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Abstract

Purpose Obstructive sleep apnea (OSA) significantly affects patients’' quality of life; however, the mechanisms, such
as its effects on bone mineral density (BMD) and bone turnover marker (BTM) expression, remain unclear. In this study,
we investigated the relationships among OSA, BMD, and (BTMs) in older adults.

Methods This retrospective study enrolled 260 participants (114 women; 44.5%). Data of an established system (Alice
NightOne) were used to diagnose OSA and analyze nocturnal hypoxia. Participants were divided into four groups
according to respiratory event index (REl) (control, < 5 times/hour; mild OSA, 5-15 times/hour; moderate OSA 15-30
times/hour; severe OSA =30 times/hour). BMD were mesured by dual-energy x-ray absorptiometry. BTMs includ-

ing bone specific alkaline phosphatase (BALP), tartrate-resistant acid phosphatase 5b (TRAP-5b) were collected.

Results Patients with OSA had higher BMD at first lumbar vertebra, left and right femur than those without (all

p <0.05). REl was positively correlated with BMD at the first lumbar vertebra (r=0.181, p=0.006), left femur (r=0.160,
p=0.014), and right femur (r=0.243, p < 0.001). In participants with body mass index (BMI) of 18-24 kg/m? (N =96),
the correlation between REl and BMD at the left femur(r=0.251, p=0.019) and right femur (r=0.258, p=0.018)
remained. Multiple regression analysis showed that OSA was significantly associated with osteoporosis (p=0.034, 95%
confidence interval, 0.092-0.100, odds ratio, 0.092). MSaO, was positively correlated with TRAP5b (r=0.560, p=0.007).
In participants with a BMI of > 24 kg/m?(N=164), MSaO, was negatively correlated with BALP (r=-0.331, p=0.034). No
significant association between REl and BMD was observed.

Conclusions OSA and hypoxia were associated with higher BMD in older adults in BMI of 18-24 kg/m? but not in
participants with a BMI of = 24 kg/m?. This study suggests a negative association between OSA and osteoporosis

in non-overweight and obese population. BMI played an important role. The study’s findings could help exploration
mechanisms of osteoporosis and promoting its treatment.

Keywords Obstructive sleep apnea, Bone mineral density, Bone turnover markers, Older adults, Body mass index

Summary
fLihua Deng and Rong Jia contributed equally to this work. Conlflicting results existed regarding correlation between
*Correspondence: obstructive sleep apnea (OSA) and bone mineral density
Jingtong Wang (BMD) in older adults. We found higher BMD in patients
wangjingtong@pkupheducn A with OSA, and different bone turnover markers were
Department of Geriatrics, Peking University People’s Hospital, No. 11 X K . ) L.
Xizhimen South Street, Xicheng District, Beijing 100044, China involved in adults with different body mass indices, sug-
2 Peking University Health Science Center, Beijing, China gesting a role of hypoxemia and nocturnal hypopnea on

bone remodeling.

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-024-08070-0&domain=pdf
http://orcid.org/0000-0003-0878-2054

Deng et al. BMC Musculoskeletal Disorders (2024) 25:939

Background/introduction

Obstructive sleep apnea (OSA) is characterized by sleep
disruption, recurrent apnea, and intermittent hypox-
emia, which results in oxidative stress and increased
sympathetic activity [1]. It is associated with an increased
risk of multisystem diseases, such as hypertension, car-
diovascular disease, and diabetes [1-4]. Regarding bone
metabolism, intermittent hypoxia stimulates the for-
mation and activation of monocytes and macrophages,
triggering an oxidative stress response and causing high
sympathetic nerve activity, resulting in abnormal bone
metabolism and bone resorption [5, 6]. Animal models
studies suggest that intermittent hypoxia may promote
mesenchymal stem cells (MSC) mobilization from the
bone marrow into the blood circulation, thus altering the
bone remodeling process. Therefore OSA is associated
with bone metabolism and osteoporosis in many ways.
However, contradictory findings have arisen from human
studies. Several studies have suggested that OSA is asso-
ciated with decreased bone mass and is a risk factor for
osteoporosis, particularly in men [7-10]. The related
mechanism involves hypoxia, which can cause trophic
effects on the activity of osteoclasts and upregulate the
vascular endothelial growth factor and interleukin-6,
leading to osteoclastogenesis, release of inflammatory
cytokines, activation of sympathetic nervous systems,
and disruption of the diurnal rhythm of bone turnover
[11]. However, other studies have reported paradoxi-
cal results [12—14]. Studies by Sforza et al. [13] showed
that OSA is associated with preserved bone mineral
density (BMD) in healthy older participants. The oxygen
desaturation index (ODI) was significantly positively cor-
related with femoral and lumbar T-scores. Participants
with osteopenia and osteoporosis tended to have lower
apnea—hypopnea index (AHI) and hypoxia indices. These
results suggested that hypoxia may protect against osteo-
porosis. The study did not explore the changes in bone
metabolism markers. The current study was conducted
in the geriatric department (rather than sleep center) of
a general hospital to investigate the correlation between
OSA, nocturnal intermittent hypoxia, BMD, and bone
turnover markers (BTMs) in older patients. which could
provide insight into developing new approaches benefit-
ing osteoporosis treatment.

Methods

Study participants/population

This retrospective study was conducted from December
2016 to October 2023. This study revruited older adults
(>60 years old) who visited the Geriatric Department of
Peking University People’s Hospital for regular examina-
tions because of chronic diseases including hypertension
and diabetes mellitus, were recruited in this study. The
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demographic information, medical history, medication,
and anthropometric data, including weight and height
were collected. Body mass index (BMI) was calculated
as weight/height squared(kg/m?). This study exclude
participants with a history of chronic kidney disease,
pulmonary diasease, rheumatic disorders and disease
within one year that could result in malabsorption syn-
drome, impaired thyroid function, prolonged immobili-
zation; chronic liver disease, inflammatory bowel disease,
multiple myeloma, excessive drinking, cerebrovascular
accidents, malignant tumors, and those who received
therapy for osteoporosis or medications that could affect
bone metabolism (steroids, thiazides, warfarin, heparin,
and chemotherapy) were excluded. Initially, 648 patients
completed the sleep study assessment. According to
the inclusion and exclusion criteria, 260 patients (114
women, 44.5%) were eligible for further analysis.

The study was approved by the Ethics Committee
of Peking University People’s Hospital (Document ID:
2022PHB012-001). A study number instead of name was
used for further exploration and all electronic data was
stored on password protected system.

Sleep study

All patients (n=260) in this study completed a noctur-
nal sleep assessment at the hospital using an established
home sleep apnea testing system (HSAT), Alice Night-
One (Philips-Respironics, Inc., Murrysville, PA, USA),
which was approved by the Food and Drug Administra-
tion. Nasal airflow, chest and abdominal movements,
and pulse oximetry results were recorded. The results
were analyzed automatically using an analysis software
and after that manually interpreted according to the the
American Academy of Sleep Medicine definitions [15,
16]. Hypopnea was defined as a 50% or greater reduction
in airflow from the baseline value lasting at least 10 s and
associated with at least 3% oxygen desaturation or it was
defined as a 30% or greater reduction in airflow from the
baseline value lasting at least 10 s and associated with at
least 4% oxygen desaturation. The total number of res-
piratory events; respiratory event index (REI), which is
calculated as the number of sleep-associated apnea and
hypopnea events per hour of recording; oxygen desatu-
ration of >4% per hour of recording (ODI4), mean oxy-
gen saturation (MSaO2, %), and lowest oxygen saturation
(LSaO2, %) were calculated. Overtime in-lab polysom-
nography (PSG; Grael, Bestmed, China) was performed
and scored according to current practice guidelines
[15, 17] in 75 patients. The REI was used as the primary
measure to classify patients into four groups. Accord-
ing to recent data on older adults, an REI cutoff of>5
events/hour combined with clinical symptoms and/or
complications were used to define OSA. Furthermore,
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the severity was classified as follows: mild OSA: REI of
5-15 with clinical symptoms and/or complications and
85% of events scored as obstructive, moderate OSA: REI
of15-30 with clinical symptoms and/or complications
and 85% of events scored as obstructive, and severe OSA:
REI of > 30 with clinical symptoms and/or complications
and 85% of events scored as obstructive [18—20].

BMD measurement

The BMD of the lumbar vertebrae (L1-4) and bilateral
hip (includ- ing the femoral neck, trochanter, inside hip,
Ward’s triangle and total hip) was measured using the
Discovery QDR SERIES dual-energy x-ray bone den-
sity instrument (Hologic Inc., Bedford, MA, USA) in
the BMD examination room of Peking University Peo-
ple’s Hospital. A standard quality control program was
also carried out daily on the same machine, with a coef-
ficient of variation of 1.0%. T-scores were calculated
automatically by the built-in software, with the reference
population being Asian. According to the World Health
Organization’s definition, osteoporosis was defined as
a T-score of —2.5 SD or less at any site, and osteopenia
was defined as a T-score between —1.0 and —2.5 [21]. The
interval between BMD measurement and the sleep study
was within two weeks.

BTMs

We collected levels of bone-specific alkaline phos-
phatase (BALP), tartrate-resistant acid phosphatase
5b (TRAP5b), osteocalcin (OCN), total procollagen I
N-terminal propeptide (TPINP), and p-cross-linked
C-terminal telopeptide of type I collagen (B-CTX). Intact
parathyroid hormone (iPTH) levels were also included
considering their impact on calcium and phosphorus
metabolism. Sixty-four participants completed BALP and
TRAP5b assessments and 201 participants completed
the evaluation of OCN, TPINP, and B-CTX. The bone
resorption marker tartrate-resistant acid phosphatase 5b
(TRAP-5b) was measured using enzyme-linked immuno-
sorbent assay, and the bone formation marker BALP was
measured using enzyme immunoassay (EIA). TP1ND,
B-CTX, and iPTH were assessed using electrochemilumi-
nescence immunoassay (Roche, Basel, Switzerland). All
procedures were performed by a professional laboratory
staff following the manufacturer’s instructions.

Statistical analysis

Continuous variables are presented as means + standard
deviation (SD) and categorical variables are presented as
percentages. Analysis of variance was used to compare
the variables between the groups, while the Chi-square
test was used to analyse categorical variables among
the groups. The relationships among OSA data, BMD

Page 3 of 11

measurements, and BTMs were estimated using Pear-
son’s correlation coefficients. Post hoc analysis (least
significant difference, LSD) was used to compare BMD
between different OSA groups. Multiple linear regres-
sion analysis was performed to analyze the association
between femoral and lumbar T-scores (dependent varia-
bles) and age, sex, BMI, REI, MSaO2, LSa02, or T-scores
at different sites. All statistical results were significant
when the P-value <0.05 (two-tailed).

Statistical Package for the Social Sciences (version 20.0)
for Windows (SPSS Inc. IBM, Armonk, NY, USA) was
used for data analyses.

Results

Two hundred and sixty participants aged 60 and above
(60-94 vyears, 71.3+8.5 years) were enrolled in this
study and they were divided into four groups based on
REI (control, #=35; mild OSA, n=106; moderate OSA,
n=65; severe OSA, n=54). The data of the entire study
population are summarised in Table 1. Among the total
participants, 56.2% were male and 43.8% were female.
According to the sleep study data, 86.5% of patients had
an REI of >5 times/hour. A comparison between patients
with different REIs revealed a higher proportion of men
and a higher BMI in the group as the REI increased. No
differences were observed regarding smoking, alcohol
consumption, diabetes, and hypertension. The trend test
results showed that REI grouping had a significant nega-
tive trend towards osteoporosis in all participants (P for
trend=0.038) and in women (P for trend=0.019), but
not in men (P for trend > 0.05).

The mean BMDs, T-scores, and prevalence of osteo-
porosis in participants with different REIs are shown in
Table 2. Patients with OSA had a higher BMD at the first
lumbar vertebra (P<0.05), left femur (P<0.05), and right
femur (P<0.001). The same trends were observed in the
T-scores of the first lumbar vertebra and right femoral
site. Post hoc analyses showed significant differences in
L1 BMD between moderate OSA and control groups,
as well as between the mild OSA and moderate OSA
groups. The moderate OSA and severe OSA groups dif-
fered in left femur BMD and right femur BMD (Fig. 1). L1
BMD data for men and women are also presented sepa-
rately in Table 2. As only a few subjects had bone metab-
olism markers measured, we combined subgroups of the
control and mild OSA groups into a CON group, while
moderate and severe OSA groups were combined into a
moderate-to-severe (MTS) group. Levels of OCN in the
CON group were higher than thosein the MTS group,
while B-CTX showed a tendency to differ but was not
statistically significant (Table 2).
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Table 1 Demographic and polygraphic data for the entire study group
Control (n=35) Mild OSA (n=106) Moderate OSA (n=65) Severe OSA (n=54) P

Age(year) 71.66+8.17 70.50+8.60 71.00£8.35 72.78+8.88 0.445
Male(n, %) 17 (48.6) 51(48.1) 42 (64.6) 36 (66.7) 0.048"
BMi(kg/m?) 24.23+£325 2456+3.17 25.81+3.51 26.20+£4.15 0.006"
Smoking(n,%) 5(14.3) 22 (20.8) 17 (26.2) 10 (18.5) 0.532
Alcohol(n,%) 7 (20) 20(18.9) 14 (21.5) 12(22.2) 0.963
Diabetes(n, %) 16 (45.7) 49 (46.2) 39 (60) 26 (48.1) 0.296
HT(n,%) 19 (54.3) 62 (58.5) 40 (61.5) 38 (70.4) 0.400
Ca(n,%) 12(34.2) 24(22.6) 17 (26.2) 14 (25.9) 0.599
VitD(n, %) 13(37.1) 25(23.6) 16 (24.6) 14 (25.9) 0452
REI(n/h) 421+£4.00 9.50+3.12 2195+5.72 34.57+13.02 <0.001*
AHI(n/h) 267+1.0(n=3) 11.20+£190 (n=11) 24.06+7.67 (n=25) 51.77+14.11 (n=36) <0.001*
OAI(n/h) 1.114+1.38 2.78+1.88 6.20+3.36 10.71+£7.19 <0.001*
CAl(n/h) 045+0.54 2.09£1.01 1.50+15 2.61+£3.87 0.535
ODl4(n/h) 6.31+1492 8.18+9.00 17.85+6.89 2945+16.04 <0.001*
MSaO,(%) 9351+£1.69 92.54+8.56 93.19+1.46 9291+2.01 0.800
LSa0,(%) 83.7+3.62 85.21+3.39 81.88+6.42 84.00+4.44 0.920

The P-values given in the table refer to the analysis of variance (ANOVA) or Chi-square differences between the subjects with different REls. Statistically significant

ANOVA or Chi-square differences with and without OSA

REl respiratory event index, BMI body mass index, HT hypertension, AHI apnea-hypopnea index, OAl obstructive apnea index, CAl central apnea index, OD/
oxyhaemoglobin desaturation index, MSaO, mean nocturnal oxygen saturation, LSaO, lowest nocturnal oxygen saturation

"P<0.05
#P<0.01

In bivariate analysis (Table 3), the LSaO2 was posi-
tively correlated with BMD of the first lumbar vertebra
(r=0.214, p=0.046). REI was positively correlated with
BMD at the first lumbar vertebra (r=0.181, p=0.006),
left femoral (r=0.160, p=0.014), and right femoral
(r=0.243, p<0.001) sites. MSaO, was negatively cor-
related with BALP (r=-0.358, p=0.004). A particularly
closely relationship between BMI and bone density was
revealed. So in subsequent analyses, we adjusted for the
effect of BMI and analysed the population in subgroups
according to their BMI(< 24 kg/m? or > 24 kg/m?) [22].

In participants with BMI of>24 kg/m? (N=164), we
analysed the correlation between BMIs, data of OSA
and BMD, and T-scores at different sites. BMI was posi-
tively correlated with the left femoral T-score (r=0.159,
p=0.043). The REI was also positively correlated with
the BMD at the right femoral site (r=0.175, p=0.036)
and the right femoral T-score (r=0.168, p=0.044). In
bone metabolism, MSaO, was negatively correlated with
BALP (r=-0.331, p=0.034). In participants with a BMI
of <24 kg/m? (n1=96), the correlation between the REI
and BMD at the left femoral (r=0.251, p=0.019) and
right femoral sites (r=0.258, p=0.018) remaintabled.
MSaO, was positively correlated with TRAP5b levels
(r=0.560, p=0.007).

Multiple regression analysis was performed to exam-
ine the independent relationship between the REI and

osteoporosis as well as the T-score at the femoral and
lumbar sites after adjusting for confounding factors,
including age, sex, BMI, hypertension, and smoking.
Within the overall population, a significant relationship
was found between BMI and osteoporosis when BMI
(<24 or>24 kg/m?), OSA (divided into four groups by
REI), and osteoporosis (yes or no) were used as categori-
cal data. No significant correlation was found between
OSA and osteoporosis after adjusting these factors in the
overall population and in patients with a BMI of > 24 kg/
m?. In the group with BMI of <24 kg/m? OSA was sig-
nificantly associated with osteoporosis (p=0.034; 95%
confidence interval (CI) 0.092-0.010, odds ratio (OR)
0.092). We also conducted multiple linear regressions
for T-scores at lumbar and femoral sites (continuous
dependent variables), incorporating age, sex, BMI, REI,
MSa02, and LSaO, in the overall population and in pop-
ulations with different BMIs (BMI < 24 kg/m? or> 24 kg/
m?). A significant correlation was observed between the
REIs and T-scores at different lumber and femur sites
(Table 4). The REI was significantly associated with the
T-scores at the L1, L3, L4, L1-1L4, left femoral, and right
femoral sites in total participants. REI was significantly
related to T-scores at the L1, L4, left femoral, and right
femoral sites in the group with a BMI of<24 kg/m? In
the group with a BMI of > 24 kg/m?, no significant asso-
ciation was found between the REI and T-scores at
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Table 2 Comparison of bone mineral densities and bone metabolic indicators in participants with different respiratory event indices

Control
(n=35)
L1 BMD (g/cm?) 0.94+0.18
L1 T-score -0.77+1.57
L2 BMD (g/cm?) 1.03+0.23
L2 T-score -0.59+1.94
L3 BMD (g/cm?) 1.12+0.28
L3 T-score -0.17+242
L4 BMD (g/cm?)  1.14+0.28
L4 T-score 0.13+244
Total LBMD (9/ 1.07+0.23
cm?)
Total LT-score  —031+204
Left FBMD (g/ 0.86+0.18
cm?)
Left F T-score -1.00£1.33
Right FBMD (g/ 0.84+0.18
cm?)
Right FT-score  —1.11+1.31
Osteoporosis(n, 11 (31.4)
%)
BALP 701+1.61
(n=4)
TRAP5b 2.80+0.54
(n=4)
TPINP 58.10+2435
(n=29)
B-CTX 0.54+0.31
(n=29)
OCN 16.97£6.65
(n=29)
iPTH 39.89+£13.96
(n=29)

Comparison of BTMs in different group based on REI

CON group

Mild OSA
(n=106)

0.97£0.18
-0.54+159
1.05+0.22
-044+1.87
1.16+0.24
0.13£2.07
1.17£0.24
0.30+£2.68
1.10+£0.21

-004+1.84
0.89+0.14

-0.77+1.01
0.88+0.14

-0.79+1.03
24(22.6)

9.69+3.56
(n=17)

356+1.11
(n=17)
56.84+23.51
(n=86)
0.54+0.28
(n=86)
16.67+7.58
(n=86)
36.96+14.10
(n=86)

(control and mild OSA)

Moderate OSA
(n=65)

1.06£0.22
0.18+1.86
1.12+0.28
0.14£2.54
1.38+0.27
0.82£2.19
1.24+0.26
1.02+2.23
1.17£0.23

0.56+2.00
0.95+£0.18

-0.29+1.36
0.98+0.23

-0.07+1.73
12(18.5)

9.70+228 (n=17)
340+085(n=17)
53.84+25.87 (n=52)
046+0.21 (n=52)
14.57+5.80 (n=52)

38.71+£18.86 (n=52)

MTS group

(moderate-to- severe OSA)

9.67+3.12 (n=43)
3.60£0.90 (n=43)
51.80+23.09 (n=86)
047+021 (n=86)
14.54£6.35 (n=86)
40.26+20.71 (n=86)

Severe OSA
(n=54)

1.03£0.23
—0.10+£1.95
1.06+0.27
-0.06+2.07
1.17£0.28
0.38£2.37
1.18+0.28
0.63£2.34
1.11£027

0.27£2.11
0.93£0.16

-0.54+1.08
0.97£0.20

-0.19+1.56
12(22.2)

10.32+4.17 (n=26)

3.71+0.88 (n=26)

48.71£19.75 (n=34)

049+0.23 (n=34)

1460+7.21 (n=34)

43.75+22.35 (n=35)

Comparison of bone mineral densities and bone metabolic indicators in men with different respiratory event indices

BALP 10.00+4.14(n=21)

TRAP5b 341+£1.00 (n=21)

TPINP 56.67+23.94 (n=115)

B-CTX 0.54+0.29 (h=115)

OCN 16.68+739 (n=115)

iPTH 37.67+13.94 (n=115)
Control Mild OSA
(n=17) (n=51)

L1 BMD (g/cmz) 1.06+£0.14 1.05+£0.20

L1 T-score 027+1.20 0.13+1.74

L2 BMD (g/cmz) 1.19+0.16 115022

L2 T-score 0.74+1.43 042+1.90

L3 BMD (g/cm?) 1304024 1.25+0.24

L3 T-score 1.52+2.07 1.12+£205

L4 BMD (g/cm?)  130+0.28 1274025

L4 T-score 1.64+2.37 141210

Moderate OSA
(n=42)

1.14+0.21
0.93+176
1.24+0.22
122+1.78
1.56+0.55
1.71+2.00
1.32+0.25
1.86+2.07

Severe OSA
(n=36)

1.09+0.22
0.35+20

1.12+0.29
0.56+2.08
1.23+£0.27
1.05+234
1.25+0.26
1.28+223

P

0.012
0.029
0.276
0.092t
0.132
0.132%
0.702
0.161t
0.122

0.140%
0.011

0.053t
<0.001

0.004+
0.544

0375

0.291

0.320

0.293

0.191

0.269

0.724
0462
0.149
0.050
0.034*
0319

0.155
0.186t
0.130
0.2201
0.292
0458t
0.605
0.665t
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Table 2 (continued)

Total LBMD (g/  1.22+0.19 119021 126+022 1174028 0328

cm®)

Total L T-score 1.10£1.65 0.84+1.84 140+1.81 0.85+2.04 0475t

Left F BMD (g/ 097+0.14 095+0.13 1.02+0.18 0.97+0.149 0.129

cm?)

Left F T-score -0.15+£1.03 -0.34+£0.952 0.19+1.35 -030+£1.013 0.112t

Right FBMD (g/ 0.95+0.14 095+0.11 1.07+0.22 096+0.13 0.003

cm?)

Right F T-score -0.34+1.05 -0.33+0.82 061+1.72 —0.22+0.98 0.003t

Osteoporosis(n, 1(5.9) 5(9.8) 3(7.1) 6(16.7) 0.580

%)

BALP 6.74+1.86 9.50+3.60 (n=12) 10.05+4.61 (n=14) 10.04+£4.61 0.562
(n=3) (n=19)

TRAP5b 254+0.13 357+£1.25(n=12) 337+1.00 (n=14) 348+0.74 0402
(n=3) (n=19)

TP1NP 46.89+14.87 4849+17.56 (n=39) 4764+18.78 (n=32) 44.29+16.30 0.807
(n=13) (n=24)

B-CTX 043+0.28 045+0.21 (h=39) 0414020 (h=32) 0.45+0.20 03815
(n=13) (n=24)

OCN 13.62+3.87 12874553 (n=39) 1246+4.14 (n=32) 12.89+6.07 0.923
(n=13) (n=24)

iPTH 373141242 3581+1447 (n=39) 34.05+1431(n=32) 425242205 0.253
(n=13) (n=24)

Comparison of bone mineral densities and bone metabolic indicators in women with different respiratory event indices
Control Mild OSA Moderate OSA Severe OSA P
(n=18) (n=55) (n=23) (n=18)

L1 BMD (g/cmz) 0.83+0.16 0.89+0.13 090+0.16 091+0.20 0408

L1 T-score -1.76+£1.23 -1.19+£1.12 -1.15+£1.23 -1.04+£151 02821

L2 BMD (g/cmz) 0.90+0.19 0.96+0.17 091+0.24 0.95+0.20 0522

L2 T-score -1.86+147 —-1.25+147 —-1.79+£257 —126+144 04261

L3 BMD (g/cmz) 095+0.18 1.07+0.21 1.05+0.18 1.03+0.24 0.185

L3 T-score -1.76+1.48 -0.79+£1.63 —-081+146 094+1.87 0.1631

L4 BMD (g/cmz) 1.00+0.19 1.09+0.20 1.08+0.21 1.06+0.28 0517

L4 T-score —-1.22+157 -0.75+2.76 —048+1.66 —-0.59+2.07 0.7631

Total LBMD (g/ 0.92+0.17 1.01+0.17 1.02+0.16 1.00+0.23 0317

cm®)

Total L T-score -1.63+£141 -0.88+141 —094+1.36 095+1.74 0291+

Left F BMD (g/ 0.74+0.14 0.82+0.12 0.82+0.11 0.84+0.14 0.075

cm?)

Left F T-score -1.8+1.07 -1.17+£0.90 -1.17+£0.86 -1.04+1.06 0.062t

Right FBMD (g/ 0.74+0.15 0.82+0.13 0.82+0.13 0.96+0.31 0.004

cm?)

Right F T-score —-1.79+£1.15 -1.18+1.03 —1.22+0.96 —0.13+2.34 0.005t

Osteoporosis(n, 10 (55.6) 19 (34.5) 9(39.1) 6(33.3) 0.447

%)

BALP 784 (n=1) 10.16+3.83 (n=5) 9.04+2.24 (n=5) 11.51+£5.12 0.664

(n=13)
TRAP5b 359(n=1) 3.52+0.75(n=5) 3.10+£0.68 (n=5) 416+£1.07 0.195
(n=13)

TP1NP 66.96+26.23 64.29+25.65 (n=48) 64.87+34.17 (n=22) 57.64+23.40 0.849
(n=17) (n=11)

B-CTX 0.62+0.31 0.61+0.31(n=48) 0524022 (n=22) 0.57+0.28 0.629
(n=17) (n=11)

OCN 1937717 19.85+7.57 (n=48) 17.64+7.20(n=22) 18.22+8.09 0.684

(n=17)

(n=11)
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Table 2 (continued)
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iPTH 40.38+14.91

(n=17)

37.88+13.72 (n=48)

4036+17.66
(n=11)

44.57+23.94 (n=22) 0.513

The P-values given in the table refer to the analysis of variance (ANOVA) or Chi-square differences between the subjects with different REls. Statistically significant

ANOVA or Chi-square differences with and without OSA

BMD bone mineral density, OSA obstructive sleep apnea, BALP bone specific alkaline phosphatase, TRAP5b tartrate-resistant acid phosphatase 5b, TPTNP total
procollagen | N-terminal propeptide, 3-CTX B-cross-linked C-terminal telopeptide of type | collagen, OCN osteocalcin, iPTH intact parathyroid hormone

" P<0.05
#P<0.001

 non-parametric test

=== Control

Mild OSA
Moderate OSA
Severe OSA
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Fig. 1 Comparison of bone mineral densities in the different obstructive sleep apnea groups. A whole participents; B men, C women. P<0.05,

BMD, bone mineral density; OSA, obstructive sleep apnea

different sites. BMI was associated with the left femo-
ral T-score in the total population (OR=0.096, 95%CI
0.005-0.188, p=0.039). No significant relationship was
found between femoral and lumbar T-scores with ODI4,
MSaO, and LSa0,,.

Discussion

The association between OSA and osteoporosis remains
controversial and warrants further investigation. This
study aimed to explore the correlation among OSA,
hypoxemia, BMD, BTM, and the risk of osteoporo-
sis in older adults. The results showed that the BMD of

lumbar and femoral in patients with OSA were signifi-
cantly higher than those of the control group, and with
an increase in REI, which represented the severity of
OSA, the lumbar and femoral bone densities and T-val-
ues tended to increase. Post hoc analyses and trend test-
ing demonstrated similar results. Patients with moderate
OSA tend to have the highest BMD, especially in femur.
The correlation between OSA and femoral bone density
was significant in both male and female older individu-
als. Multiple regression analysis revealed similar results.
These observations are consistent with the findings of a
large-sample study by Sforza et al. [12, 13], which showed
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Table 3 Pearson correlation coefficients of BMI, bone
metabolism, and nocturnal intermittent hypoxemia data in total
participants

BMI REI MSa0, LSao,
L1BMD 0.226* 0.181% 0.023 0.214"
L2 BMD 0.159" 0.029 0013 0.170
L3 BMD 0.060 0078 -0.008 0.180
L4 BMD 0.171% 0.081 0.025 0.105
L1-L4 BMD 0.226" 0.117 0014 0.136
Left femoral BMD 0.309% 0.160" -0.076 0.101
Right femoral BMD 0.273* 0.243" —-0.075 0.054
OCN —0.203* -0.081 0.060 0.184
BALP 0.248" ~0.002 —0.358* 0.081

BMI body mass index, RE/ respiratory event index, MSaO, mean nocturnal
oxygen saturation, LSaO, lowest nocturnal oxygen saturation, BMD bone
mineral density, BALP bone specific alkaline phosphatase, OCN osteocalcin

" P<0.05,*P<0.001

Table 4 Multiple regression analysis of the relationship
between REl and T-scores at lumbar vertebra and femoral site in
total population and in the subgroup with a body mass index
of < 24 kg/m?

Site Coefficient 95% Cl P
Total population
L1 T-score 0.054 0.009-0.098 0.019
L3 T-score 0.055 0.001-0.109 0.045
L4 T-score 0.060 0.008-0.111 0.026
L1-L4 T-score 0.054 0.004-0.104 0.033
Left femoral T-score 0.027 0.002-0.052 0.035
Right femoral T-score 0.029 0.003-0.055 0.032
Group with a BMI of < 24 kg/m?
L1 T-score 0.161 0.017-0.303 0.031
L4 T-score 0.207 0.053-0.362 0.011
Left femoral T-score 0.116 0.047-0.184 0.002
Right femoral T-score 0.115 0.044-0.186 0.003

BMI Body mass index, 95% Cl 95% confidence interval

significant differences in L1 BMD between moderate
OSA and control groups, as well as between the mild
OSA and moderate OSA groups. The moderate OSA
and severe OSA groups also differed in left femur BMD
and right femur BMD. Many studies have shown that
oxidative stress can affect the process of bone metabo-
lism involving the expression of receptor activator for
nuclear factor-k b ligand (RANKL) and osteoprotegerin
(OPQG) [23, 24], the cytochrome c (Cyto-c) and thiore-
doxin (Trx)-apoptosis signal regulated kinase 1 (ASK1)
-c-Jun N-terminal kinase (JNK) pathway [25]. But anti-
oxidant supplementation did not prevent or treat osteo-
porosis as expected which, combining with the results of
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this study, suggests a complex role for oxidative stress in
bone metabolism. Moderate OSA patients tend to have
highest BMD compared to the other groups possibly sug-
gesting that different levels of oxidative stress have differ-
ing effects on BMD. Appropriate levels of oxidative stress
may be beneficial in maintaining BMD. Meanwhile, many
studies have found that OSA is associated with low bone
density [7, 8]. After reviewing the mechanisms by which
OSA may influence bone metabolism [11], we hypoth-
esise that this contradictory result may be related to the
differences in study populations (young, middle-aged,
and older individuals), BMI, and gender. To address this
issue, we conducted subgroup analyses and observed
a possitive association between OSA and BMD in both
male and female older adults. However, this correlation
was not present in those with a BMI > 24 kg/m?, suggest-
ing the important role of BMI in the correlation between
OSA and BMD in an older population. However, these
results still need to be confirmed by larger prospective
studies and the mechanisms deserve further exploration.

Gender and BMI is strongly associated with osteoporo-
sis [28-31], and low body weight is an independent risk
factor for osteoporosis [32, 33]. In the current study, BMI
had a close relationship with BMD at the lumbar verte-
bra and femoral site. According to the results of a large-
scale epidemiological survey conducted in China [22],
the Chinese population with a BMI of >24 kg/m? has a
significantly increased risk of related diseases. Therefore,
we conducted subgroups analyses for patients with a BMI
of >24 kg/m? or higher. In men and women, OSA corre-
lates consistently with BMD. However, the relationship
between OSA and BMD was slightly distinct in people
with different BMI. In participants with a BMI of > 24 kg/
m?, correlation between REI and BMD disappears while
in whole participants and these with BMI of < 24 kg/m?
It is suggested that in the elderly population, weight is
closely related to BMD, and the role of OSA and oxida-
tive stress is attenuated in those with a BMI > 24 kg/m?
BMI may be one of the reasons for the current incon-
sistency in the correlation between OSA and BMD and
should be taken into consideration. Further there may be
a role for nutrition in the prevention of osteoporosis in
the older population.

Futhermore, bone metabolism is associated with OSA-
related pathogenic factors, such as nocturnal intermittent
hypoxemia, fragmented sleep, and sympathetic activa-
tion. The incidence of OSA also shows an increasing
trend with age [29]. However, OSA in the older popula-
tion has different characteristics from those in the mid-
dle-aged and young populations. Older adults experience
muscle relaxation, increased fat accumulation around
the upper airway, reduced airway diameter, and wors-
ened upper airway collapse [20, 34]. In addition, they may
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experience reduced lung function and decreased dia-
phragmatic contractions, which may worsen nocturnal
hypoxemia [35]. Sleep disorders are more severe in older
patients than in middle-aged or young patients with OSA
[34]. As age increases, bone resorption is enhanced and
its formation decreases, leading to osteoporosis. Altera-
tions in hormonal and biochemical factors with age are
also involved [36]. These characteristics may partially
explain the difference in the correlation between OSA
and BMD in older adults compared to middle-aged and
young populations. It should be noted that although this
study observed an association between OSA and higher
BMD, this does not imply a protective effect of OSA on
osteoporosis. The association suggests that some OSA-
related pathological mechanisms, such as oxidative stress,
may affect the process of bone metabolism. Exploring the
development of osteoporosis from the perspective of oxi-
dative stress may provide valuable insights for its preven-
tion and treatment. Considering the effects of OSA on
multiple organs throughout the body, it should be treated
and diagnosed aggressively.

In this study, we also analysed changes in bone metabo-
lism markers; however, the sample size was small, and the
analyses revealed no significant differences in other data
for study participants with missing information. Hence,
we combined subgroups due to the small sample result-
ing from missing data. OCN level was found to be lower
in patients with moderate and severe OSA. In the cur-
rent study, MSaO, was negatively correlated with BALP.
BALP is produced by osteoblasts, and its production is
positively correlated with the bone formation rate [37]
and currently used as a marker for bone formation. On
the other hand, MSaO, was positively correlated with
TRAPS5b in those with a BMI of <24 kg/m? TRAP5b is
secreted by osteoclasts and is a marker of osteoclastic
activity and an indicator of bone resorption [38]. The
MSaO, was found to be significantly associated with
osteocalcin levels and femoral neck BMD [8]. However,
this correlation is inconsistent with the results of the pre-
sent study. Given the small sample size of this study and
the lack of significant differences in MSaO, between dif-
ferent subgroups, the above results may only suggest that
nocturnal blood oxygen levels are involved in the regu-
lation of bone metabolism. Bone formation may be pro-
moted during in the process of hypoxemia in older adults
with a BMI of >24 kg/m?, and in the population with a
BMI of<24 kg/m? bone absorption may be inhibited
with higher REIL This correlation may partially explain
the positive relationship between OSA and BMD [39].

This study had some limitations that should be
acknowledged. First, this was a retrospective cross-
sectional study based on hospital patients, and all
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participants completed sleep and bone metabolism meas-
urements within two weeks. Although OSA was found to
be statistically associated with BMD, a causal relationship
cannot be established. Prospective cohort studies that
account for factors related to CPAP may help to explain
the causal relationship between OSA and BMD, par-
ticularly with follow-up studies start from middle-aged
population. Additionally, the results cannot be general-
ised to all older or middle-aged populations in the com-
munity. This study included an older cohort with stable
control of chronic diseases. The prevalence of hyperten-
sion and diabetes mellitus in this study was higher than
that reported in epidemiological data [26, 27], primarily
because the data were obtained from a hospital setting.
It is important to consider the correlation between OSA
and osteoporosis in older individuals attending hospitals.
Some participants had missing data for bone metabolism
markers; therefore, the correlation between bone metab-
olism markers and hypoxemia requires further confirma-
tion. Third, although HSCT has high accuracy for OSA
[40], the use of REI instead of AHI may reduce the accu-
racy of sleep apnea testing. Meanwhile, we lacked data
on the sleep structure and duration of the participants.
Previous studies have suggested that long sleep duration
may be associated with a higher risk of osteoporosis [41,
42]. Data on the correlation between sleep structure and
osteoporosis warrants further exploration based on PSG
results.

In conclusion, this study evaluated the association
between OSA and BMD and analysed the influenc-
ing factors, including BMI, hypertension, diabetes, and
BTM. OSA was closely correlated with T-score and
BMD in the femur especially in older population with a
BMI < 24 kg/m?. Nocturnal hypoxemia is associated with
different markers of bone metabolism including BALP
and TRAP5b. BMI is an important factor for study of
osteoporosis in older adults. These findings could help
develop new strategies for improving the management
and treatment of osteoporosis. Large-scale prospective
cohort studies are needed to clarify the causal relation-
ship between OSA and osteoporosis, further to provide
new perspectives for the prevention and treatment of
osteoporosis and OSA in the older population.
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