Mishima M, Chin K. Evaluation of Bone Mineral Density by Com-
puted Tomography in Patients with Obstructive Sleep Apnea. Journal
of clinical sleep medicine : JCSM : official publication of the American
Academy of Sleep Medicine. 2016;12(1):25-34. https://doi.org/10.5664/
jcsm.5386.

39. Centers for Disease C, Prevention. Effect of short sleep duration on daily
activities—-United States, 2005-2008. MMWR Morb Mortal Wkly Rep.
2011,60(8):239-42.

40. Chen DD, Huang JF, Lin QC, Chen GP, Zhao JM. Relationship between
serum adiponectin and bone mineral density in male patients with
obstructive sleep apnea syndrome. Sleep & breathing = Schlaf &
Atmung. 2017,21(2):557-64. https://doi.org/10.1007/s11325-017-1492-7.

41. Guven SF, Turkkani MH, Ciftci B, Ciftci TU, Erdogan Y. The relationship
between high-sensitivity C-reactive protein levels and the severity
of obstructive sleep apnea. Sleep & breathing = Schlaf & Atmung.
2012;16(1):217-21. https://doi.org/10.1007/511325-011-0492-2.

42. Erden ES, Genc S, Motor S, Ustun |, Ulutas KT, Bilgic HK, Oktar S, Sungur
S, Erem C, Gokce C. Investigation of serum bisphenol A, vitamin D, and
parathyroid hormone levels in patients with obstructive sleep apnea
syndrome. Endocrine. 2014;45(2):311-8. https://doi.org/10.1007/
$12020-013-0022-z.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1093/eurheartj/ehw272
https://doi.org/10.1002/dmrr.3158
https://doi.org/10.5664/jcsm.5386
https://doi.org/10.5664/jcsm.5386
https://doi.org/10.1007/s11325-017-1492-7
https://doi.org/10.1007/s11325-011-0492-2
https://doi.org/10.1007/s12020-013-0022-z
https://doi.org/10.1007/s12020-013-0022-z

	Early bone loss in patients with obstructive sleep apnea: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Patients
	Data collection
	Polysomnography
	HR-pQCT
	Statistical analysis

	Results
	General clinical data and sleep-related data
	Blood test results
	HR-pQCT parameters
	Correlation analysis and multiple regression analysis

	Discussion
	Conclusions
	Anchor 21
	Acknowledgements
	References


