
Introduction

Osteoporosis is a multifactorial polygenic disease, asso-

ciated with low systemic bone mass, bone structure dam-

age, reduced bone strength, and increased fracture risk [1].

Basic life activities of bone tissue are the process of bone

remodeling, including bone resorption and bone formation.

Bone remodeling accompanied during a person’s life, with

osteoclasts and osteoblasts together complete the update

process of bone tissue, that is, bone degradation and an

equal amount of new bone to replace [2, 3]. Bone remod-

eling is in a dynamic equilibrium under normal circum-

stances. When bone resorption is greater than bone

formation, osteopenia or even osteoporosis will occur.

Bone remodeling is affected by many hormones, cellular

and humoral factors, and cell metabolites. These hormones

and factors play a role in bone metabolic regulation through

the promotion or suppression of the development of os-

teoblasts and osteoclasts, and enhance or inhibit the activ-

ity of osteoblasts and osteoclast [4].

At present, domestic and international studies have

shown that osteoblasts and osteoclasts metabolic prod-

uct, cytokines and humoral factors, and bone metabolism

regulating hormones can be detected by biochemical de-

tection technique. Previous domestic and international

studies have reported the research result of different

races, different ages, and different regions of bone me-

tabolism markers [5-7], but are insufficient study indica-

tors, due to the small sample size and the lack of a

comparative study of the different age groups. In this

study, the relevance of PTH, 25 (OH) D3, CT, CTX-1,

TRACP, BGP, and BALP with the femoral neck BMD in

females 35-79 years of age of Han nationality from

Changchun were researched, and the correlation of bone

metabolism markers in 860 cases of women of different

age groups with bone mineral density were analysed. The

authors’ purpose is to investigate the laws of bone me-

tabolism markers and BMD changes and to prove its sig-

nificance in the diagnosis of osteoporosis.

Materials and Methods

Subjects
The study included 860 cases of 35 to79-year-old Han women

in Jilin Province, including teachers, workers, cadres, service in-

dustry workers, and retired. Acute and chronic liver and kidney

disease, diabetes, hyperparathyroidism, hypothyroidism, hyper-

thyroidism, hypothyroidism, and cancer and chemotherapy and
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radiotherapy patients were excluded. This study was conducted

in accordance with the declaration of Helsinki. This study was

conducted with approval from the Ethics Committee of Jilin Uni-

versity. Written informed consent was obtained from all partici-

pants.

Detection method
Enzyme immunoassay analyzer was used to detect PTH, 25

(OH) D3, CT, CTX-1, TRACP, BGP, and BALP, and femoral neck

BMD was measured by a bone mineral density detector.

Statistical analysis
SPSS13.0 software was applicated for statistical analysis of cal-

cium and phosphorus metabolism regulation indicators, bone me-

tabolism markers and BMD measurements of 860 cases, the

relevance of calcium and phosphorus metabolism regulation in-

dicators, and bone metabolism markers with BMD were analysed

using linear correlation analysis. A p < 0.05 was considered sta-

tistically significant.

Results

The measured values of PTH, 25 (OH) D3, and CT

showed no differences in 35-50 age group. The measured

values of 25 (OH) D3 began to decline after the age of

50, and 25 (OH) D3 had positive relevance with BMD.

The measured values of CT was decreased in the age

groups from 65 to 79 years old, and was significant pos-

itively correlated with BMD. The CTX-1, TRACP had

negative relevance with BMD in 35-45 age group and

BGP and BALP had positive relevance with BMD in 35-

45 age group. BGP and  BALP increased significantly in

50-60 age group, and CTX-1, TRACP, BGP, and BALP

had negative relevance with BMD in 50-60 age group.

BGP and BALP began to decline and had positive rele-

vance with BMD after the age of 65, and CTX-1 and

TRACP had negative relevance with BMD after the age

of 65. The results of bone metabolism indicators and

BMD of 860 female cases (g/cm2) are shown in Table 1.

The results of calcium and phosphorus metabolism reg-

Table 1. — The measurement results of bone metabolism indicators and BMD in 860 cases of female.
Age(years) N CTX-1(pg/L) TRACP(ug/L) BGP(pg/ml) BALP(pg/ml) BMD(g/m2)

35~39 59 0.42±0.36 2.04±1.23 15.01±7.51 14.07±5.42 0.605±0.068

40~44 66 0.39±0.52 2.01±1.14 16.14±7.29 16.07±4.95 0.594±0.056

45~49 72 0.38±0.42 2.09±1.21 15.07±6.75 15.05±6.04 0.591±0.048

50~54 80 0.46±0.41 2.65±1.51 13.57±7.52 17.60±7.85 0.590±0.082

55~59 85 0.71±0.42 3.01±2.54 14.81±5.28 19.65±7.14 0.547±0.082

60~64 90 0.61±0.58 3.00±2.81 11.09±6.05 18.31±8.92 0.512±0.085

65~69 164 0.61±0.59 2.55±2.12 11.00±7.01 16.03±6.41 0.473±0.086

70~74 145 0.61±0.60 2.41±2.07 10.81±6.77 15.68±7.03 0.440±0.079

75~79 73 0.61±0.61 2.32±2.04 10.48±6.54 15.23±5.59 0.417±0.088

Table 2. — The measurement results of calcium and phosphorus metabolism regulation indicators and BMD in 860 female
cases.
Age (years) N PTH (U/l) 25(OH)D3 (µg/ l) CT (pg/ml) BMD (g/m2)

35~39 59 41.72 ± 38.52 57.47 ± 34.72 2.38 ± 1.59 0.605 ± 0.068

40~44 66 42.22 ± 41.50 54.32 ± 42.92 2.40 ± 2.01 0.594 ± 0.056

45~49 72 42.92 ± 46.56 51.23 ± 29.68 2.41 ± 1.57 0.591 ± 0.048

50~54 80 41.29 ± 35.34 46.35 ± 35.26 2.45 ± 1.29 0.590 ± 0.082

55~59 85 47.63 ± 35.96 48.69 ± 35.85 2.62 ± 1.61 0.547 ± 0.082

60~64 90 45.56 ± 40.21 44.86 ± 38.21 2.79 ± 1.35 0.512 ± 0.085

65~69 164 45.23 ± 42.13 44.26 ± 36.72 2.18 ± 1.54 0.473 ± 0.086

70~74 145 46.12 ± 43.15 41.48 ± 36.73 2.14 ± 1.21 0.440 ± 0.079

75~79 73 43.72 ± 35.16 41.26 ± 39.45 2.11 ± 1.29 0.417 ± 0.088

Table 3. — The study on the relevance of bone metabolism
indicators with BMD in females of different age groups.
Group Varible CTX-1 TRACP BGP BALP

(pg/l) (ug/l) (pg/ml) (pg/ml)

35-45 age r -0.317 -0.261 0.374 0.703

P 0.012* 0.004* 0.010* 0.000*

50-60 age r -0.402 -0.274 -0.307 -0.469

P 0.016* 0.004* 0.010* 0.020*

After 65 age r -0.390 -0.218 0.371 0.698

P 0.012* 0.004* 0.010* 0.000*

*p < 0.05 (the bone metabolism indicators have relevance with BMD in fe-

males of different age groups).

Table 4. — The relevance of calcium and phosphorus me-
tabolism regulation indicators with BMD. 
Variable PTH(U/l) 25(OH)D3 (µg/l) CT (pg/ml)

r -0.455 0.215 0.312

P 0.014* 0.021* 0.001*

*p < 0.05 (the calcium and phosphorus metabolism regulation indicators have

relevance with BMD).
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ulation indicators and BMD of 860 female cases (g/cm2)

are shown in Table 2. The study on the relevance of bone

metabolism indicators with BMD in 35-45 age group in

female are shown in Table 3. The study on the relevance

of bone metabolism indicators with BMD in 50-60 age

group are shown in Table 3. The study on the relevance

of bone metabolism indicators with BMD after the age

of 65 are shown in Table 3. The study on the relevance of

calcium and phosphorus metabolism regulation indica-

tors with BMD are shown in Table 4.

Discussion

The body maintains calcium and phosphorus metabolism

homeostasis under the fine-tuning of PTH, 25 (OH) D3,

and CT.

PTH is a kind of straight-chain polypeptide hormone con-

sisting of 84 amino acids, synthesized and secreted by

parathyroid cells. The main role is to increase bone calcium

absorption and to reduce urinary calcium excretion. CT is a

peptide hormone consisting of 32 amino acids and is secreted

by thyroid C cells. Its main role is to inhibit bone resorption,

reduce kidney reabsorption of calcium and phosphorus, and

lower calcium in blood. 25 (OH) D3 is necessary for ab-

sorption of intestinal calcium and phosphorus and bone min-

eralization. Under physiological conditions, 25 (OH) D3 can

stimulate the activity of osteoblasts and promote the forma-

tion of bone matrix. Large doses of 25 (OH) D3 are an acti-

vating factor of osteoclasts [8]. Studies have shown that the

levels of 25 (OH) D3 decreased and the levels of PTH in-

creased when age-related osteoporosis occurred, in order to

regulate the metabolism of 25 (OH) D3 [9]. This study

showed that the measured values of 25 (OH) D3 significantly

decreased in the 65 -79 age group, and had positively corre-

lated with BMD (p < 0.05). PTH increased slightly in the

same age group, the difference was not significant. The lev-

els of CT reduction appeared in the age of 65 -79 age group,

and had positive correlation with BMD (p < 0.05). The

changes of PTH, 25 (OH) D3, and CT had no differences be-

tween the sexes.

CTX-1 and TRACP are important biochemical parameters

reflecting bone resorption. The quality of bone is decided by

bone microstructure, bone metabolism transformation, the

degree of bone mineralization and bone collagen, and bone

matrix nature [10]. CTX-1 are specific indicators to reflect

the type I collagen decomposition. When the type I collagen

structure, content, and stability is abnormal, it will result that

bone turnover is accelerated and the peptide fragments of

type I collagen are degradated into the blood, the CTX-1 lev-

els in blood can be significantly increased [11]. TRACP is

released by osteoclasts, increasing the activity of osteoclasts

[12]. The authors’ previous studies have shown that BGP and

BALP levels of 791 cases of Han population of 50 to 59-

year-old females was significantly higher than in males,

TRACP and CTX-1 was negatively related with BMD,

TRACP and CTX-1 reflects both the status of bone resorp-

tion and bone turnover. Obrant et al. [13] found that serum

TRACP was significantly elevated in women with osteo-

porotic fractures. This study shows that BMD of 35 to 45-

year-old females was higher than the 50 to 79 age group.

CTX-1 and TRACP of 50 to 79-year-old females was sig-

nificantly higher than other age groups of women, was neg-

atively correlated with BMD, and consistent with domestic

and foreign reports [11-13]. 

Bone is metabolism living tissue, osteoclasts continue to

absorb old bone, and osteoblasts continue to form new bone

bone, jointly completing bone remodeling. BALP and BGP

are important biochemical parameters that reflect bone for-

mation. BGP is the most abundant non-collagen protein in

the bone tissue, composed of 49 amino acids, its physio-

logical function is to maintain bone mineralization rate, in-

hibit the formation of the carboxyl apatite crystallization.

The Owe Löfman et al. [14] found that BGP of 1-15 years

postmenopausal women continues to rise and that of 65 to

80-year-olds decreased to a low level. Research has shown

that osteocalcin is involved in bone remodeling via a neg-

ative feedback mechanism [15]. Serum BALP exists in

multiple homodimeric forms, 50% from bone, which is se-

creted by osteoblast and is closely related with bone for-

mation and bone mineralization [16]. This study shows that

BGP and BALP levels of 50 to 64-year-olds was signifi-

cantly higher than other age groups and negatively with

BMD; Gomesz et al. [17] reported the same results. The

study also showed that the BALP and BGP levels of women

after the age of 65 began to decline and reached the same

conclusion with Gomesz et al. Proven that bone metabo-

lism of 1-15 years postmenopausal women was in a high

conversion state, after the age of 65, bone resorption and

bone formation were reduced gradually to enter the low

conversion state [17, 18]. 

In summary, jointly using calcium and phosphorus me-

tabolism regulation indicators, bone metabolic markers,

and BMD in the diagnosis of osteoporosis is superior than

BMD diagnosis independently. PTH, 25 (OH) D3, CT,

CTX-1, TRACP, BGP, and BALP have an effect on bone

quality via interactive process of bone metabolism, and are

important association with BMD, and the basis of molecu-

lar biology for the early and differential diagnosess of os-

teoporosis [9, 19-21]. They not only have an important

clinical value on osteoporosis prevention and treatment, but

can also be used as important technical means for the eval-

uation of drug treatment and screening for population at

high risk of osteoporosis. 
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