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Abstract: Objective: To profile the lipid metabolic disturbances in patients with postmenopausal osteoporosis (PMOP)
based on untargeted lipidomics, and investigate the pathogenesis of lipid metabolism disorder in PMOP. Methods:
Patients were selected from orthopedics clinic of the Second Affiliated Hospital of Xinjiang Medical University
from October 2018 to April 2019. Dual energy X-ray absorptiometry (DXA) was used to measure the bone mineral
density (BMD). A total of 147 natural menopause women were scanned with DXA, including 55 in the normal group
and 36 in PMOP group. Lipidomic analysis was performed by liquid chromatography-mass spectrometry (LC-MS)
technique. Differential metabolites were analyzed for pathway enrichments and the correlation with BMDs. Results:
Phosphatidylcholine (PC) (18:0/20:4), Triglyceride (TG) (16:0/10:0/20:4), Cardiolipin (CL) (19:0/18:2/20:0/22:6),
CL (75:4), PC (36:5), and TG (54:4) expressions were significantly increased in PMOP patients, while PC (36: 2), CL
(22:3/18:0/18:0/20:4), Lyso-phosphatidylcholine (LPC) (18:1), and Sphingomyelin (SM) (d16:0/18:1) expressions
were reduced. Choline metabolic pathway, glycerophospholipid metabolic pathway, retrograde endogenous can-
nabinoid signal pathway, linoleic acid metabolic pathway, a-linolenic acid metabolic pathway and arachidonic acid
metabolic pathway were involved. PC (18:0/20:4), TG (16:0/10:0/20:4), and PC (36:5) were negatively correlated
with BMDs; while PC (36:2), LPC (18:1), and SM (d16:0/18:1) were positively correlated. Conclusion: There is a
significant difference in plasma lipid composition between PMOP patients and normal patients. Disorders of lipid
metabolism may be related to the pathogenesis of PMOP. Lipidomic analysis may provide a theoretical basis for
early diagnosis, prevention and treatment of PMOP.

Keywords: Menopause, osteoporosis, plasma, non-targeted lipidome, differential lipid metabolites, pathway of
lipid metabolites, BMD

Introduction

Postmenopausal osteoporosis (PMOP) is a
common disease in postmenopausal women
with an incidence of as high as 20~50%. Its
main pathological features are characterized
by reduced bone mass, degeneration of bone
tissue microstructure and increased bone fra-
gility, which are easy to cause pathological
bone quality. It has become a social problem
that seriously threatens the quality of life and
physical health of middle-aged and elderly
women [1, 2]. Studies have found that PMOP is
closely related to changes in plasma high-den-
sity lipoprotein cholesterol (HDLC) levels [3],
suggesting that phosphate metabolism disor-
ders may have a certain relationship with the
incidence of PMOP. Lipids serve as structural

components of cell membranes and primarily
function as energy storehouses. Lipids are
involved in various physiological processes su-
ch as growth and development, nerve signal
transduction, and the disorder of lipid metabo-
lism is related to the occurrence and develop-
ment of various diseases [4, 5]. Therefore, the
analysis and research on the regulation of lipid
metabolism and biological functions in vivo are
of great significance for the discovery of poten-
tial biomarkers of diseases. Lipidomics is a new
method to study the characteristics of lipid mol-
ecules in vivo. We used liquid chromatography-
mass spectrometry (LC-MS) [6] to perform non-
targeted lipidomic analysis on serum samples
of naturally menopausal women for exploring
the characteristics of lipid metabolism in pa-
tients with PMOP, to explore the pathogenesis
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of lipid metabolic disorders in PMOP, and to
provide theoretical basis for early diagnosis,
prevention and treatment of PMOP.

Materials and methods
Patient samples

The patients were selected from orthopaedics
clinic of the Second Affiliated Hospital of
Xinjiang Medical University from October 2018
to April 2019. A total of 147 natural menopause
women were scanned with DXA [7], aged 45 to
72 (57.51 + 4.59) years. Osteoporosis was di-
agnosed according to the World Health Or-
ganization diagnostic criteria for osteoporosis
[8]. The T value > -1.0 was defined as the nor-
mal bone mass group, and the T value <-2.5 is
the osteoporosis group. Inclusion criteria: (1)
female; (ll) natural menopause for more than 1
year; (lll) age < 75 years old. Exclusion criteria:
(I) patients received alendronate, teriparatide,
raloxifene, strontium ranelate, estrogen, vita-
min D, calcium, lipid-lowering drugs, and gluco-
corticoids within 12 months; patients received
bone metabolic drugs; (ll) patients with diabe-
tes, hyperthyroidism, liver or kidney dysfunc-
tion, hypercortisolism, bone tumors, gastroin-
testinal diseases and other diseases; (lll)
patients with malignant tumors and other seri-
ous diseases; (IV) patients with bad habits
such as alcoholism and smoking; (V) patients
with scoliosis, thoracic kyphosis, degenerative
hyperplasia of the vertebral body, compression
fractures of spinal trauma; (VI) patients with
history of fracture surgery; (VII) patients who
had received radiation therapy. This study fol-
lowed the Helsinki Declaration and was app-
roved by the Ethics Committee of the Second
Affiliated Hospital of Xinjiang Medical University.
All subjects signed informed consent form.

Main reagents and instruments

Acetonitrile and isopropanol (chromatography
pure, Merck, Germany), methanol (chromatog-
raphy pure, Thermo Fisher, America), bone den-
sity measuring instrument DPX-MD (Hologic,
USA), vortex oscillator TYXH-1 (Shanghai Khan-
Nuo, China), high-speed freezing centrifuge
TGL-16MS (Shanghai Luxiang, China), multi-
sample tissue grinding Tissuelyser-48 (Shang-
hai Jingxin, China), high-resolution mass spec-
trometer Q Exactive (Thermo Fisher, America),
high-performance liquid chromatograph Nexera
UPLC (Shimadzu, Japan), chromatography col-
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umn ACQUITY UPLC BEH C18 (100 x 2.1 mm,
1.7 um) (Waters, American).

Bone mineral density (BMD)

All subjects were scanned with DXA under rest-
ing conditions. Lumbar spine (L,-L,), left femo-
ral neck and total hip BMD and T value were
measured in all subjects by DXA. The evalua-
tion was performed by professionally trained
personnel who had been professionally trained
and worked for more than 5 years. The subjects
lied on their back in a supine position, and the
instrument was calibrated before each mea-
surement. Two measurements were performed
and the average value was taken to analyze the
results.

Collection and preparation of the serum
samples

Venous blood samples (2-5 ml) were obtained
from each subject early in the morning after
overnight fasting, which were anticoagulated
with sodium heparin and stored at room tem-
perature for 30 minutes. The supernatant was
aliquated and stored at -80°C. Upon thawing,
100 yL of plasma was taken and mixed with
300 pL isopropanol, then vortexed for 30 sec-
onds. The sample was extracted with ultrasoni-
cation for 10 min and left to stand for 30 min at
-20°C. Then the mixture was centrifuged at
1200 rpm for 1 min at 4°C. Then, 300 uL super-
natant was taken and put into centrifuge tube
and added with 200 pL Isopropanol, vortexed
for 30 s. After that, ultrasonic extraction in ice
water bath was performed for 10 min. It was
then reconstituted with ultrasound for 3 min
and centrifuged at 4°C at 12000 rpm for 10
min. Finally, 150 uL of supernatant was taken
and put into the injection vial with liner for
LC-MS analysis. Quality control (QC) samples
were prepared and mixed with 10 ul of all the
samples, which were used to evaluate the sta-
bility of the mass spectrometry platform of the
experimental process system.

Lipidomics analysis of serum samples

The ACQUITY UPLC chromatography platform
was used for sample separation, and the Q
Exactive mass spectrometry system was used
to perform qualitative and quantitative analysis
of lipid in plasma samples.

The chromatographic conditions: chromatogra-
phy column ACQUITY UPLC BEH C18 (100 mm
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Table 1. Comparison of BMD in different parts of normal bone

mass group and osteoporosis group (g/cm?)

analysis of different lipid metab-
olites was carried out, and the

Lumbar left femoral
spine (L,-L,) neck

Position

signal pathway satisfying the
total hip threshold of P < 0.05 was re-

normal bone mass group 55 0.982+0.13 0.899+0.12 0.955+0.14
36 0.894+0.12 0.825+0.12 0.857+0.11
tvalue -4.247 -3.715
P value 0.000 0.000

osteoporosis group

garded as the signal pathway
with significant enrichment. Pe-
arson correlation analysis was
carried out to analyze the corre-
lation between different lipid

-4.954
0.000

x 2.1 mm, 1.7 uym). Mobile phase A: acetoni-
trile-water (60:40, V/V, containing 10 mmol/L
ammonium formate, 0.1% formic acid); mobile
phase B: isopropanol-acetonitrile (90:10, V/V,
containing 10 mmol/L Ammonium formate,
0.1% formic acid). Linear gradient elution condi-
tions: 0-1.5 min, 32% B; 1.5-18.5 min, 32-97%
B; 18.5-22 min, 97% B. Before each injection,
the column was equilibrated in the initial mobile
phase for 5 min. The column temperature was
45°C, the injection volume was 5 pL, and the
flow rate was 0.35 mL/min.

The MS conditions: the use of heated electro-
spray ionization (HESI) positive and negative
ion scanning mode. Heater temperature 300°C,
sheath gas flow 45 arb, auxiliary gas flow 15
arb, sweep gas flow 1 arb, spray voltage 3.5 KV,
capillary temperature 320°C, S-Lens RF level
50%, MS1 scanning range: 120-1800 Da. 10
debris maps (MS2 SCAN, HCD) were collected
per scan. The resolution of MS1 at M/Z 200
was 70,000, and the resolution of MS2 at M/Z
200 was 17,500.

Data processing

Using Lipid Search software (Thermo Fisher,
USA) to extract, identify the LC-MS detection
data and align the peaks, which were merged
into a two-dimensional matrix. MetaboAnalyst
4.0 software was used for statistical analysis
and metabolic pathway enrichment analysis.
Using principle component analysis (PCA) and
orthogonal-partial least squares-discriminant
analysis (OPLS-DA) to conduct multivariate sta-
tistical analysis. T-test and fold change analysis
were used to compare differences between
groups. OPLS-DA model variable weight value
(VIP) > 1 and t test P value < 0.05 were used to
screen differential lipid metabolites. VIP was
used to measure the response strength of each
metabolite expression, and T test was used to
verify whether the differences in metabolites
were significant. Based on KEGG (https://www.
kegg.jp/) database, the pathway enrichment
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metabolites and BMD in osteo-
porosis patients, and P < 0.05 was considered
to be correlated.

Result
BMD determinations

Dual energy X-ray absorptiometry (DXA) was
used to measure bone mineral density (BMD) in
lumbar vertebrae (L,-L,), left femoral neck and
total hip in 147 natural menopause women,
including 55 in the normal bone mass group
with T >-1.0 and 36 in the osteoporosis group
patients with T <-2.5. The BMDs of the osteo-
porosis group in lumbar vertebrae (L-L,), left
femoral neck and total hip were significantly
lower than those of the normal bone mass
group (P < 0.01) (Table 1).

Quality control of plasma specimen lipidomics
data

During the mass spectrometry process, a QC
sample was inserted into every eight formal
samples. The QC sample was used to evaluate
the stability of the system’s mass spectrometry
platform throughout the experiment. The QC
sample base peak chromatogram (BPC) of the
strongest ions in the chromatogram of each
time point was described continuously, and
BPC was compared with the spectrum overlap.
The response intensity and retention time of
each chromatographic peak basically overla-
pped, which indicated that the lipid compo-
nents of each group were well separated (Fi-
gures 1 and 2).

Multivariate statistical analysis

The PCA model (Figure 3) and the OPLS-DA
model (Figure 4) of positive and negative ion
model data were established. The OPLS-DA
model can distinguish between the normal
bone mass group and the osteoporosis group,
and there was no obvious overlap between the
two groups. The permutation test of the OPLS-
DA model (Figure 5) indicated that the OPLS-DA
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Figure 1. Overlap of BPC in positive ion mode.
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PCA

60

<> osteoporosis group

normal bone mass group

sents significantly up-regulat-
ed differential metabolites, the
blue origin represents signifi-
cantly down-regulated differ-
ential metabolites, and the gr-
ay point represents insignifi-
cant differential metabolites. A
total of 10 differential lipid me-
tabolites were screened with
VIP > 1 and P < 0.05 as the sc-
reening criteria for differential
lipid metabolites (Figure 7; Ta-
ble 2). The expression of differ-
ent lipid metabolites by hierar-

1]
R2X[1] = 0.226 R2X[2] = 0.084 Ellipse:Hotelling' T2 (95%)

Figure 3. PCA diagram of untargeted lipidomics in osteoporosis group and

normal bone mass group.

OPLS-DA

to[1]

<> osteoporosis group

chical cluster analysis (Hiera-
rchical Clustering, HC) yields
the difference of lipid metabo-
lites heat map (Figure 7); the
abscissa represents sample
name, ordinate represents the
difference of lipid metabolites,
color from green to red repre-
sents metabolites expression
abundance from low to high,
and the more red color indi-
cates that difference in me-
tabolites expression abundan-
ce was higher. The 10 kinds

normal bone mass group

of different lipid metabolites
included phosphatidylcholine
(PC), triglycerides (TG), Cardio-
lipin (CL), lysophosphatidylcho-
line (LPC), and sphingomyelin
(SM). PC (18:0/20:4), TG (16:0/
10:0/20:4), CL (19:0/18:2/20:

1[1]
R2X[1] = 0.086 R2Xo[1] = 0.196  Ellipse:Hotelling' T2 (95%)

Figure 4. OPLS-DA diagram of non-targeted lipidomics in osteoporosis group

and normal bone mass group.

model had not been overfitted and the model
was reliable. VIP value > 1 and t test P value <
0.05 were used as the screening criteria for dif-
ferent lipid metabolites. VIP was used to mea-
sure the response strength of each metabolite
expression, and t test was used to verify wheth-
er the different metabolites were significant.

Screening of significantly different lipid mol-
ecules

The t-test was used to compare the expression

levels in detected lipid components (Figure 6).
In the volcanic diagram, the red origin repre-
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30 0/22:6), CL (75:4), PC (36:5),
Tand G (54:4) in the osteopo-
rosis group were significantly
higher than those of the nor-
mal bone mass group, while
PC (36:2), CL (22:3/18:0/18:0/
20:4), LPC (18:1), and SM (d16:0/18:1) were
significantly lower. The difference was statisti-
cally significant (P < 0.01).

Pathway enrichment analysis of differential
lipid metabolites

Based on KEGG (https://www.kegg.jp/) data-
base, the pathway enrichment analysis of dif-
ferent lipid metabolites was carried out, and
the signal pathway satisfying the threshold of P
< 0.05 was regarded as the signal pathway with
significant enrichment. The results of pathway
enrichment analysis of 10 metabolites showed

Int J Clin Exp Med 2021;14(2):789-799
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Figure 5. Permutation test of OPLS-DA models.

Volcano Plot

left femoral neck and total hip
BMD. While PC (36:2), LPC
(18:1), SM (D16:0/18:1) we-
re positively correlated, and
CL (19:0/18:2/0/22:6) and CL

-log10(p-value)
2
|

(22:3/18:0/18:0/20:4) had no
correlation (Table 3).

= up-regulated
= down-regulated
not-significant

Discussion

Postmenopausal female osteo-
porosis has gradually increas-
ed with the aging of the social
population, and has become a

p-value=0.05

social problem affecting the
quality of life and physical and
mental health of middle-aged
and elderly women [2]. PMOP

T
-1 -2 o}

log2(FC)

Figure 6. Volcano diagram of differential lipid molecules.

that the metabolic pathways containing more
than one biomarker were choline metabolism,
glycerophospholipid metabolism, retrograde en-
docannabinoid signaling pathway, linoleic acid
metabolism, a-linolenic acid metabolism, and
arachidonic acid metabolism. Ten different lipid
metabolites were metabolized by 6 metabolic
pathways. Enrichment analysis was performed
to draw the bubble diagram of the metabolic
pathway (Figure 8). The ordinate was the name
of the metabolic pathway and the abscissa was
the enrichment factor (Rich factor = significant
difference in the number of metabolites/total
number of metabolites in the signal pathway).
The greater the enrichment factor was, the
greater the enrichment degree was. The color
from red to green indicated that the P value
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occurs mainly due to women'’s
postmenopausal ovarian func-
tion decline, estrogen level
decline, bone absorption high-
er than bone formation, result-
ing in bone loss, osteoporosis, low back pain,
length shortening, hunchback and fragility frac-
tures and other complications [9]. Studies have
found that postmenopausal women with hyper-
cholesterolemia can accelerate the loss of
bone mass and cause osteoporosis [10]. The-
refore, studying the changes in lipid metabo-
lites and lipid metabolism disorders in PMOP
patients, early detection of PMOP high-risk
groups and early diagnosis are of great signifi-
cance for the prevention and treatment of
PMOP.

With the decrease of estrogen levels and redis-
tribution of body fat in postmenopausal women,
the lipid composition in the serum also chang-
es accordingly. In this study, 147 postmeno-

Int J Clin Exp Med 2021;14(2):789-799
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Figure 7. Heat map of differential lipid metabolites based on untargeted lipidomics.

Table 2. Differential lipid metabolites based on untargeted lipidomics

lon mode (m/z) retention time lipid VIP fold change P value
neg 854.5917 10.53523 PC (18:0/20:4) 21.72073 6.685092 1.35E-34
pos 788.6763 12.40055 TG (16:0/10:0/20:4) 3.332531 17.80423 7.84E-14
neg 772.5336 9.263217 CL (19:0/18:2/20:0/22:6) 1.14956 1.184764 0.025369
neg 748.5336 10.08751 CL (75:4) 1.291081 2.214669 0.031807
pos 786.6007 10.40383 PC (36:2) 1.005257 0.227457 0.000115
pos 780.5538 9.141374 PC (36:5) 3.031224 5.780065  1.79E-36
neg 766.5336 10.97835 CL (22:3/18:0/18:0/20:4) 1.645997 0.854103 0.044867
pos 900.8015 14.57399 TG (54:4) 1.292158 2.050635 0.002779
neg 566.3463 3.367196 LPC (18:1) 6.851338 0.400457 2.04E-05
neg 747.5658 8.444172 SM (d16:0/18:1) 31.87923 0.266177 1.48E-19
qualitatively and quantitatively.
Choline metabolism in cancer - There are significant changes
in lipid metabolites and meta-
R — N.“m':e’ bolic pathways in serum sam-
~ ples, and a total of 10 signifi-
E Reboopade sndocmmmsbingd sigasing cantly different lipid molecules
2 Pvalue were detected, including PC
Z B°" (18:0/20:4), TG (16:0/10:0/20:
I Linoleic acid metabolism = o 0.03

0.02

0.01
alpha-Linolenic acid metabolism -

Arachidonic acid metabolism - @

0.05 0.10 0.15
RichFactor

Figure 8. The bubble diagram of pathway enrichment analysis of differential
lipid metabolites.

4), CL (19:0/18:2/20:0/22:6),
CL (75:4), PC (36:5), and TG
(54:4), which were higher in
patients with osteoporosis th-
an those with normal bone ma-
ss (P < 0.05). Among them, PC
(36:2), CL (22:3/18:0/18:0/20:
4), LPC (18:1), and SM (d16:
0/18:1) were significantly low-
er than those with normal bo-
ne mass. Pathway enrichment

pausal women were measured for BMD, 55 analysis showed that these 10 differential lipid
normal bone mass and 36 osteoporotic serum metabolites passed through the choline metab-
samples were selected, and the composition of olism pathway, glycerophospholipid metabo-
lipid metabolites of the serum samples was lism pathway, retrograde endocannabinoid sig-
comprehensively analyzed by LC-MS lipidomics naling pathway, linoleic acid metabolism path-
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Table 3. Correlation analysis between the differential lipid metabolites and BMD

. o . lumbar (L.-L,) BMD left femoral neck BMD total hip BMD

Differential lipid metabolites e

r value p value r value p value r value p value
PC (18:0/20:4) -0.849 0.000 -0.524 0.000 -0.558 0.000
TG (16:0/10:0/20:4) -0.638 0.000 -0.393 0.000 -0.418 0.000
CL (19:0/18:2/20:0/22:6) -0.201 0.056 -0.066 0.537 -0.133 0.209
CL (75:4) -0.229 0.029 -0.194 0.065 -0.193 0.067
PC (36:5) -0.826 0.000 -0.541 0.000 -0.556 0.000
TG (54:4) -0.249 0.017 -0.067 0.529 0.023 0.832
PC (36:2) 0.361 0.000 0.298 0.004 0.399 0.000
CL (22:3/18:0/18:0/20:4) 0.187 0.076 0.145 0.171 0.164 0.120
LPC (18:1) 0.392 0.000 0.419 0.000 0.391 0.000
SM (d16:0/18:1) 0.679 0.000 0.388 0.000 0.436 0.000

way, a-linolenic acid metabolism pathway, and
arachidonic acid metabolic pathway for metab-
olism. Pearson correlation analysis of 10 differ-
ential lipid metabolites found that PC (18:0/
20:4), TG (16:0/10:0/20:4), PC (36:5) and lum-
bar spine (L-L,), left femoral neck and total hip
BMD were negatively correlated; PC (36:2), LPC
(18:1), and SM (d16:0/18:1) were positively cor-
related; CL (19:0)/18:2/20:0/22:6) and CL (22:
3/18:0/18:0/20:4) had no correlation, and CL
and BMD had no correlation. This may be relat-
ed to the different levels of BMD in different
parts. This result shows that there is a signifi-
cant difference between the lipid composition
of PMOP patients and those with normal bone
mass. Differential lipid metabolites are metab-
olized through different lipid metabolism path-
ways, and their differentially expressed lipid
metabolites may participate in the pathogene-
sis of PMOP. From the perspective of lipid
metabolite changes, PC, TG, CL, and SM lipids
have changed through different metabolic pa-
thways. PC is the main component of cell mem-
brane and is metabolized by the choline path-
way. Among the glycerophospholipids, LPC is
the main component of oxidized low density
lipoprotein (ox-LDL). Ox-LDL can promote bone
marrow mesenchymal stem cells (mesenchy-
mal stem cell, MSC) to differentiate into adipo-
cytes and inhibit their differentiation into osteo-
blasts, accelerating the occurrence of osteopo-
rosis [11]. TG belongs to glycerolipids, and the
main components are very low density lipopro-
tein (VLDL) and chylomicrons [12]. TG (16:0/
10:0/20:4) and TG (54:4) are significantly
increased in patients with osteoporosis, and
the abnormal accumulation of fatty and Ili-
pid peroxidase can promote the expression of
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interleukin-6 (IL-6), IL-1[3, IL-8 and other inflam-
matory factors, and induce oxidative stress in
the body. The production of reactive oxygen
species (ROS) increases, and ROS causes oxi-
dative damage to lipids, proteins and DNA, whi-
ch inhibits osteoblast-mediated bone forma-
tion, leading to osteoporosis [13]. CL is a kind
of mitochondrial cardiolipin; abnormal metabo-
lism can lead to tricarboxylic acid cycle disorder
and cell apoptosis and necrosis [14]. SM be-
longs to sphingomyelin, which generates cera-
mides (cer) under the action of sphingomyelin
hydrolase. The cer can lead to the production of
reactive oxygen species (ROS) and oxygen-con-
taining free radicals, thereby inhibiting osteo-
blast-mediated bone formation and leading to
the occurrence of osteoporosis [15]. These dif-
ferential lipid metabolites form fat emboli in the
peripheral blood of PMOP patients through dif-
ferent metabolic pathways, resulting in throm-
bosis, increase in the number of adipocytes in
the bone marrow cavity, compression of blood
vessels in the bone marrow cavity, disturbance
of bone marrow microcirculation, decreased
bone metabolism and bone mass loss, leading
to osteoporosis [16]. Increased blood lipid lev-
els in postmenopausal women can also lead to
abnormal differentiation of osteoclasts in the
bone marrow cavity and excessive activation,
resulting in bone loss and leading to osteoporo-
sis [17]. Tarakida et al. [18] found that hyper-
cholesterolemia in postmenopausal women
can accelerate bone loss and cause osteoporo-
sis. Griffith et al. [19] also proved that lipid com-
ponents accumulate in blood vessels around
bones, which can promote the reduction of
BMD in rats. Kim et al. [20] found that BMD of
the lumbar spine, pelvis and femoral neck was
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correlated with TG and TG/HDLC in patients
with hyperlipidemia. Clinical observations have
also found that PMOP patients often have lipid
metabolism disorders, meanwhile, lipid metab-
olism disorders have been improved to a cer-
tain extent after relevant treatment [3]. These
research conclusions are consistent with our
research results that lipid metabolism disor-
ders play a very important role in the pathogen-
esis of PMOP. However, the current research
conclusions on the correlation between dyslip-
idemia and PMOP are not uniform, and some
studies have not found its correlation [21],
which may be due to the influence of the study
population, different races and different genet-
ic backgrounds on lipid metabolism and BMD.

In summary, the results of this study indicate
that abnormal lipid metabolism may be involved
in the pathogenesis of PMOP. Lipid metabolism
disorders are an important cause of PMOP.
Early detection of lipid metabolism disorders in
postmenopausal women, early prevention and
treatment can decrease the occurrence rate of
complication such as back pain, kyphosis and
fragility fractures.
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