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Abstract. – OBJECTIVE: Our aim is to investi-
gate the correlation between risk factors of post-
menopausal osteoporotic fracture, BMD and Bone 
turnover markers, lipid metabolism and BMI.

SUBJECTS AND METHODS: The Cox propor-
tional hazard model was used to conduct univar-
iate and multivariate analysis to screen the risk 
factors related to postmenopausal osteoporotic 
fractures. Blood samples were collected to de-
tect biochemical markers of bone turnover, blood 
lipids content, and then measure the BMI of the 
survey subjects. BMD was measured and its cor-
relation with biochemical markers of bone turn-
over, lipid metabolism and BMI was analyzed. 

RESULTS: Cox univariate analysis indicated 
that average age, menopause, years since meno-
pause, number of deliveries, and limb spasm are 
associated covariates of postmenopausal os-
teoporotic fractures. Where, BMD severity, his-
tory of hysterectomy or ovariectomy, and years 
since menopause are significant covariates for 
the incidence of postmenopausal osteoporotic 
fractures. The correlation study with lipid metab-
olism found that the smaller the BMI value, the 
greater the BMD loss; the smaller the TG value, 
the greater the BMD loss, exhibiting a down-
ward trend. No difference was observed between 
HDL-C and LDL-C content, and the difference 
was not statistically significant (p>0.05). Fem-
oral neck BMD was negatively correlated with 
CatheK, serum osteocalcin, PINP, β-crosslaps 
and TRAP, and lumbar spine BMD was also nega-
tively correlated with CatheK, serum osteocalcin, 
PINP, β-crosslaps and TRAP. 

CONCLUSIONS: Biochemical markers of 
bone turnover are highly expressed in postmeno-
pausal women and increase with the decrease 
of bone density, which can be used as markers 
for disease prediction. Combined with BMI, tri-
glyceride and other related indicators, and close-
ly related factors such as the patient’s age, the 
number of deliveries, it is possible to predict the 
incidence of PMOP fractures early.
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Introduction

For postmenopausal women, due to the decline 
in the body’s estrogen level, the bone metabolism 
is unbalanced, which breaks the balance between 
the original bone resorption and bone formation, 
and accelerates the bone trabecular resorption, so 
that the bone microstructure changes, activating os-
teoclast-mediated irreversible bone loss with high 
turnover. Decreased bone mass results in increased 
bone fragility, so fracture is easy. Even low energy 
loads in daily activities or minor trauma, such as 
sneezing, coughing, etc., may lead to fractures. The 
high incidence sites of fractures mainly include the 
spine, distal ulna and radius, and the hip. In partic-
ular, elderly population is prone to fracture, which 
is an important cause of decline in their quality of 
life and even death. Related epidemiology shows 
that among women with (PMOP) postmenopausal 
osteoporotic fractures, after a hip or femur fracture 
in the elderly population, the rate of death from re-
lated complications within 1 year is as high as 25%. 
Therefore, postmenopausal osteoporosis becomes 
the most serious chronic disease after cardiovascular 
and cerebrovascular diseases1,2. A number of stud-
ies1-3 at home and abroad have also confirmed that 
the risk of postmenopausal osteoporotic fractures 
in women is positively correlated with the increase 
in the years since menopause. The BMD value of 
normal women reaches a peak at the age of 30-35 
years old. During the perimenopausal period, BMD 
value shows a downward trend year by year, and af-
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ter menopause, female estrogen levels decrease sig-
nificantly with age, with the activity of osteoblasts 
decreased and the activity of osteoclasts increased, 
which breaks the balance between bone resorption 
and bone formation, leading to reduced bone forma-
tion and enhanced bone resorption. With the increas-
ing years since menopause, the body’s estrogen lev-
els and BMD decline faster, resulting in an increased 
probability of fractures1-3. Scholars have shown4 that 
bone turnover-related biochemical markers can be 
detected to determine the type of clinical bone me-
tabolism, which can accurately reflect the rate of 
bone formation and resorption and can be used to 
assess the rate of bone loss and disease progression, 
so that it is possible to timely select appropriate in-
tervention measures and treatment schemes. Also, 
previous studies5,6 by the research team also confirm 
that the intramedullary fat in patients with osteo-
porosis is significantly increased, while blood lipid 
is one of the three major substances for the body’s 
basal metabolism. It is confirmed by more related 
research5,6 that a certain relationship may exist be-
tween the two, and each lipid metabolism affects the 
incidence of osteoporosis in varying degrees. Based 
on previous literature research, this study screened 
out the relevant risk factors for postmenopausal oste-
oporotic fractures, including BMD diagnosis, num-
ber of pregnancies, years since menopause, number 
of deliveries, and history of ovariectomy. Cox mul-
tivariate analysis was performed with the above five 
risk factors and the incidence time of osteoporotic 
fracture as the outcome variables to analyze the re-
lated risk factors for women aged 45-65 years with 
postmenopausal osteoporotic fractures, and detect 
BMD, CatheK, serum osteocalcin, PINP, β-cross-
laps, TRAP, lipid metabolism and BMI index. In 
this way, it is possible to investigate their risk lev-
els and correlations, initially identify the related risk 
factors for fractures in women with postmenopausal 
osteoporosis and provide scientific basis for relevant 
departments and health administrative agencies to 
conduct follow-up early risk prediction and health 
education for high-risk groups with PMOP fractures.

Subjects and Methods

General Information 
The data of 128 patients with postmenopausal 

osteoporotic fractures treated in our hospital and 
project cooperation units from January 2019 to 
January 2021 were collected. The average age was 
(54.36±5.47) years. The incidence site of frac-
tures included: 22 cases of distal radius fractures, 

11 cases of rib fractures, 32 cases of thoracic spine 
fractures, 39 cases of lumbar spine fractures, 10 
cases of thoracolumbar multiple compression 
fractures, 3 cases of femoral neck fractures, 2 cas-
es of pertrochanteric fractures, 2 cases of femoral 
intertrochanteric fractures and 7 cases of lateral 
malleolus fractures. 25 cases had intermittent oral 
administration of calcium and vitamin D drugs, 
but all did not receive systematic and regular an-
ti-osteoporosis treatment.

Diagnostic Criteria
Guidelines for the diagnosis and treatment of 

primary osteoporosis7 was referred to for the di-
agnosis of postmenopausal osteoporosis.

Inclusion Criteria
�Aged 45-65 years old, female; �With clear 

consciousness, normal spirit, able to keep to the 
subject, communicate with staff normally and an-
swer relevant questions; �With no bad or special 
eating habits; �Without systematic and regular 
anti-osteoporosis treatment in the past;�Agree 
to participate in this research project and sign the 
informed consent.

Exclusion Criteria
�Unnatural menopause with a history of ova-

riectomy; �Secondary osteoporosis caused by 
the use of glucocorticoids and other drugs, hyper-
thyroidism, diabetes and other related diseases; 
�Super aged pregnant women; �Mental illness 
or cognitive dysfunction; �Patients with a histo-
ry of severe cardiovascular and cerebrovascular 
diseases, liver and kidney failure and malignant 
tumor.

Detection Indexes
Blood samples from the enrolled patients were 

collected to detect blood lipids (TC, TG, HDL-C, 
LDL-C), and immunodetection of biochemical 
markers of bone turnover was performed: serum 
cathepsin K (CatheK), type II procollagen ami-
no-terminal propeptide (PINP), β-collagen deg-
radation products (β-crosslaps), osteocalcin and 
tartrate-resistant acid phosphatase (TRAP). The 
body mass index (BMI) of the survey subjects 
was measured, the bone mineral density (BMD) 
was detected, and its correlation with lipid metab-
olism was analyzed. At the same time, based on 
previous literature research, the risk factors relat-
ed to postmenopausal osteoporotic fractures were 
screened, and relevant case data were collected, 
including menopause, years since menopause 
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(years since menopause≤ 10 years, years since 
menopause >10 years), number of pregnancies 
(≤1, 2, 3, ≥4), number of deliveries (≤2, ≥3). The 
correlation between risk factors and postmeno-
pausal osteoporotic fractures was analyzed.

Statistical Analysis
SPSS 22.0 software (IBM Corp., Armonk, NY, 

USA), R3.0.2 software Survival software package 
and Cox’s Proportional Hazard Model method-
ology were used for statistical analysis and risk 
factors analysis. All statistical analysis tests were 
two-sided hypothesis tests, and p≤0.05 was con-
sidered statistically significant.

Results

According to the BMD results, the correlation 
between population with different degrees of os-
teoporosis and the incidence of fragility fractures 
is compared, as shown in Table I.

Cox proportional hazard model for postmeno-
pausal osteoporotic fracture events is shown in 
Table II.

Correlation analysis between the incidence of 
postmenopausal osteoporotic fractures and BMI, 
lipid metabolism is shown in Table III.

Correlation analysis between serum biochemi-
cal markers of bone turnover and BMD, as shown 
in Table IV.

Discussion

Postmenopausal osteoporotic fracture (PMOP) 
has many related short-term and long-term compli-
cations, which is one of the most harmful clinical 
outcomes for postmenopausal women, and the in-
cidence is increasing year by year. Hence, prevent-
ing PMOP and lowering PMOP incidence has be-
come an important public health problem in China, 
and early prediction is one important means to pre-
vent PMOP and lower PMOP incidence8,9. So find-
ing relevant risk factors are important methods of 
predicting PMOP. Based on the conclusions of this 
study, Through the screening of high-risk factors 
such as the severity of osteoporosis, years since 
menopause, whether there is a history of hyster-
ectomy or ovariectomy, and combined with close 
factors such as the patient’s age and the number of 
deliveries, the risk of PMOP was judged. Previous 
literature study10 has shown that the fat in the med-
ullary cavity gradually increases in the case of OP, 

indicating a certain relationship between the two, 
with various blood lipids exerting different effect 
on osteoporosis10. Moreover, the findings are also 
controversial. Hsu et al11 believed that BMD was 
significantly negatively correlated with TC, TG, 
and LDL-C levels, while Tang et al12 believed that 
BMD was positively correlated with TG levels. 
Wang et al13 believed that BMD was positively 
correlated with TG levels and negatively correlated 
with LDL-C, TC, and HDL-C. The findings of Cai 
et al14 and Gong et al15 are basically consistent with 
those Wang et al13. Qiu et al16 believed that HDL-C 
was positively correlated with BMD. At the same 
time, the team has also achieved certain previous 
results in the mechanism of lipid metabolism and 
OP. Studies16-18 show that both adipocytes and os-
teoblasts are differentiated from stromal cells in 
the bone marrow. When more adipocytes are dif-
ferentiated than osteoblasts, osteoblast differenti-
ation will be affected, thus affecting BMD value. 
Meanwhile, oxidized low-density lipoprotein (ox-
LDL) not only directly inhibits the formation of os-
teoblasts, but also induces apoptosis of osteoblasts, 
which can indirectly destroy osteocytes by induc-
ing inflammatory response. HDL-C can inhibit the 
effect of ox-LDL. TC levels affect the formation 
and survival of osteoclasts, and lipoproteins can in-
directly affect bone remodeling by regulating cho-
lesterol levels. Various studies16-18 have shown that 
lipid metabolism substances are closely related to 
the incidence of osteoporosis. 

Biochemical markers of bone turnover include 
CatheK, serum osteocalcin, PINP, β-crosslaps, and 
TRAP, which can not only represent osteoblast ac-
tivity, but also reflect the bone turnover rate and re-
modeling process through mechanism, while high-
er bone turnover is closely related to osteoporosis19. 
Where, osteocalcin is an important index influenc-
ing bone turnover, PINP is specific and sensitive 
to bone formation, TRAP mainly exists in mature 
osteoclasts and active macrophages, β-crosslaps 
can reflect osteoclast activity and bone resorption, 
and CatheK is a protease associated with diseases 
like tumors, osteoporosis, all of which are closely 
related to the incidence of osteoporosis20-22.

Conclusions

Based on Cox proportional hazard model and 
data correlation analysis, this study aims to find 
the relevant risk factors for postmenopausal oste-
oporotic fractures and their correlation with lipid 
metabolism. The study finds that BMD severity, 
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years since menopause, history of hysterectomy 
or ovariectomy are the most important risk fac-
tor for osteoporotic fractures, which are closely 
related to factors such as age, number of deliv-
eries. Meanwhile, data analysis shows that the 
smaller the BMI value, the greater the BMD 
loss, exhibiting a downward trend; the small-
er the TG value, the greater the BMD loss, ex-
hibiting a downward trend. No difference is ob-
served between HDL-C and LDL-C content. 
In this survey, BMI=23.26±3.48 kg/m2, which 
is between 18.5-27.9 kg/m2, so it is inferred 
that people in Xinfan area are normal or obese. 
TG=1.63±1.091 mmol/L, which is normal high. 
Out of the three BMD content grades, no differ-
ence was observed between HDL-C and LDL-C 
content, with HDL-C=1.60±0.722 mmol/L, 
LDL-C=2.54±0.848 mmol/L, all of which were at 
normal levels. The TC value of osteoporosis is dif-
ferent from the TC value of normal bone mass. The 
smaller the TC value, the greater the BMD loss, 
exhibiting a downward trend. TC=4.47±0.998 
mmol/L, which is at a normal level, so it can be 
inferred that the survey subjects have relatively 
normal blood lipid metabolism. At the same time, 
this study found that femoral neck BMD was 
negatively correlated with CatheK, serum osteo-
calcin, PINP, β-crosslaps, and TRAP, and lumbar 
spine BMD was also negatively correlated with 
CatheK, serum osteocalcin, PINP, β-crosslaps, 
and TRAP. It shows that the activity of osteoclasts 
in postmenopausal bone metabolism is enhanced, 
and postmenopausal osteoporosis is an osteoporo-
sis with high turnover rate.

Conclusions

This study finds that BMD severity and years 
since menopause are the most important risk fac-
tors inducing PMOP fractures. The smaller the 
BMI value and triglyceride, the greater the bone 
mass loss. There is no significant correlation with 
HDL-C, LDL-C, while the expression of biochem-
ical markers of bone turnover is closely related 
to BMD. Postmenopausal osteoporosis is a high 
turnover bone disease, which is highly expressed 
in postmenopausal women, and increases with de-
crease of BMD. It can be used as a marker for pre-
dicting the disease. At the same time, combining 
the patient’s age, number of deliveries, and wheth-
er there is a history of hysterectomy or ovariecto-
my and other closely related factors, it is possible 
to predict the incidence of PMOP fractures early. 

However, due to the small sample size in this study, 
there may be certain limitations. The sample size 
should be expanded in the later stage to conduct 
stratified and further study on patients’ age.
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