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Bone metabolism factors in predicting the risk 2
of osteoporosis fracture in the elderly

Jun Zhang", Yi Hu' and Weifan Cai'

Abstract

Objective Osteoporosis (OS) is a systemic bone disease characterized by low bone mass and bone microstructure
damage. This study.

Methods According to the T value, 88 elderly fracture patients were grouped as the control group (without OS,

43 cases) and observation group (with T value <-2.5, which could be diagnosed as OS, 45 cases). The content of
boney containing protein (BGP), total type 1 collagen amino terminal extender peptide (TPINP), B-Crosslaps (3-CTX),
parathyroid hormone (PTH) and insulin-like growth factors-1 (IGF-1) was compared. Multivariate logistic regression
was adopted to analyze the correlation between biochemical indexes and the occurrence of senile OS fracture and
the related risk factors. The diagnostic value in the elderly was analyzed by receiver operating characteristic (ROC)
curve.

Results The levels of BGP, TPINP, 3-CTX, PTH and IGF-1 were elevated, and the level of IGF-1 was decreased in the
observation group compared with the control group (P<0.05). The elevated content of BGP, TPINP, 3-CTX and PTH,
and the decreased expression of IGF-1 were influencing factors for OS fractures in the elderly (P<0.05). The sensitivity
and specificity to predict the occurrence of OS fractures in the elderly were 91.70% and 90.50%, respectively. The AUC
of combined detection was 0.976 (95% Cl: 0.952-1.000), which was memorably higher than single indicator detection
(P<0.05). Among 45 patients, 32 cases had good prognosis and 13 had poor prognosis. In comparison with the good
prognosis group, the content of BGP, TPINP, 3-CTX and PTH were sensibly higher, the level of IGF-1 was prominently
lower, and the proportion of fracture history was much higher in poor prognosis group (P < 0.05). Fracture history, BGP,
TPINP, -CTX, PTH and IGF-1 were independent risk factors for poor prognosis of elderly OS fractures (P<0.05).

Conclusion Bone metabolism factors were associated with poor prognosis of OS in the elderly. The combined
detection had higher diagnostic value in calculating the risk of OS fracture in the elderly than single indicator
detection.
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Introduction

Osteoporosis (OS) is a systemic bone disease character-
ized by low bone mass and bone microstructure damage,
which mainly occurs in the elderly. In recent years, the
incidence rate of OS has also increased with the aging
of the population [1]. At present, the treatment plan for
patients with OS fracture includes surgical treatment
and non-surgical treatment. Among them, the hip frac-
ture with high mortality advocates early internal fixa-
tion surgery, which can enable patients to leave bed early
and reduce the incidence of postoperative complications
and mortality to a certain extent [2]. Because most of the
patients are elderly people with other organ diseases,
cardiovascular and cerebrovascular accidents are prone
to occur during the treatment, which greatly increases
the complexity and risk of treatment. Therefore, how to
effectively predict the risk of OS fracture in the elderly is
of great significance to reduce the occurrence, treatment
and prognosis of fracture.

Biochemical indicators of bone metabolism refer to
the relevant ions, molecules and regulatory hormones
released into the blood or discharged from the urine dur-
ing bone transformation, which can represent the activ-
ity of osteoblasts and osteoclasts, and can also reflect the
rate of bone formation or bone absorption [3]. At pres-
ent, there are many bone metabolic markers to evaluate
the risk of OS fracture, such as boney containing protein
(BGP), total type 1 collagen amino terminal extender
peptide (TPINP), B-Crosslaps (B-CTX), parathyroid hor-
mone (PTH) and insulin-like growth factors-1 (IGF-1),
etc. The detection of these above indicators reflects the
status of bone turnover, which helps to judge the diag-
nosis and classification of osteoporosis, and effectively
predicts the risk of hip fracture in the elderly. These indi-
cators have been studied in clinical practice, with their
advantages and disadvantages and indications, which
can provide a theoretical basis for our present study [4].
However, the sensitivity and specificity of the detection
of a single biochemical indicator of bone metabolism
have certain limitations. At present, there is still no indi-
cator which can accurately predict OS fracture in clinical
practice [5].

In this study, 88 cases who met the criteria were finally
included. The level of bone metabolism biochemical indi-
cators between non-fracture and fracture was compared
to analyze the affecting factors related to the occurrence
of OS fracture in the elderly. The predictive value of com-
bined biochemical indicators of bone metabolism on the
risk of OS fracture in the elderly and its relationship with
poor prognosis were further analyzed.
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Materials and methods

Genaral material

126 elderly fracture patients admitted in our hospital
during December 2018 to December 2021 were chosen
as the study objects. Inclusion criteria: (1) Those who
have not used parathyroid hormone or its analogues or
calcitonin, immunosuppressive agents and other drugs
that affect bone metabolism recently. (2) Patients with
complete clinical data. (3) Patients with normal coagu-
lation function and immune function. (4) Patients>50
years old. Exclusion criteria: (1) those with abnormal
cognitive function and unable to communicate normally.
(2) Those with serious primary diseases such as heart,
liver and kidney. (3) Patients with other neurological dis-
eases. (4) Those who are allergic to the drugs used in this
study. 88 cases who met the criteria were finally included.
After being enrolled, the researchers were examined
using dual-energy X-ray absorptiometry (DXA) method
on the bone mineral density instrument (Hologic Discov-
ery, USA) to measure the bone mineral density (BMD).
The measurement results were expressed by T value. T=
(BMD value - bone peak value of healthy people of the
same gender)/standard deviation of bone peak value of
healthy people of the same gender [6]. According to the
T value, the selected cases were further grouped as the
control group (no OS) with 43 cases and observation
group (with T value <-2.5, which could be diagnosed as
OS) with 45 cases. Among them, the observation group
included 20 males and 25 females, aged 51-82 vyears,
with an average age of (65.73+9.42) years, a body mass
index (BMI) of 22-28 kg/m? and an average BMI of
(24.95+1.66) kg/m?>. The control group included 19 males
and 24 females, aged 50—79 years, with an average age of
(63.20%9.13) years, a BMI of 23-28 kg/m?, and an aver-
age BMI of (25.11+1.66) kg/m? There existed no differ-
ence in general data such as the age and gender between
two groups (P>0.05). The selection process of general
data was shown in Fig. 1. The study was ratified by the
Ethics Committee of our hospital, and the patients and
their families were informed of the study.

Methods

Determination of serum biochemical indexes of bone
metabolism

5 ml of venous blood under fasting condition was
extracted in the morning, placed in a vacuum centrifuge
tube, shaken the tube and fully mixed. The blood was
centrifuged at 3000 r/min for 10 min to obtain the upper
serum, and the serum was frozen —20C for testing. The
content of BGP, TPINP, B-CTX, PTH and IGF-1 was
examined using corresponding Enzyme-Linked Immu-
nosorbent Assay (ELISA) kit. BGP kit was from Shang-
hai Bangjing Industrial Co., Ltd., TPINP B-CTX kit was
from Shanghai Ruifan Biotechnology Co., Ltd., PTH kit
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Fig. 1 The selection process of general data

was from Yixing Biotechnology Co., Ltd., and IGF-1 kit
was from Shenzhen Kerunda Biotechnology Co., Ltd.
(the detection was carried out in strict accordance with
the kit instructions).

Prognosis assessment

The patients in the observation group were treated with
surgery (hip arthroplasty, etc.). According to the out-
come, the patients were further grouped as the good

prognosis group (32 cases with no recurrence or no re-
fracture) and the poor prognosis (13 cases with death, re-
fracture or infection). At the same time, the general data
of patients include the age, BMI, fracture history, smok-
ing history, drinking history, BGP, TPINP B-CTX, PTH
and IGF-1 levels were collected.
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Outcome measures

Comparison of bone metabolism biochemical indicators
content: according to the T value, the selected patients
were grouped as the control group (without OS) of 43
cases and the observation group (with T value<-2.5, OS
can be diagnosed) of 45 cases. The original data of bone
metabolism biochemical indicators was collected, and
was compared using chi-square test and t-test. The differ-
ence was statistically significant with P<0.05.

The influencing factors of OS fracture in the elderly:
Multivariate logistic regression analysis was used to ana-
lyze the influencing factors of OS fracture in the elderly.

The clinical diagnostic value of biochemical indicators
of bone metabolism: Receiver operating characteristic
(ROC) curve was drawn to analyze the diagnostic value
of BGP, TPINDP, p-CTX, PTH and IGF-1 alone and in
combination for OS fractures in the elderly.

The relationship between biochemical indicators of
bone metabolism and prognosis of OS fracture in the
elderly: the patients were followed up for 12 months, and
were grouped as good prognosis group (with no recur-
rence or no re-fracture) and poor prognosis group (death,
re-fracture and infection) according to the prognosis. The
general data of patients (age, gender, BMI, fracture his-
tory, smoking history and drinking history) was collected,
and the content of bone metabolism indicators was
examined. Multivariate logistic regression was adopted to
analyze the biochemical indexes of bone metabolism and
the risk factors of poor prognosis of senile OS fracture.

Statistical analysis

SPSS21.0 software was used for data statistical analysis.
The measurement data was described as and compared
by t test. The enumeration data was expressed in the
form of n (%), and compared following x * test. Multivari-
ate logistic regression was employed to analyze the corre-
lation between biochemical indexes of bone metabolism
and the occurrence of OS fracture in the elderly and the
risk factors for poor prognosis. ROC curve was drawn to
analyze the diagnostic value of BGP, TPINP, 3-CTX, PTH
and IGF-1 alone and in combination for OS fractures in
the elderly. P<0.05 indicated that the difference was sta-
tistically significant.
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Results

Comparison of biochemical indicators of bone metabolism
levels

Compared with the control group, the content of BGP,
TPINP, B-CTX, PTH and IGF-1 were markedly higher,
and the level of IGF-1 was sharply lower in the observa-
tion group (P<0.05, Table 1; Fig. 2).

Multivariate logistic regression of biochemical indexes of
bone metabolism and the occurrence of OS fracture in the
elderly

Multivariate Logistic regression analysis exhibited that
the elevated content of BGP, TPINP, p-CTX and PTH,
and the decreased expression of IGF-1 were influencing
factors for OS fractures in the elderly (P<0.05, Table 2).

The predictive value of biochemical indicators of bone
metabolism on the occurrence of OS fractures in the
elderly

The ROC curve confirmed that the sensitivity and speci-
ficity of combined bone metabolism biochemical indi-
cators to predict the occurrence of OS fractures in the
elderly were 91.70% and 90.50%, respectively. The AUC
of combined detection was 0.976 (95% CI: 0.952-1.000),
which was memorably higher than single indicator detec-
tion (P<0.05, Table 3; Fig. 3).

Prognostic value of bone metabolism biochemical
indicators in elderly patients with OS fracture

Among 45 patients, 32 cases had good prognosis and 13
had poor prognosis. In comparison with the good prog-
nosis group, the content of BGP, TPINP, -CTX and PTH
were sensibly higher, and the level of IGF-1 was promi-
nently lower, and the proportion of fracture history was
much higher in poor prognosis group (P<0.05, Table 4).

Analysis of prognostic factors of OS hip fracture in the
elderly

Logistic regression analysis confirmed that fracture his-
tory, BGP, TPINP, 3-CTX, PTH and IGF-1 were inde-
pendent risk factors for poor prognosis of elderly OS
fractures. Among them, fracture history, BGP, TPINP,
B-CTX and PTH were risk factors for poor prognosis
of senile OS fracture, and IGF-1 was a protective factor
(P<0.05, Tables 5 and 6).

Table 1 Comparison of biochemical indicators of bone metabolism levels

Groups BGP (ng/mL) TPINP (ng/mL) B-CTX (pug/mL) PTH (pg/mL) IGF-1(pg/L)
The control group (n=43) 6.98+1.92 44.88+1.85 0.17+0.05 43.09+14.87 804.59+77.19
The observation group (n=45) 16.68+1.69 69.00+7.31 0.73+0.11 73.26+7.59 156.67+21.69
t 25.185 20.998 30.502 12.066 33.796

p <0.001 <0.001 <0.001 <0.001 <0.001
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Fig. 2 Comparison of biochemical indicators of bone metabolism levels. A: Comparison of BGP level; B: Comparison of TPINP level; C: Comparison of 3-
CTX level; D: Comparison of PTH level; E: Comparison of IGF-1 level. Note P < 0.05 compared between two groups. BGP: boney containing protein; TPINP:
total type 1 collagen amino acid extender peptide; 3-CTX: 3-Collagen special sequence; PTH: parathyroid hormone; IGF-1: insulin-like growth factor

Table 2 Multivariate logistic regression of biochemical indexes of bone metabolism and the occurrence of OS fracture in the elderly

Factors Regression coefficient B value Standard error Wald x2 value P value OR (95% Cl)

Convention -15419 3.760 16.820 <0.001

BGP 0.200 0.090 4.879 0.027 1.221(1.023~1.458)
TPINP 0.096 0.040 5.929 0.015 1.101(1.019~1.190)
B-CTX 4.738 1.638 8365 0.004 114.202(4.605~2832.142)
PTH 0.051 0.021 5553 0.018 1.052(1.009~1.097)

IGF-1 0.005 0.002 8525 0.004 1.005(1.002~1.008)

Table 3 The predictive value of biochemical indicators of bone metabolism on the occurrence of OS fractures in the elderly

Factors AUC 95% Cl Sensitivity Specificity Pvalue
BGP 0.788 0.668-0.889 0.756 0.703 0.011
TPINP 0.728 0.613-0.842 0.667 0.558 0.031
B-CTX 0.767 0.660-0.873 0.689 0.627 0.018
PTH 0.781 0.675-0.887 0.793 0.725 0.012
IGF-1 0814 0.720-0.908 0.824 0.784 0.006
Combined detection 0.976 0.952-1.000 0917 0.905 <0.001

Conclusion

At present, the prevalence of osteoporosis is increasing
with the aging of the population, so the differential diag-
nosis of metabolic bone disease and the early diagnosis
of OS are receiving more and more clinical attention

[7]. At present, the commonly used methods for clinical

detection of OS include histological detection, imaging
detection and biochemical technology [8]. These three
detection methods all have certain accuracy. Histologi-
cal detection is innovative, but dynamic detection cannot



Zhang et al. BMC Musculoskeletal Disorders (2024) 25:442

ROC curve .
10 — Diagram

—BGP
— PINP

——BCTX
—PTH

IGF1
—Joint testing
— Guides

Aunysues

T T
08 10

04 OI.G
Specificity

Fig. 3 ROC curve of bone metabolism biochemical indicators predicting
the occurrence of OS fracture in the elderly

Table 4 Prognostic value of bone metabolism biochemical
indicators in elderly patients with OS fracture

Factors Poor prog-  Good prog- X2/t P
nosis group  nosisgroup value value
(n=13) (n=32)

Age (year) 66.92+10.71 65.25+898 0534 0.595

BMI (kg/m2) 2546+1.45 2475+£1.72 1309 0.197

Gender Male 5 15 0.265 0.607
Female 8 17

Fracture Yes 9 9 0011 0018

history No 4 23

Smoking  Yes 7 14 0672 0749

history No 6 18

Drinking Yes 8 16 0528 0356

history No 5 16

BGP (ng/mL) 2426530 16.51+1.62 7553  <0.001

TPINP (ng/mL) 78.17+4.37 67.15+6.76 5415 <0.001

B-CTX (ug/mL) 092+0.16 0.74+0.13 3936 <0.001

PTH (pg/mL) 8346+1063 73.75+825 3288 <0.001

IGF-1 (ug/L) 769.32+7435 960.61+63.05 8759 <0.001

Table 5 Variable assignment

Factors Variable Assignment

X1 Fracture history 0=no, 1=yes

X2 BGP Measured value

X3 TPINP Measured value

X4 B-CTX Measured value

X5 PTH Measured value

X6 IGF-1 Measured value

be performed. Due to the limited precision of imaging
detection, OS cannot be detected in time, so biochemical
technology has become the preferred inspection method
[9].

Biochemical indicators of bone metabolism mainly
include calcium and phosphorus metabolism regulation
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Table 6 Factors affecting the prognosis of senile OS fracture

Factors B Stan- Wald P OR (95% Cl)
value dard X2 value
error value
X1 2578 1.076 5.743 0.017 1.076(0.009~1.625)
X2 0.152 0073 4385 0036  1.859(0.745~1.990)
X3 0.092 0.040 5.199 0.023 1.912(0.842~1.897)
X4 1.606 0.735 4.770 0.029 1.201(0.047~1.848)
X5 0.133  0.053 6363 0012  1.142(1.030~1.267)
X6 -0.005 0.002 5380 0.020 0.995(0.992~0.999)

indicators, bone formation markers, bone absorption
markers, hormones, etc. Different metabolites indicate
the degree of bone formation and bone absorption, which
reflects the strength and quality of bone. Therefore, bio-
chemical indicators of bone metabolism are commonly
used in the diagnosis of osteoporosis and metabolic bone
disease. BGP belongs to gamma-carboxyglutamic-acid-
containing proteins and is secreted and synthesized by
osteoblasts, which is not easily affected by bone absorp-
tion factors. Serum BGP can be used to lean about the
activity of osteoblasts, especially the newly formed osteo-
blasts. The content of BGP varies with the age and bone
turnover rate, in a negative correlation. The faster the
bone metabolism is updated, the higher the osteocalcin
value will be, and vice versa [10]. Some studies believed
that the reason why BGP reflected the state of osteogen-
esis activity was that it could specifically combine with
hydroxyapatite under normal physiological conditions,
thus forming hydroxyapatite crystals by depositing bone
salt to elevate bone salt content and bone strength [11].
Bone tissue is mainly composed of organic matter, inor-
ganic minerals, bone cells and water. There is sufficient
clinical evidence to prove that organic matter accounts
for about 35% of the backbone weight, of which 90 —98%
comes from TPINP. The amino terminal extended pep-
tide chain of type 1 procollagen peptide is PINP, and the
ratio of P1NP dissociated by specific protease during the
conversion of procollagen to collagen is 1:1. Therefore,
total PINP can reflect the activity and osteogenic speed
of osteoblasts [12]. The high level of total PINP indicates
abnormal bone metabolism, indicating the risk of OS in
patients [13].

B-CTX is an internationally recognized marker of bone
resorption in recent years, which is a fragment of collagen
released into the blood after degradation in the process
of bone reconstruction. Elevated B-CTX content reflects
reinforced bone absorption and bone loss, leading to the
occurrence of OS and deformable bone disease [14]. PTH
is secreted and synthesized by the main parathyroid cells.
The main function of PTH is to regulate the metabolism
of calcium and phosphorus in the body, thus promoting
the increase of blood calcium level and the decrease of
blood phosphorus level. The main target organs of PTH
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are bone and kidney. By mobilizing calcium in bone
into the blood, PTH promotes the reabsorption of cal-
cium ions and phosphate excretion of renal tubules, thus
increasing the blood calcium concentration and reducing
the blood phosphorus concentration [15]. Based on the
above view, some studies have suggested that the secre-
tion of PTH is mainly regulated by the concentration of
calcium ions in plasma. The secretion of PTH is inhib-
ited when the serum calcium concentration increases,
and decreased serum calcium concentration stimulates
the secretion of PTH [16]. Excessive secretion of PTH
can lead to hyperparathyroidism, increase of blood cal-
cium, secondary osteoporosis, urinary stone and other
diseases. It is well known that bone mineral density is
the main indicator of osteoporosis, and IGF-1 is the
main regulatory factor in the process of bone remodel-
ing. Therefore, some studies suggested that bone mineral
density and IGF-1 were closely related [17]. IGF-1 can
exert similar effects to insulin metabolism and mito-
sis by autocrine, endocrine, paracrine and other means,
thus stimulating the proliferation and differentiation of
chondrocytes. The decrease of IGF-1 level will lead to the
reduction of osteoblasts, which will inhibit bone forma-
tion and increase the probability of OS [18].

This present study exhibited that the content of BGP,
TPINP, B-CTX and PTH were markedly higher and
the level of IGF-1 was sharply in the observation group
than the control group. Multivariate Logistic regression
analysis proved that the elevated content of BGP, TPIND,
B-CTX and PTH, and the decreased expression of IGF-1
were risk factors for OS fractures in the elderly. These
above results were consistent with the previous foreign
and domestic research results, which indirectly indicates
that the above bone metabolism indicators can reflect
the occurrence of osteoporosis [19-21]. However, the
occurrence of OS in the elderly is related to many factors,
and there is still no gold standard to predict the risk of
OS in the elderly. Therefore, this paper speculated that
the predictive value of combined bone metabolism index
was higher than that of single index. The present study
revealed that the sensitivity and specificity of combined
bone metabolism biochemical indicators to predict the
occurrence of OS fractures in the elderly were 91.70%
and 90.50%, respectively. The AUC of combined detec-
tion was 0.976 (95% CI: 0.952-1.000), which was memo-
rably higher than single indicator detection. The above
results confirmed the conjecture in this study, and the
combined prediction provided certain clinical value for
improving the risk of OS fracture in the elderly.

Hip replacement is the main treatment for osteoporosis
fracture. Although certain curative effect is achieved, it
is easy to have infection, pain, re-fracture and other con-
ditions after operation, which has a negative impact on
the prognosis and quality of life of patients. At present,
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many scholars mainly focus on the treatment effect of hip
replacement, but the clinical factors related to the prog-
nosis of osteoporotic fractures have not been unified [20].
Some scholars have proposed that the prognostic nutri-
tional index is an independent risk factor for the elderly
patients with OS after hip replacement, which can pre-
dict the postoperative risk [22—24]. Based on the above
conclusions, the present study speculated that there
existed a certain correlation between bone metabolism
indicators and the prognosis of OS fractures. The reason
is that bone metabolism indicators represent the activ-
ity of osteoblasts or osteoclasts, which reflects the rate
of bone formation or bone absorption. Therefore, bone
condition could be evaluated by detecting bone metabo-
lism indicators. In this study, multivariate logistic regres-
sion analysis proved that fracture history, BGP, TPINP,
B-CTX, PTH and IGF-1 were independent risk factors
which affect the poor prognosis of senile osteoporosis
fracture, indicating that there existed a certain relation-
ship between bone metabolism index and the early prog-
nosis of senile OS fracture. However, due to the small
sample size and short time for pathological selection, this
study still has some limitations. At the same time, due to
the lack of reference studies, the results of this study have
not been fully applied to clinical practice, and need fur-
ther discussion and demonstration.

To sum up, the innovation of this paper is to reveal
the diagnostic value of single and combined detection
of bone metabolism biochemical indicators by analyz-
ing the correlation between bone metabolism biochemi-
cal indicators and the occurrence of senile OS fractures
and the risk factors of poor prognosis. Due to the limited
samples size included in the study and the research time,
the most accurate threshold has not yet been proposed,
and further research is needed to predict the risk of OS
fracture in the elderly. At the same time, previous stud-
ies suggested that drinking and smoking could affect the
incidence of OS, but this present study failed to reach the
results supporting this conclusion, and more related stud-
ies need to further demonstrate. However, the combined
detection of bone metabolism biochemical indicators
improves the diagnostic value of predicting the risk of
OS fracture in the elderly, and provides certain accuracy
for future research. Biochemical indexes of bone metab-
olism are closely related to the early prognosis of senile
OS fracture. Biochemical indicators of bone metabolism
have great potential in predicting fracture, diagnosis and
classification, and monitoring curative effect.
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