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ORIGINAL STUDY

Declining serum bone turnover markers are associated with the short-
term positive change of lumbar spine bone mineral density in
postmenopausal women
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Abstract
Objective: While serum bone turnover markers (BTMs) and bone mineral density (BMD) have been confirmed

as useable risk assessment tools for postmenopausal osteoporosis, the associations between BTMs and BMD
changes are still ambiguous. The aim of this study was to explore the underlying associations between BTMs and
BMD changes in postmenopausal women.

Methods: Between January 2015 and October 2020, 135 postmenopausal women were retrospectively enrolled.
They were divided into two groups according to lumbar spine (LS) 1-4 BMD change (1 y T-score minus baseline T-
score, Group 1 [n¼ 36]< 0 and Group 2 [n¼ 99] � 0). The changes of BTMs (N-terminal middle segment
osteocalcin [N-MID], propeptide of type I procollagen [P1NP], and b-C-terminal telopeptide of type I collagen [b-
CTX]) and their associations with LS 1-4 BMD change were analyzed. The biochemical indices and clinical
parameters related with LS 1-4 BMD change were also evaluated.

Results: The 1 year N-MID, P1NP, b-CTX and Phosphorus in Group 2 were lower than those in Group 1
(P< 0.05), their changes within 1 year were significantly negatively correlated with LS 1-4 BMD change (R2¼ –
0.200, P< 0.001; R2¼ –0.230, P< 0.001; R2¼ –0.186, P< 0.001; R2¼ –0.044, P¼ 0.015; respectively). Except
for the Phosphorus change (area under the curve [AUC]¼ 0.623), the changes of N-MID, P1NP, and b-CTX and
their 1 year levels had similar AUC to diagnose the short-term LS 1-4 BMD change (AUC > 0.7 for all, with the
AUC of 1 y P1NP being the largest at 0.803). Binary logistic regression analysis showed that the physical activity
and drug intervention were the determinant factors for the LS 1-4 BMD change (odds ratio¼ 6.856, 95% confidence
interval: 2.058-22.839, P¼ 0.002; odds ratio ¼ 5.114, 95% confidence interval: 1.551-16.864, P¼ 0.007; respec-
tively).

Conclusions: Declining N-MID, P1NP, b-CTX, and Phosphorus are associated with the short-term increase of
LS 1-4 BMD within 1 year. Physical activity and drug intervention are factors significantly influencing the change of
LS 1-4 BMD in postmenopausal women.

Key Words: Bone mineral density – Bone turnover marker – Drug intervention – Osteoporosis – Physical
activity – Postmenopausal women.
E
strogen withdrawal is considered to be an important
cause of accelerated bone turnover and subsequent
osteoporosis in postmenopausal women.1 Recent

studies have reported that the prevalence of osteoporosis
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among Chinese women over 50 years of age has reached
29.1%, equating to 49 million women.2 Osteoporotic fracture
(OF) is an endpoint of postmenopausal osteoporosis (PMOP).
By 2050, it is estimated that $25.4 billion will be spent
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annually on the treatment of OF.3 The COVID-19 pandemic
has certainly worsened this reality.4 With the increase in
medical costs and disability and mortality rates, tremendous
pressure and unprecedented challenges are put on the clinical
and public health system. Therefore, it is particularly impor-
tant to study bone mineral density (BMD) changes in post-
menopausal women and take timely intervention measures to
minimize the harm of PMOP to human health.

BMD measured by dual-energy X-ray absorptiometry
(DXA) is an international method for the clinical evaluation
of bone mass. The heritability of BMD ranges from 0.50 to 0.85,
which could be used to predict osteoporosis and assess the risk
of OF.5,6 Baseline BMD before treatment provides a reference
for the occurrence and severity of PMOP, whereas serial BMD
measurements offer supporting evidence for monitoring bone
mass change and formulating treatment measures. However,
according to the 2013 International Osteoporosis Foundation
Asia Pacific Audit report, there is less than 1 DXA system per
million people in China.7 This means that people who have
received a baseline BMD assessment are likely forced to
interrupt subsequent evaluations. Meanwhile, due to the small
gap in the identification of subsequent BMD changes and OF,
the value of serial BMD monitoring within specific populations
is met with skepticism.8,9

Serum bone turnover markers (BTMs) are ideal noninvasive
biomarkers reflecting the state of bone metabolism. They are
relatively stable in body fluids and can be easily detected by
existing quantitative techniques. Compared to BMD, BTMs
can directly reflect the change in bone metabolism and an
individual’s response to treatment before bone morphological
change.10,11 Some studies have shown that increased levels of
certain BTMs are significantly associated with declining lum-
bar BMD in older women12 and may even indicate a high risk of
subsequent OF,13 whereas a decline in BTMs posttreatment
reduces the incidence of such adverse events.14

Despite the value of BTMs and BMD in the evaluation of
bone health having been well demonstrated in previous inves-
tigations, only limited cross-sectional studies have shown the
correlations between them. More evidence is needed to clarify
the association between the changes of BTMs and BMD
relative to an initial baseline assessment in postmenopausal
women. Such studies will provide a theoretical basis for
clinicians to better evaluate bone mass based on BTMs, espe-
cially in situations where BMD results are not available. The
aim of this study was to explore the underlying associations
between BTMs and BMD in postmenopausal women.

METHODS

Participant
This study was a retrospective study and approved by the

Ethics Committee of the First Affiliated Hospital of Sun Yat-
sen University (No. [2020]150). It included Chinese post-
menopausal women who were examined by DXA at our
hospital and followed up for approximately 1 year between
January 2015 and October 2020. Clinical data were obtained
336 Menopause, Vol. 29, No. 3, 2022
from the outpatient or inpatient Electronic Medical Record of
the First Affiliated Hospital of Sun Yat-sen University. The
baseline and subsequent follow-up data included: (1) age; (2)
height; (3) weight; (4) menopausal duration; (5) drug inter-
vention records; (6) lifestyle; (7) BMD; and (8) serum BTMs
and biochemical indices, including 25-hydroxy vitamin D
(25[OH]D), N-terminal middle segment osteocalcin (N-
MID), propeptide of type I procollagen (P1NP), b-C-terminal
telopeptide of type I collagen (b-CTX), uric acid (UA),
alkaline phosphatase (ALP), Calcium, Phosphorus, Magne-
sium, acid phosphatase (ACP), nonprostatic acid phosphatase
(NACP), and prostatic acid phosphatase (PACP). Body mass
index was also calculated (kg/m2).

The inclusion criteria were: (1) age of�50 years; (2) meno-
pausal duration of �1 year; and (3) complete clinical data.

The exclusion criteria were: (1) any co-morbidity that could
significantly affect bone metabolism, eg, thyroid disease,
diabetes, cancer, kidney disease, and ankylosing spondylitis;
(2) OF occurrence in the past or during the follow-up period;
(3) previous treatment with anti-osteoporosis drugs; (4) pre-
vious treatment with hormones, eg, estrogen or glucocorti-
coid; or (5) a stop or change in treatment and lifestyle during
the follow-up period.

A flowchart of the participant selection is showed in
Supplemental Digital Content Figure 1, http://links.lww.
com/MENO/A882.

BMD assessment and grouping
The BMD (g/cm2) and T-score were recorded for all selected

participants at the lumbar spine (LS) 1-4, total hip (TH), and
femoral neck (FN) using a Lunar iDXA dual-energy X-ray
absorptiometer (GE Healthcare, Chicago, IL). Before use, the
device was calibrated according to the manufacturer’s standard
procedures, and all measurements were performed per the
manufacturer’s recommendations. The coefficients of variation
(CVs) of BMD measurements of the LS 1-4, TH, and FN were
0.8%, 0.8%, and 1.4%, respectively. The participants were
divided into two groups according to the difference of the T-
scores of LS 1-4 (difference¼ 1 y T-score – baseline T-score):
Group 1 with difference < 0 and Group 2 with difference � 0.

Biochemical and immunological analysis
Blood samples were obtained in the morning via the ante-

cubital vein of participants (after fasting for�8 h) and were sent
to the department laboratory within 3 hours for postprocessing.
The analyzers were calibrated daily before the analysis of all
serum samples using quality control standards provided by
the manufacturers. Quantitative analysis of serum UA, ALP,
Calcium, Phosphorus, Magnesium, ACP, NACP, and PACP
was carried out using an AU5800 automatic biochemistry
analyzer and its corresponding reagents (Beckman Coulter,
Pasadena, CA), with intra- and inter-assay CVs ranging from
0.5% to 4.9%. The levels of serum 25(OH)D, N-MID, P1NP,
and b-CTX were measured using a Cobas 6000 analyzer series
and its corresponding reagents (Roche, Basel, Switzerland),
with intra- and inter-assay CVs ranging from 0.6% to 4.3%.
� 2022 The Author(s)
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CORRELATION BETWEEN BTMS AND LS BMD CHANGE
Classification of lifestyles
Smoking behavior, alcohol intake, and physical activity

in daily life were included to describe the difference in
lifestyle between the two groups. Concerning smoking
behavior and alcohol intake, ‘‘Never’’ referred to no smok-
ing or drinking during the follow-up period, whereas ‘‘Past
and present’’ referred to smoking or drinking during the
follow-up period, even if only once. ‘‘Cannot meet daily
needs’’ referred to movement inadequate to meet the needs
of daily life (shopping, climbing stairs, or exercising),
whereas ‘‘Normal activity’’ referred to adequate movement
to meet these needs.

Clinical drug intervention
The choices of drugs used for treatment were made by

doctors depending on the person’s disease type, age, stage of
disease, and adverse drug reaction. The drug types and doses
in this study were as follows: (1) calcium carbonate and
vitamin D3 Tablets (calcium, 600 mg; vitamin D3, 125IU):
one tablet once a day; (2) calcitriol soft capsules (calcitriol,
0.25 mg): one capsule two times a day; (3) alendronate
sodium and vitamin D3 tablets (Ale; alendronic acid,
70 mg; vitamin D3, 2800IU): one tablet once a week; and
(4) zoledronic acid injection (Zol; zoledronic acid, 5 mg): one
bottle once a year. Among them, the former two were
classified as basic drugs (Bd) in the treatment of PMOP,
whereas the latter two were classified as antiresorptive drugs
(inhibiting bone absorption).

Statistical analysis
SPSS software (version 22, IBM, Armonk, New York, NY)

was used for data analysis. Continuous variables are presented
as mean� standard deviation. Comparisons between the two
TABLE 1. Baseline characteristics of general clinical data,

Variable Reference Range Group 1 (n

Age (y) - 65.3� 8.
BMI (kg/m2) - 22.1� 2.
Menopausal duration (y) - 13.2� 8.
Follow-up time (mo) - 12.5� 1.
LS 1-4 BMD (g/cm2) - 0.964� 0.
TH BMD (g/cm2) - 0.825� 0.
FN BMD (g/cm2) - 0.749� 0.
25(OH)D (ng/mL) >25 29.9� 13
N-MID (ng/mL) 14-46 15.70� 6.
P1NP (ng/mL) 0.00-36.40 36.22� 18
b-CTX (ng/mL) �1.008 0.306� 0.
UA (mmol/L) 140-360 319.9� 80
ALP (U/L) 0-110 69.2� 14
Calcium (mmol/L) 2.10-2.60 2.31� 0.
Phosphorus (mmol/L) 0.97-1.62 1.12� 0.
Magnesium (mmol/L) 0.70-1.10 0.90� 0.
ACP (U/L) 0.00-10.00 7.9� 2.
NACP (U/L) 0.00-6.50 4.3� 1.
PACP (U/L) 0.00-3.50 3.7� 0.

Data are presented as mean� standard deviation. All P values were calculated w
significant difference (highlighted in bold). - indicates none.
ACP, acid phosphatase; ALP, alkaline phosphatase; b-CTX, b-C-terminal telope
hydroxy vitamin D; BMI, body mass index; BTMs, bone turnover markers; FN,
N-MID, N-terminal middle segment osteocalcin; PACP, prostatic acid phosphata
groups were made via an independent samples t test. The
paired t test was used for the comparison of baseline and
1 year follow-up data within groups. The chi-square test was
used to compare the gap in lifestyle and treatment between the
two groups. The correlations between clinical parameters and
LS 1-4 BMD change of 135 participants were analyzed.
Normality was tested with the Shapiro-Wilk normality test
and Spearman correlations were used, instead of Pearson, if
data were not normal. The correlation coefficient was
expressed by the linear regression coefficient (R2). The
receiver operating characteristic (ROC) curve was con-
structed to evaluate the diagnostic effectiveness of the
selected variable for BMD change. The area under the curve
(AUC) was used as an accuracy index for evaluating the
diagnostic performance of the variable. Diagnostic parame-
ters, such as sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and diagnostic effi-
ciency (DE), were calculated for each diagnostic method.15

The Kappa value was determined to assess the extent of
consistency. Kappa values <0.40, 0.41-0.60, 0.61-0.80, and
>0.80 were considered as fair, moderate, substantial, and
near-perfect agreement, respectively.16 Binary logistic regres-
sion was used to evaluate the influence factors of LS 1-4 BMD
change. Collinearity diagnostics were examined for potential
presence of collinearity between independent variables.
P < 0.05 was considered a statistically significant difference.

RESULTS

Participant demographic and clinical characteristics
A total of 135 participants were enrolled, involving 36 women

in Group 1 (26.7%) and 99 women in Group 2 (73.3%), and the
average follow-up period was 12.3� 1.5 months. Table 1 shows
serum BTMs, and biochemical indices in the two groups

¼ 36) Group 2 (n¼ 99) t P

5 66.9� 8.3 �0.951 0.344
9 22.9� 3.7 �1.189 0.237
2 14.7� 8.2 �0.071 0.944
8 12.2� 1.4 0.841 0.404
184 0.884� 0.163 2.430 0.016
123 0.764� 0.123 2.537 0.012
106 0.703� 0.114 2.132 0.035
.1 26.8� 8.2 1.326 0.191

86 17.23� 8.03 �1.013 0.313
.80 39.13� 21.20 �0.726 0.469

212 0.329� 0.232 �0.533 0.595
.2 322.0� 68.8 �0.149 0.882
.0 74.5� 19.9 –1.470 0.144

10 2.28� 0.11 1.576 0.118
13 1.13� 0.15 �0.287 0.774
07 0.88� 0.08 1.669 0.097
0 8.1� 1.9 �0.712 0.477
0 4.4� 1.0 �0.210 0.834
7 3.8� 0.9 �0.333 0.739

ith the t test. P value< 0.05 was considered to indicate a statistically

ptide of type I collagen; BMD, bone mineral density; 25(OH)D, 25-
femoral neck; LS, lumbar spine; NACP, non-prostatic acid phosphatase;
se; P1NP, propeptide of type I procollagen; TH, total hip; UA, uric acid.
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TABLE 2. Comparison of the lifestyles and drug interventions of the two groups within 1 year follow-up

Variable Group 1 (n¼ 36) Group 2 (n¼ 99) x2 P

Lifestyle
Smoking behavior
Nevera 23 (63.9) 80 (80.8) 4.179 0.041
Past and presentb 13 (36.1) 19 (19.2)

Alcohol intake
Neverc 17 (47.2) 73 (73.7) 8.352 0.004
Past and presentd 19 (52.8) 26 (26.3)

Physical activity
Cannot meet daily needse 20 (55.6) 18 (18.2) 18.233 < 0.001
Normal activityf 16 (44.4) 81 (81.8)

Treatment
None or basic drugs 21 (58.3) 23 (23.2) 14.805 < 0.001
Antiresorptive drugs with/without basic drugs 15 (41.7) 76 (76.8)

Data are presented as n (%). All P values were calculated with the chi-square test. P value< 0.05 was considered to indicate a statistically significant
difference (highlighted in bold).
areferred to no smoking during the follow-up period.
breferred to smoking during the follow-up period, even if only once.
creferred to no drinking during the follow-up period.
dreferred to drinking during the follow-up period, even if only once.
ereferred to movement inadequate to meet the needs of daily life (shopping, climbing stairs, or exercising).
freferred to adequate movement to meet the daily needs.

FIG. 1. The constituent ratios of different drug interventions in the two
groups. Nt, no treatment; Bd, basic drugs (calcium carbonate and vitamin
D3 tablets þ calcitriol soft capsules); Ale, alendronate sodium and
vitamin D3 tablets; Bd þ Ale, alendronate sodium and vitamin D3
tablets þ basic drugs; Zol, zoledronic acid injection; Bd þ Zol, zole-
dronic acid injection þ basic drugs.

ZHAO ET AL
the baseline characteristics of the two groups. There were no
statistically significant differences in age, body mass index,
menopausal duration, and follow-up time between the two
groups (P > 0.05). The baseline BTMs and biochemical indices
were all within the normal reference ranges and also showed no
statistically significant difference (P > 0.05). This means that the
variables included in the comparison are comparable. The
baseline BMD of LS 1-4, TH, and FN in Group 1 was signifi-
cantly higher than those in Group 2 (P < 0.05).

The differences in lifestyle and drug intervention between
the two groups

The rates of smoking and drinking in Group 1 (36.1% and
52.8%, respectively) were higher than those in Group 2
(19.2% and 26.3%, respectively), whereas the normal physi-
cal activity rate in Group 1 was lower than that in Group 2
(44.4% vs 81.8%), and both of these differences were statisti-
cally significant (P < 0.05). Concerning treatments, compared
to Group 2, untreated women or those treated with Bds alone
accounted for a greater proportion in Group 1 (58.3%), and the
number of women treated with antiresorptive drugs with or
without Bds in Group 2 was nearly double that in Group 1
(76.8% vs 41.7%). The treatment composition of the partic-
ipants in the two groups showed a significant difference
(P < 0.001; Table 2).

The details of drug intervention between the two groups
More details of the drug intervention are shown in Fig. 1.

Compared to Group 1 (13.9%, 11.1%, and 8.3%, respec-
tively), the usage rates of Bd þ Zol, Bd þ Ale, and Zol
were higher in Group 2 (27.3%, 25.3%, and 21.2%, respec-
tively). However, the rates of no treatment (Nt), Bd use, and
Ale use were lower in Group 2 (2.0%, 21.2%, and 3.0%,
respectively) than in Group 1 (13.9%, 44.4%, and 8.3%,
respectively).
338 Menopause, Vol. 29, No. 3, 2022
The differences in the levels of the BTMs, biochemical
indices, and BMD at 1 year follow-up between the two
groups

At 1 year follow-up, the levels of N-MID (16.61� 6.54 vs
11.98� 3.36 ng/mL), P1NP (39.98� 23.51 vs 22.49� 8.73 ng/
mL), b-CTX (0.351� 0.261 vs 0.168� 0.075 ng/mL), and
Phosphorus (1.13� 0.15 vs 1.06� 0.15 mmol/L) were signifi-
cantly higher in Group 1 than in Group 2 (P < 0.05). No signifi-
cant differences were observed in the 25(OH)D (31.0� 12.4 vs
30.0� 9.3 ng/mL), UA (323.9� 75.7 vs 328.2� 72.6 mmol/L),
ALP (68.7� 12.7 vs 65.6� 14.1 U/L), Calcium (2.27� 0.11 vs
2.25� 0.11 mmol/L), Magnesium (0.87� 0.08 vs 0.87�
0.08 mmol/L), ACP (8.2� 1.5 vs 8.0� 1.4 U/L), NACP (4.3�
0.8vs4.2� 0.8 U/L),andPACP(3.9� 0.8vs3.8� 0.6 U/L)levels
� 2022 The Author(s)



FIG. 2. Comparison of the differences in N-MID, P1NP, b-CTX, Phosphorus, and BMD at 1 year follow-up between the two groups. All P values were
calculated with the t test. ns, not significant. � P< 0.05. �� P< 0.01. b-CTX, b-C-terminal telopeptide of type I collagen; BMD, bone mineral density;
FN, femoral neck; LS, lumbar spine; N-MID, N-terminal middle segment osteocalcin; P1NP, propeptide of type I procollagen; TH, total hip.

TABLE 3. Correlation analysis of the correlations between BTMs,
lifestyle, treatment, and LS 1-4 BMD changea

LS 1-4 BMD change

Variable R2 P

1 y N-NID �0.069 0.002
N-NID change �0.200 < 0.001
1 y P1NP �0.167 < 0.001
P1NP change �0.230 < 0.001
1 y b-CTX �0.116 < 0.001
b-CTX change �0.186 < 0.001
1 y Phosphorus �0.002 0.626
Phosphorus change �0.044 0.015
Smoking behavior �0.019 0.112
Alcohol intake �0.039 0.021
Physical activity 0.090 < 0.001
Treatment 0.134 < 0.001

All P values were calculated with the Pearson or Spearman correlation
analysis. P value< 0.05 was considered to indicate a statistically
significant difference (highlighted in bold).
BMD, bone mineral density; BTMs, bone turnover markers; b -CTX,
b -C-terminal telopeptide of type I collagen; LS, lumbar spine; N-NID,
N-terminal middle segment osteocalcin; P1NP, propeptide of type I
procollagen; R2, correlation coefficient.
achange was calculated as the variable value at year follow-up minus the
variable value at baseline.

CORRELATION BETWEEN BTMS AND LS BMD CHANGE
between the two groups (Group 1 vs Group 2; P > 0.05). As
for LS 1-4 (0.929� 0.169 vs 0.921� 0.166 g/cm2) and FN
(0.748� 0.095 vs 0.710� 0.105 g/cm2) BMD, no differences
were evidenced for Group 1 in comparison with Group 2
(P > 0.05). However, the TH BMD in Group 1 was still higher
than that in Group 2 (0.822� 0.117 vs 0.775� 0.120 g/cm2;
P < 0.05; Fig. 2).

The differences in BMD at baseline and 1 year follow-up
There were significant differences in LS 1-4 BMD in both

Group 1 and Group 2 (P < 0.001). For TH BMD, a statistically
significant difference was only seen in Group 2 (P < 0.01).
The difference was nonsignificant in FN BMD in either Group
1 or Group 2 (P > 0.05). The results showed that the BMD in
different sites had almost the same change trend, but different
change degrees (Supplemental Digital Content Table 1, http://
links.lww.com/MENO/A883).

The correlations between BTMs, lifestyle, treatment, and
LS 1-4 BMD change

Table 3 shows the correlations between N-MID, P1NP, b-
CTX, Phosphorus, lifestyle, treatment, and the change in LS 1-4
Menopause, Vol. 29, No. 3, 2022 339
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TABLE 4. Performance characteristics of the single biomarker for diagnosing LS 1-4 BMD change

Variable AUC (95% CI) P
Cut-off
value

Sensitivity
(%, 95% CI)

Specificity
(%, 95% CI)

PPV
(%, 95% CI)

NPV
(%, 95% CI)

Kappa value
(95% CI)

DE
(%, 95% CI)

1 y N-MID (ng/mL) 0.751 (0.669-0.821) < 0.001 13.24 72.7 (62.9-81.2) 72.2 (54.8-85.8) 87.8 (78.7-94.0) 49.1 (35.1-63.2) 0.391 (0.235-0.556) 72.6 (65.1-80.1)
N-MID change (ng/mL) 0.764 (0.684-0.833) < 0.001 �5.65 43.4 (33.5-53.8) 97.2 (85.5-99.9) 97.7 (88.0-99.9) 38.5 (28.4-49.2) 0.274 (0.179-0.379) 57.8 (49.5-66.1)
1 y P1NP (ng/mL) 0.803 (0.726-0.866) < 0.001 33.66 89.9 (82.2-95.0) 58.3 (40.8-74.5) 85.6 (77.3-91.7) 67.7 (48.6-83.3) 0.505 (0.323-0.671) 81.5 (75.0-88.1)
P1NP change (ng/mL) 0.768 (0.688-0.837) < 0.001 �9.12 57.6 (47.2-67.5) 91.7 (77.5-98.2) 95.0 (86.1-99.0) 44.0 (32.5-55.9) 0.366 (0.233-0.498) 66.7 (58.8-74.7)
1 y b-CTX (ng/mL) 0.753 (0.671-0.823) < 0.001 0.238 86.9 (78.6-92.8) 61.1 (43.5-76.9) 86.0 (77.6-92.1) 62.9 (44.9-78.5) 0.484 (0.295-0.639) 80.0 (73.3-86.7)
b-CTX change (ng/mL) 0.753 (0.672-0.823) < 0.001 �0.111 51.5 (41.3-61.7) 86.1 (70.5-95.3) 91.1 (80.4-97.0) 39.2 (28.4-50.9) 0.273 (0.149-0.399) 60.7 (52.5-68.9)
Phosphorus change

(mmol/L)
0.623 (0.536-0.705) 0.029 �0.04 60.6 (50.3-70.3) 63.9 (46.2-79.2) 82.2 (71.5-90.2) 37.1 (25.2-50.3) 0.199 (0.038-0.351) 61.5 (53.3-69.7)

Data are presented as value, value (95% CI) or % (95% CI). P value < 0.05 was considered to indicate a statistically significant difference (highlighted in
bold).
AUC, area under the curve; BMD, bone mineral density; b-CTX, b-C-terminal telopeptide of type I collagen; CI, confidence interval; DE, diagnostic
efficiency; N-NID, N-terminal middle segment osteocalcin; NPV, negative predictive value; PPV, positive predictive value; P1NP, propeptide of type I
procollagen.
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BMD. The changes of BTMs were calculated as the variable
value at 1 year follow-up minus the variable value at baseline.
The results showed that the levels of N-MID, P1NP, and b-
CTX at 1 year follow-up were negatively correlated with
the change of LS 1-4 BMD (R2¼�0.069, P¼ 0.002;
R2¼�0.167, P < 0.001; R2¼�0.116, P < 0.001, respectively).
What’s more, the changes in N-MID, P1NP, b-CTX, and
Phosphorus were negatively correlated with the change
in LS 1-4 BMD (R2¼�0.200, P < 0.001; R2¼�0.230,
P < 0.001; R2¼�0.186, P < 0.001; R2¼�0.044, P¼ 0.015,
respectively), which indicated that an increase in N-MID,
P1NP, b-CTX, or Phosphorus was associated with a decrease
in LS 1-4 BMD within the follow-up.

For lifestyle and treatment, physical activity and drug
intervention were observed to have significant positive cor-
relations with the change of LS 1-4 BMD (R2¼ 0.090,
P < 0.001; R2¼ 0.134, P < 0.001, respectively), while alcohol
intake was negatively correlated with LS 1-4 BMD change
(R2¼�0.039, P¼ 0.021). No correlation between smoking
behavior and LS 1-4 BMD change was observed (R2¼�0.019,
P¼ 0.112).

The performances of the BTMs in diagnosing the change
of LS 1-4 BMD

Receiver operating characteristic curves of N-MID, P1NP,
b-CTX, their changes, and Phosphorus change were shown in
TABLE 5. Binary logistic regression analysis o

Variable b SE

1 y N-MID �0.108 0.108
N-NID change �0.064 0.106
1 y P1NP �0.053 0.041
P1NP change �0.002 0.035
1 y b-CTX �2.662 3.779
b-CTX change �1.524 2.520
Phosphorus change �0.210 1.894
Alcohol intake �0.719 0.591
Physical activity 1.925 0.614
Treatment 1.632 0.609

Data are presented as value, or value (95% CI). P value< 0.05 was considered
BMD, bone mineral density; b, regression coefficient; b-CTX, b-C-terminal tel
N-NID, N-terminal middle segment osteocalcin; OR, odds ratio; P1NP, propepti

340 Menopause, Vol. 29, No. 3, 2022
Supplemental Digital Content Figure 2, http://links.lww.com/
MENO/A884. Among these seven markers, 1 year N-MID,
P1NP, b-CTX and their changes had AUC values larger than
0.7. 1 year P1NP had the highest AUC (0.803, 95% confi-
dence interval [CI]: 0.726-0.866) for the diagnosis of LS 1-4
BMD change. The AUC, cut-off value, sensitivity, specificity,
positive predictive value, negative predictive value, Kappa
value, and diagnostic efficiency for seven markers are
depicted in Table 4.

Binary logistic regression analysis of factors affecting LS
1-4 BMD change

The variables with statistical significance (P < 0.05), as
verified by the independent sample t test (or chi-square test)
and the correlation analysis, were identified as candidate-
independent variables for constructing the binary logistic
regression model. The practical significance and collinearity
problems of candidate independent variables were also taken
into consideration. The results show that the maximum value of
each variance inflation factor is less than 10, showing that the
collinearity between variables is acceptable. The independent
variables like BTMs and their changes, Phosphorus change,
alcohol intake, physical activity, and treatment were included
in the final model (Table 5). Physical activity and treatment
were found to be strong determinant factors for LS 1-4 BMD
change (P < 0.05). Women with more physical activities were
f the factors influencing LS 1-4 BMD change

Wald OR (95% CI) P

0.989 0.898 (0.726-1.110) 0.320
0.360 0.938 (0.762-1.156) 0.548
1.613 0.949 (0.875-1.029) 0.204
0.004 0.998 (0.933-1.068) 0.952
0.496 0.070 (0.000-114.913) 0.481
0.366 0.218 (0.002-30.394) 0.545
0.012 0.811 (0.020-33.181) 0.912
1.478 0.487 (0.153-1.553) 0.224
9.834 6.856 (2.058-22.839) 0.002
7.185 5.114 (1.551-16.864) 0.007

to indicate a statistically significant difference (highlighted in bold).
opeptide of type I collagen; CI, confidence interval; LS, lumbar spine;
de of type I procollagen; SE, standard error.

� 2022 The Author(s)
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found to be 6.856 times more likely to have a positive change of
LS 1-4 BMD than women with less activity (odds ratio¼ 6.856,
95% CI: 2.058-22.839). Meanwhile, women who were treated
with antiresorptive drugs were 5.114 times more likely to have
increased LS 1-4 BMD than those who were untreated or
treated with Bds (odds ratio ¼ 5.114, 95% CI: 1.551-
16.864). Other variables were not the defining factors for the
change of LS 1-4 BMD (P > 0.05).

DISCUSSION
The imbalance of bone metabolism caused by increased

activity of osteoclasts is known as the pathophysiologic basis
of PMOP.1 As reliable indicators of bone health, however, the
relationship between BTMs and BMD changes still lacks the
support of strong evidence, which leads to incomplete under-
standing of PMOP and subsequent treatment-related decision
making. The present study determined the associations
between BTMs and BMD changes and found that declining
N-MID, P1NP, b-CTX, and Phosphorus are significantly
associated with a short-term positive change in LS 1-4
BMD over 1 year. We also studied the differences in smoking,
drinking, and physical activity among women with different
BMD changes (Table 2), and confirmed that appropriate
physical activity is beneficial to the maintenance of and
positive change in BMD (Table 5).17,18 Smoking and drinking
have been also reported to be associated with the impairment
of bone remodeling, and were known risk factors for the
decrease of BMD.19,20 However, in our present study, smok-
ing had an insignificant association with LS 1-4 BMD change,
and the statistical differences of the logistic regression analy-
sis of alcohol intake was not significant either. We speculate
that this contradiction may be caused by the small sample size
and short follow-up period.

Timely drug intervention is an important measure to block
the continuous decline of BMD in postmenopausal women.
Calcium, vitamin D, and calcitriol are considered Bds for this
treatment. However, a significant change in BMD is rarely
observed in patients receiving only Bd treatment, and the total
effective rate is relatively low.21,22,23 Bisphosphonates can
improve BMD by inhibiting the activity of osteoclasts. They
have been on the market for a long time and have reliable
effects.23,24 For patients newly diagnosed with PMOP, anti-
resorptive drugs are recommended before bone-forming
drugs, according to guidelines.25 Therefore, bisphosphonate
drugs have been widely used in China. In the comparison of
drug interventions between the two groups in our study, most
participants receiving no treatment or treatment with Bds
alone showed a decline in BMD. The effect of an antiresorp-
tive polypill alone seems weaker than that combined with Bds
(Fig. 1). This indicates the doses and types insufficient to
prevent and treat PMOP using Bds alone. More interesting is
that the participants with higher baseline LS 1-4 BMD were
more susceptible to suffering a decline in the following year,
which was manifested in an overall decline in BMD of the LS
L1-4, TH, and FN. Those women with lower baseline BMD
often experienced an increase in BMD within 1 year. This
phenomenon may be attributed to low awareness, untimely
medical measures taken, and unhealthy life habits in the
populations with high initial BMD. Although the result is
not convincing enough to change current treatment strategy, it
emphasizes the importance of periodic risk assessment and
possible medical interventions to take in advance for this
population, because this population is more likely to suffer a
decline in BMD within 1 year after initial diagnosis.11,26

Vitamin D plays an important role in promoting calcium
absorption, maintaining calcium homeostasis, inhibiting oste-
oclast formation, and promoting bone mineralization.27

Recent studies have shown that vitamin D can significantly
downregulate the cellular response to TNF-a and IL-6,28

which have been proved to be closely related to the develop-
ment of PMOP.29 25(OH)D is the main form of vitamin D
stored in the body and can be measured to reflect its overall
level. Al-Daghri et al30 pointed out that the correlation
between 25(OH)D and sex steroid indices may be an impor-
tant mechanism affecting BMD in postmenopausal women. In
this study, although there was no significant difference in the
baseline and 1-year 25(OH)D levels between the two groups,
the 1-year 25(OH)D level in Group 2 was significantly higher
than the baseline level, confirming that 25(OH)D may play a
positive role in the improvement of BMD.

N-MID is the hydrolytic fragment of osteocalcin secreted
by osteoblasts and can be used to reflect the process of bone
formation. Since it can also be released from the bone matrix
during bone resorption, its accuracy as a marker of bone
formation remains controversial.26,31 In the present study, the
1 year N-MID in Group 2 was lower than that in Group 1
(Fig. 2), and lower than the baseline level in Group 2 as well
(Table 1), indicating that the decline in bone turnover accel-
erates the deposition of the bone matrix, accompanied by a
subsequent positive change in BMD.

P1NP and b-CTX are the markers recommended by the
International Osteoporosis Foundation and the International
Federation of Clinical Chemistry and Laboratory Medicine to
reflect bone formation and resorption.32 The level of bone
turnover and bone loss in postmenopausal women is higher than
that in premenopausal women, and this can be reflected by the
rise in P1NP and b-CTX.33 Whether the risk of PMOP and
subsequent OF can be predicted by P1NP or b-CTX is still
debatable. By comparing the relationship between P1NP, b-
CTX, and BMD in postmenopausal women, Azizieh et al34

found that P1NP and the P1NP/b-CTX ratio were significantly
correlated with BMD in the hip and spine, whereas b-CTX has
nothing to do with BMD. Qu et al pointed out that b-CTX in a
fracture group of older women was significantly higher than
that in a nonfracture group. They believed that a high level of b-
CTX is better than P1NP in predicting the risk of OF.26 Previous
studies by Garnero et al13 and Wright et al35 emphasized the
potential value of b-CTX in reflecting changes in bone mass.
The sample sizes and study populations used in different studies
may contribute to the differences in the results. In our study,
both of 1 year P1NP, 1 year b-CTX, and their changes were
found to have negative correlations with LS 1-4 BMD change
Menopause, Vol. 29, No. 3, 2022 341
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(Table 3), and could be identified as biomarkers to diagnose
this tendency.

UA is the end product of purine metabolism. Due to its
antioxidant properties, UA is thought to cause gout while
maintaining bone mass by inhibiting osteoclastic resorption
and promoting osteoblast differentiation.36 In older Japanese
men, higher serum UA concentrations are associated with a
lower risk of vertebral fracture measured by morphology.37 In
postmenopausal women, however, the relationship between
UA and BMD is equivocal.38,39 No association between UA
and BMD changes was found in our follow-up participants,
and more convincing research is needed to clarify this rela-
tionship.

The changes in enzymes related to bone metabolism were
also discussed in this study. ALP is a group of glycoproteases
that can hydrolyze phosphates under alkaline conditions. Only
approximately half of ALP in healthy adult blood comes from
bone, which shows a lack of specificity. Clinically, ALP is
often used to reflect bone metabolism activity and monitor
drug response after treatment.18,21,24,26 In our study, the 1 year
ALP in Group 2 declined, which reflected a good response of
the body to drugs to a certain extent. Compared to bone, the
prostate is the primary source of ACP and PACP (the level of
NACP is equal to ACP minus PACP). An abnormal increase
in those enzymes is often used as an auxiliary diagnostic
marker for prostate cancer or bone diseases. There was no
significant change in the baseline and 1 year levels of these
enzymes in the present study, which indicates that the change
in LS 1-4 BMD was independent of their changes.

Calcium, Phosphorus, and Magnesium are essential ele-
ments for the human body and play an important role in
maintaining bone homeostasis. The key parts of calcium and
phosphorus metabolism are controlled by the parathyroid
hormone (PTH)–1,25 dihydroxyvitamin D (1,25[OH]2D)–
fibroblast growth factor-23 (FGF23) axis.40 Magnesium defi-
ciency can affect PTH and 1,25(OH)2D, destroy the calcium
balance in the body, and lead to hypocalcemia.41 The close
relationship between them makes them important objects of
research into the pathological mechanism of osteoporosis.
Dietary magnesium intake is considered to predict short-term
bone resorption over a period of 2 years.35 Compared to that in
healthy women, a lower serum magnesium concentration can
be found in postmenopausal patients with osteoporosis.42 A
decline in vertebral BMD in rodent models supports the
conclusion that bone metabolic disorders are caused by
magnesium deficiency.43 Unlike Magnesium studies, some
research has suggested that there are no differences in Cal-
cium and Phosphorus levels between people with different
BMD levels;26,30 it is speculated that this may be because
levels of mineral salts tend to be normal in patients with
primary osteoporosis.26 In our study, there were some differ-
ences in Calcium, Phosphorus, and Magnesium levels across
the times and groups. Among them, only Phosphorus change
was found to have a negative correlation with LS 1-4 BMD
change. The AUC of it was less than 0.7 and its diagnostic
value needs more studies to verify in the future.
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It is well known that bone loss in healthy postmenopausal
women progresses slowly and steadily with aging.44 The
clinical value of repeated BMD measurements in the short
term is highly debated. However, it should be noted that the
repeated screening in the present study was meaningful. In our
study, only the change in LS 1-4 BMD was significant in
participants in Group 1, whereas both the BMD changes in LS
1-4 and TH were significant in Group 2. Aggressive anti-
osteoporosis therapy may have accelerated the BMD changes
within a short period. There is more controversy over the
value of repeated BMD measurements to predict the risk of
fragile fractures. As evidenced by the Berry et al 2014
publication in JAMA, repeating a BMD test in 4 years pro-
vided little additional value beyond baseline BMD when
assessing fracture risk.45 This inefficiency was even found
in bone health assessments after thyroid-stimulating suppres-
sion therapy in postmenopausal women with differentiated
thyroid carcinoma.46 Even though evidence is insufficient,
clinicians should select potential populations suitable for
repeated BMD assessments carefully in order to avoid unnec-
essary radiation exposure and possible additional expense.

This study has its own limitations. First, the phenomenon of
‘‘regression to the mean’’ is a potential confounder for all
studies with repeated measurements. Based on the limited
data available, whether the change of clinical parameters is a
real effect or a statistical regression to the mean needs more
research. Second, the time interval of follow-up was 1 year in
this study, and data on the BTMs and BMD changes within the
year were unavailable. Third, although the study was con-
ducted in a single center and the same measuring equipment
was used, the variation of repeated measurements may still
exist. Furthermore, observational studies do not allow inter-
ventions with specific therapeutic drugs, so the effects of
bone-forming drugs and estrogen replacement therapy on
BTMs and BMD changes were not discussed in this study.
Notably, the change in BMD, not OF, was the main point of
our study, so we excluded participants with OF during the
study to avoid the significant impact of OF on BTMs levels.31

A multicenter, prospective, randomized controlled study will
help to further clarify the underlying link between BTMs and
BMD changes in postmenopausal women. Given the above
concerns, the results of the present study should be interpreted
with caution.

CONCLUSIONS
To the best of our knowledge, this is one of the few real-

world studies concerning the associations between BTMs and
BMD changes in postmenopausal women. Our results high-
light the potential roles of the decreased BTMs, especially the
changes of N-MID, P1NP, b-CTX, and Phosphorus, as diag-
nostic markers of short-term LS 1-4 BMD change over 1 year.
This study also confirms that appropriate physical activity and
drug intervention are powerful protective factors for positive
changes in LS1-4 BMD. These findings will help clinicians to
gain insight into the change in BMD based on limited clinical
data, and to initiate timely interventions.
� 2022 The Author(s)
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