:' frontiers ‘ Frontiers in Endocrinology

@ Check for updates

OPEN ACCESS

Jannis Bodden,
TUM Klinikum Rechts der Isar, Germany

Xin-Jin Su,

Shanghai Jiao Tong University, China
Mutaz Sabah,

Ibnsina University, Iraq

Rongshan Zhang
272900283@qg.com

21 September 2025
31 October 2025
04 November 2025
20 November 2025

Feng X, Xiao W and Zhang R (2025) A
threshold of B-CTX (0.3 ng/mL) with low
estradiol identifies high-risk perimenopausal
women for bone loss: a cross-sectional
study.

Front. Endocrinol. 16:1709858.

doi: 10.3389/fendo.2025.1709858

© 2025 Feng, Xiao and Zhang. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License

(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Endocrinology

Original Research
20 November 2025
10.3389/fendo.2025.1709858

A threshold of 3-CTX (0.3 ng/mL)
with low estradiol identifies
high-risk perimenopausal
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Background: Increasing evidence has demonstrated accelerated bone loss
during perimenopause. The detection of bone loss relies heavily on dual-
energy X-ray absorptiometry (DXA). However, DXA is not sensitive enough for
early bone loss. Therefore, an easy and sensitive method is urgently needed for
identifying high-risk women before irreversible bone loss occurs.

Objective: To 1) define a clinically meaningful B-CTX threshold (> 0.3 ng/mL)
for perimenopausal bone loss prediction, 2) assess the predictive value of E2
and B-CTX, both individually and in combination, for bone loss in
perimenopausal women.

Methods: One hundred and thirty female participants met the inclusion/
exclusion criteria were enrolled in this study from March 2024 to March 2025.
Enrolled subjects underwent DXA examination and blood tests, including
measurements of E2, B-CTX, TPINP, D3, and IGF-1. The correlations between
E2, B-CTX, TPINP, D3, IGF-1 and T-scores were performed using Spearman
correlation analysis. The predicting value of E2, B-CTX and combination for
perimenopausal bone loss were studied by ROC curve analysis.

Results: There were significant correlations between E2, B-CTX, TPINP and T-
scores, but not between D3, IGF-1 and T-scores. The threshold value of E2 alone
in predicting perimenopausal bone loss was 62.7 pmol/L. Its sensitivity and
specificity were 79.1% and 93.2%, respectively. The threshold value of B-CTX
alone in predicting perimenopausal bone loss was 0.30 ng/mL. Its sensitivity and
specificity were 79.3% and 96.4%, respectively. The ROC curve of E2 combined
with B-CTX showed that the AUC was 0.950. Its sensitivity and specificity were
88.4% and 97.7%, respectively, which were higher than that in E2 and (-
CTX alone.
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Conclusion: A clinically meaningful B-CTX threshold (> 0.3 ng/mL) was defined
for perimenopausal bone loss prediction, and the combination of E2 and B-CTXis
a simple and reliable method for predicting perimenopausal bone loss, with high
sensitivity and specificity. A threshold of B-CTX (0.3 ng/mL) with low estradiol
identifies high-risk perimenopausal women for bone loss.

B-C-terminal telopeptide, estradiol, bone loss, perimenopausal, prediction

1 Introduction

Osteoporosis, a systemic skeletal disorder characterized by
compromised bone strength and increased fracture risk,
represents a major public health burden, particularly among aging
women (1). Globally, over 200 million women suffer from
osteoporosis, with postmenopausal women accounting for 80% of
cases (2). While extensive research has focused on postmenopausal
bone loss, the perimenopausal transition, a critical window of
hormonal fluctuation preceding menopause, remains
understudied, despite increasing evidence demonstrated that
accelerated bone loss begins during this phase or earlier (3).
During perimenopause, estrogen levels, particularly estradiol (E2),
decline erratically, leading to uncoupled bone remodeling where
bone resorption outpaces formation (4). This imbalance further
results in bone mineral density (BMD) reduction, yet clinical
detection often occurs too late for effective intervention.

To the best of our knowledge, the detection of bone loss relies
heavily on dual-energy X-ray absorptiometry (DXA) to measure
BMD (5). However, DXA has several limitations in clinical practice.
First, DXA is not sensitive enough for early bone loss, because it
detects bone loss only after 20-30% of trabecular bone has already
deteriorated (6). Moreover, DXA is costly, lacks portability, and is
inaccessible in many low-resource settings. Besides, the detection of
bone loss required repeated DXA measurements, which may expose
patients to excessive radiation doses. These highlight the urgent
need for a simple and sensitive method to identify high-risk women
before irreversible bone loss occurs.

In recent years, growing evidence has demonstrated the
significance of serum estradiol (E2) and bone turnover markers in
the diagnosis of postmenopausal bone loss and osteoporosis (7).
Estradiol plays a pivotal role in maintaining bone homeostasis by
suppressing osteoclast activity (7, 8). As E2 levels drop during
perimenopause, osteoclast-mediated bone resorption surges,
releasing type I collagen degradation products such as B-C-
terminal telopeptide (B-CTX) into circulation (9). Serum B-CTX,
a sensitive marker of bone resorption, rises significantly during
early menopause and correlates strongly with future fracture risk
(9). Existing studies have predominantly investigated serum
estradiol and bone turnover markers in postmenopausal cohorts,
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leaving its diagnostic thresholds and predictive power in
perimenopausal women poorly defined (10).

Low E2 alone usually indicates higher osteoclast activity,
and elevated B-CTX reflects resorption intensity (11). This
synergistic relationship aligns with the “coupling” theory of bone
remodeling. However, no studies have yet explored whether
combining E2 and B-CTX improves early bone loss prediction in
perimenopausal women.

Therefore, this present study aimed to 1) define a clinically
meaningful B-CTX threshold (= 0.3 ng/mL) for perimenopausal
bone loss prediction; 2) evaluate the predictive value of E2 and [3-
CTX, both individually and in combination, for bone loss in
perimenopausal women. By validating the E2-B-CTX axis as a
dual-marker tool, the study proposed a simple and sensitive
method for identifying high-risk perimenopausal women,
addressing the limitations of current guidelines and enabling
timely interventions to prevent further bone loss in this
vulnerable population.

2 Methods
2.1 Study design and participants

This is a cross-sectional study. One hundred and thirty
consecutive participants were recruited in this study from March
2024 to March 2025. The inclusion criteria were as follow: (1)
Female; (2) Age from 40-60 years. The exclusion criteria were as
follow: (1) Diagnosed with secondary osteoporosis; (2)
Undergoing anti-osteoporosis therapies; (3) Participants with
hyperthyroidism, parathyroid disorders, diabetes mellitus,
osteoarthropathy, or metabolic bone diseases; (4) Participants
with ovarian or uterine lesions; (5) Participants with a
menopausal duration exceeding one year; (6) Participants with
acute or chronic insufficiency of heart, lung, liver, kidney, or
other organs; (7) Participants with autoimmune diseases; (8)
Participants with malignant tumors; (9) Participants with
psychiatric disorders (e.g., dementia, psychosis) or those unable to
cooperate with the study; (10) Participants using oral
anticonceptives or hormone replacement therapy.
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2.2 Blood examination

Enrolled subjects underwent blood tests, including measurements
of Estradiol (E2) (pmol/L), B-CTX (ng/mL), Total Procollagen Type I
N-terminal Propeptide (TP1NP) (ng/mL), Cholecalciferol (D3) (ng/
mL), and Insulin-like Growth Factor 1 (IGF-1) (ng/mL). Specifically,
after fasting for 12 hours, venous blood was collected from subjects in
a seated position the following morning under fasting conditions.
Post-collection, blood samples were centrifuged at 3,500 rpm for 15
minutes (radius: 8 cm), and the resulting serum was separated and
stored in an ultra-low-temperature freezer at -80 °C. Serum levels of
E2, B-CTX, TPINP, D3, and IGF-1 were quantified using
Electrochemiluminescence method (Roche cobasE801/E601). All
the reagents were purchased from Roche Diagnostics CmbH
(Germany). Each biomarker was tested in triplicate, with a
Coefficient of Variation (CV) (standard deviation (SD)/Mean x
100%) requirement of <5%, and the average value was recorded for
analysis. All blood samples were centrifuged within a maximum of 30
minutes after collection to ensure biomarker stability. All
centrifugation steps were performed using the same centrifuge
model to maintain processing consistency across all samples.

2.3 DXA examination

Enrolled subjects underwent DXA examination (12). The DXA
devices used in this study was manufactured by GE Healthcare (USA)
(Model: DPX-NT). Specifically, the patient lies supine on a padded table
while a scanner passes over specific regions (e.g., lumbar spine, femur, or
forearm). Low-dose X-rays are emitted, and differential absorption by
bone and soft tissue is analyzed to calculate BMD. Results are expressed
as T-scores (comparison to young adult peak bone mass). Each subject
was tested three times, with CV's requirement of <3%, and the average
T-scores was recorded. The average -1 < T-scores indicates normal bone
mass; -2.5 < T-scores < -1 signifies osteopenia (low bone mass); and -2.5
< T-scores indicates osteoporosis. In this study, participants with T-
scores < -1 were defined as bone loss, and participants with -1 < T-
scores was defined as normal without bone loss.

2.4 Statistical analysis

The data in this study was analyzed using SPSS (Version 25.0) and
Graphpad Prism (Version 9.4.1). The %2 test, t-test, and rank-sum test
were used depending on the data type. The Spearman correlation
coefficient was used to evaluate the correlation between E2 and BMD,
between B-CTX and BMD. Potential confounding factors, including
age, body mass index (BMI), hypertension, and hyperlipidemia, were
evaluated for significant differences between groups before correlation
analyses. Since these variables did not differ significantly (p > 0.05),
Spearman correlation analysis was used for simplicity. In addition,
partial correlation analyses adjusting for age and BMI were conducted
to confirm the robustness of the associations between D3, IGF-1, and
T-scores. The adjusted results were consistent with the unadjusted
findings, showing no statistically significant correlations. Receiver
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Operating Characteristic (ROC) curves analysis were utilized to
assess the diagnostic performance of E2, B-CTX, and their
combination in detecting bone loss. Categorical data are presented
as frequencies or percentages, and normally distributed continuous
data are expressed as mean + standard deviation (SD). A P value less
than 0.05 was considered statistically significant.

3 Results

3.1 Demographic characteristics of
included participants

One hundred and thirty female participants met the inclusion/
exclusion criteria were enrolled in this study, with an average age of
49.88 + 5.59 years. The subjects were divided into two groups based on
T-score, namely Normal group (-1 < T-scores) and Bone Loss (BL)
group (T-scores < -1). There were 44 subjects in the normal group, with
an average age of 49.64 + 3.57 years, and 86 participants in the BL
group, with an average age of 50.13 + 5.32 years (Table 1). No significant
differences were found in the average age between the normal and BL
groups (p = 0.281). The average T scores in the normal group (- 0.11 +
0.47) was significantly higher than that in the BL group (-2.39 + 0.50)
(p < 0.0001). However, there were no significant differences in the Body
Mass Index (BMI), hypertension and hyperlipidemia between the
normal and BL groups (p = 0.724, p = 0.715, p = 0.783, respectively).

3.2 Comparison of blood tests

The levels of E2, B-CTX, TPINP, D3, and IGF-1 in blood plasma
were detected and analyzed. The results were shown in Table 2. The
levels of E2 were 420.91 + 259.21 pmol/L in the normal and 77.10 +
186.10 pmol/L in the BL group, respectively. The level of E2 in the
normal group was significantly higher than that in the BL group
(p < 0.0001), indicating that the decrease of E2 levels may contributes
to bone loss in perimenopausal women. Furthermore, the levels of 3-
CTX, TPINP in the normal group were significantly lower than that
in the BL group (p < 0.0001, p < 0.0001, respectively). However, even
though the levels of D3, and IGF-1 in the normal group were lower
than that in the BL group, no significant differences were found
(p = 0.2806, p = 0.3118, respectively). These results indicated that

TABLE 1 The demographic characteristics of included participants.

Variables Normal group  BL group P value
Number 44 86 NA
Average age
(years) 49.64 + 3.57 50.13 + 5.32 0.281
T scores -0.11 £ 0.47 -2.39 £ 0.50 < 0.0001
BMI (kg/mz) 22.48 + 2.68 22.69 + 3.02 0.724
Hypertension 9/44 20/86 0.715
Hyperlipidemia 6/44 13/86 0.783

*BMI, Body Mass Index; NA, Not applicable.
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TABLE 2 Comparison of blood test.

Variables = Normal group  BL group P value
E2 (pmol/L) 42091 + 259.21 77.10 + 186.10 <0.0001
B-CTX (ng/mL) 0.20 + 0.06 0.46 + 0.20 <0.0001
TPINP (ng/
4213 + 1521 58.74 + 21.86 <0.0001
mL)
D3 (ng/mL) 23.88 + 8.85 25.66 + 8.87 0.2806
IGF-1 (ng/mL) 10630 + 32.21 112.90 + 39.79 03118

*E2, Estradiol; B-CTX, B-C-terminal telopeptide; TPINP, Total Procollagen Type I N-
terminal Propeptide; D3, Cholecalciferol; IGF-1, Insulin-like Growth Factor 1.

10.3389/fendo.2025.1709858

although D3 and IGF-1 are commonly used biomarkers for bone
metabolism, they may not be very accurate in predicting bone loss
compared to B-CTX and TP1NP.

3.3 Correlation analysis between E2, 3-
CTX, TPINP, D3, IGF-1 and T scores

Subsequently, the correlation between E2, B-CTX, TPINP, D3,
IGF-1 and T scores were performed. The Figure la shows a positive
correlation between E2 levels and T-scores (p < 0.0001), indicating
that the lower the estrogen levels, the higher the risk of bone loss,
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FIGURE 1

The results of correlation analysis. (a) Correlation analysis between E2 and T scores; (b) Correlation analysis between B-CTX and T scores; (c) Correlation

analysis between TPINP and T scores; (d) Correlation analysis between D3
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though the Pearson correlation coefficient (r = 0.1272) was low.
Furthermore, Figures 1b, ¢ showed that the levels of B-CTX and
TPINP showed a negative correlation with T-scores (r = - 0.7569,
p < 0.0001; r = - 0.4711, p < 0.0001, respectively). However, even
though the levels of D3 and IGF-1 showed negative correlation with
T-scores (Figures 1d, e), there was no statistical significance
(p = 0.0747, p = 0.5637, respectively) and the Pearson correlation
coefficient (r = - 0.1569, r = - 0.0511, respectively) were low. These
findings further confirmed that the levels of D3 and IGF-1 may be
not appropriate for predicting bone loss in perimenopausal women.

3.4 The predictive value of E2 and 3-CTX
alone versus in combination for bone loss

ROC curves analysis was utilized to assess the diagnostic
performance of E2, B-CTX, and their combination in detecting bone
loss in perimenopausal women. The AUC of E2 shown in Figure 2a was
0.907. The threshold value of E2 in predicting perimenopausal bone loss

10.3389/fendo.2025.1709858

was 62.7 pmol/L, which indicated that perimenopausal women with
plasma estradiol concentrations below 62.7 pmol/L may suffer bone loss
(Table 3). Its sensitivity and specificity were 79.1% and 93.2%,
respectively (p < 0.001, Table 3). Moreover, Figure 2b showed the
ROC curve of B-CTX and the AUC was 0.917. The threshold value of B-
CTX in predicting perimenopausal bone loss was 0.30 ng/mL. Its
sensitivity and specificity were 79.3% and 96.4%, respectively
(p < 0.001, Table 3). The sensitivity of both biomarkers in predicting
bone loss is comparable, but B-CTX exhibits superior specificity to E2.
Additionally, Figure 2c showed the ROC curve of E2 combined with 3
CTX and the AUC was 0.950. Its sensitivity and specificity were 88.4%
and 97.7%, respectively, which were higher than that in E2 and B-CTX
alone (p < 0.001, Table 3).

4 Discussion

The perimenopausal stage of life marks the gradual decline in a
woman’s fertility, accompanied by the progressive deterioration of
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FIGURE 2

The results of ROC curves analysis. (a) ROC curve of E2; (b) ROC curve of B-CTX; (c) ROC curve of E2 combined with B-CTX.
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ovarian function (13). Bone loss is a significant complication during
this period, which can lead to osteoporosis and even fractures in
severe cases (4, 14). Currently, BMD measurement is the primary
method for assessing bone loss. DXA is widely used to measure hip
and spine BMD, accurately reflecting changes in bone mass and
serving as the gold standard for osteoporosis (OP) diagnosis (5).
However, since BMD measurement is based on two-dimensional
imaging, it cannot precisely capture the complex three-dimensional
bone structure, potentially leading to insufficiently accurate OP risk
assessment. Moreover, the rate of bone loss varies among
perimenopausal women, and the speed of BMD decline differs
from person to person. Some patients may experience rapid bone
loss in the early stages of menopause, while others may undergo a
more gradual reduction in bone mass (15). Therefore, a single-time-
point BMD measurement may not accurately reflect the bone
condition of all individuals, especially for women with faster bone
loss rates. However, repeated BMD measurements may expose
patients to excessive radiation doses. Therefore, exploring simpler,
more reliable, and more sensitive detection methods is of great
significance for evaluating bone loss in perimenopausal women. In
this study, we found that a combination of E2 and B-CTX is
sensitive and reliable method to predict bone loss in
perimenopausal women. Specifically, a threshold of B-CTX (0.3
ng/mL) with low E2 identified high-risk perimenopausal women for
bone loss.

In this study, the level of E2 in the normal group was
significantly higher than that in the BL group, and the level of E2
shows a positive correlation with T-scores. This is likely because
estrogen exerts crucial protective effects on bone metabolism (16). It
helps maintain bone mass by reducing bone resorption and
enhancing bone formation. Conversely, when estrogen levels
become insufficient, bone resorption increases while bone
formation decreases, eventually leading to bone loss. It is
noteworthy that the Pearson correlation coefficient (r = 0.1272)
between E2 and T-scores was low. This may stem from the non-
linear nature of the relationship between estradiol and bone mineral
density, potentially involving either a threshold effect (where bone
loss accelerates below critical concentrations) or a saturation effect
(where protective benefits plateau beyond certain levels).
Furthermore, circulating E2 exhibits dynamic fluctuations
throughout the menstrual cycle, rendering single random
measurements potentially inadequate for reflecting physiologically
relevant concentrations (17). The subsequently ROC curve analysis
verified this speculation, which showed that the threshold value of
E2 was 62.7 pmol/L, and the sensitivity and specificity were 79.1%
and 93.2%, respectively. These findings also demonstrate the limited

10.3389/fendo.2025.1709858

predictive value of E2 alone for assessing perimenopausal bone loss,
highlighting the necessity of adopting dual- or multi-marker
prediction approaches.

B-CTX serves as a specific biomarker for bone collagen
breakdown (18). Elevated serum concentrations of this marker
typically indicate heightened osteoclast-mediated bone resorption
activity. In this study, the level of B-CTX in the BL group was
significantly higher than that in the normal group. This is because
that in perimenopausal women experiencing significant estrogen
decline, the loss of estrogen’s inhibitory effect on osteoclasts reduces
the suppression of bone collagen degradation. Consequently, these
triggers accelerated bone resorption, ultimately leading to distinctly
elevated B-CTX levels (11). Furthermore, the levels of B-CTX
showed a strongly negative correlation with T-scores, which was
consistent with previous studies (11). Although several studies have
demonstrated the negative correlation between B-CTX and bone
loss, the optimal threshold value of B-CTX remains unknown. In
the ROC curve analysis, we found that the optimal threshold value
of B-CTX was 0.30 ng/mL, with high sensitivity (79.3%) and
specificity (96.4%).

TPINP serves as a biochemical marker reflecting osteoblastic
activity (19). Elevated serum levels typically indicate increased
collagen synthesis and heightened bone formation. However, in
this study, we observed a paradoxical TPINP elevation in the bone
loss group. This can be attributed to a compensatory response to
excessive bone loss. Specifically, in perimenopausal women
experiencing estrogen decline, this hormonal shift not only
accelerates bone resorption but also impacts bone formation
dynamics. Under certain conditions, these individuals may exhibit
an elevation in bone formation as a compensatory response to
excessive bone loss, which can subsequently drive up TPINP
concentrations (20). Elevated TPINP is thus a marker of this
active but imbalanced bone formation. This result also suggests
that TPINP alone has limited predictive value for bone loss.
Furthermore, although there was a negative correlation between
TPINP and T-scores, but the Pearson correlation coefficient was
lower compared with B-CTX, which also was one of the reasons
why we chose a combination of E2 and B-CTX but not E2
and TPINP.

D3 and IGF-1 represent two pivotal bioactive molecules that
play critical regulatory roles in bone metabolism (21). Moreover,
their respective plasma concentrations can serve as indirect yet
clinically valuable biomarkers of bone turnover status. In this study,
no significant differences were found between normal and BL group
in the concentrations of D3 and IGF-1. Furthermore, to the best of
our knowledge, the relationship between D3, IGF-1 and T-scores

TABLE 3 The predictive value of E2 and B-CTX alone versus in combination for bone loss.

Variables Sensitivity Specificity 95% CI Threshold value P Value
E2 79.1% 93.2% 0.907 (0.856, 0.958) 62.7 <0.001
B-CTX 79.3% 96.4% 0917 (0.871, 0.962) 030 <0.001
E2-B-CTX 88.4% 97.7% 0.950 (0.925, 0.975) / <0.001

*E2, Estradiol; B-CTX, -C-terminal telopeptide; CI, Confidence Intervals.
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remains controversial, though both D3 and IGF-1 were
demonstrated to promote bone formation (19, 22). In this study,
there is no significant correlation between D3 and T-scores, and
between IGF-1 and T-scores. The lack of significant D3 and IGF-1
correlations with T-scores in our study may reflect several factors.
First, the perimenopausal stage is characterized by complex
endocrine changes dominated by estrogen decline, which might
overshadow the bone effects of D3 and IGF-1. Second, most of our
participants showed relatively adequate vitamin D and nutritional
status, reducing variability and limiting the ability to detect
associations. Third, as BMD was measured by DXA, which
mainly reflects bone mineral content but not trabecular
microarchitecture, potential microstructural benefits of D3 or
IGF-1 may have been underestimated. Finally, circulating IGF-1
levels are influenced by hepatic production and binding proteins,
which may not directly reflect local IGF-1 activity in bone tissue.
Moreover, to minimize potential bias from confounding variables
such as age and BMI, partial correlation analyses were performed,
which confirmed that D3 and IGF-1 were still not significantly
correlated with T-scores after adjustment. This suggests that the
absence of correlation was not driven by these demographic factors
but may instead reflect their limited independent contribution to
bone density in perimenopausal women.

Additionally, in this study, ROC analysis showed that the AUC
of dual-biomarker (E2 combined with B-CTX) was 0.950. Its
sensitivity and specificity were 88.4% and 97.7%, respectively,
which were higher than that in E2 and B-CTX alone. These
indicate that the combination of E2 and B-CTX is a simple and
reliable method for predicting perimenopausal bone loss, with high
sensitivity and specificity. E2 regulating bone formation via
osteoblast activity and B-CTX reflecting osteoclast-mediated
resorption. This synergistic relationship aligns with the “coupling”
theory of bone remodeling, which may be the theoretical
foundation of the excellent results. However, the AUC of 0.950
for the combined markers suggests excellent discriminative ability.
This may be due to the limited sample size and other uncontrollable
variables, and further study is required to verify the results.

This study has several notable limitations. First, although our
sample size (n=130) provided adequate statistical power for
detecting strong correlations and predictive performance,
the relatively small and single-center cohort may limit the
generalizability of the findings. The homogeneity of the
participants in terms of geography and ethnicity may introduce
selection bias. Therefore, larger multi-center studies involving more
diverse populations are necessary to verify whether the proposed
thresholds of E2 (<62.7 pmol/L) and B-CTX (20.30 ng/mL) are
applicable across broader perimenopausal populations.
Additionally, longitudinal follow-up studies could further validate
the predictive stability of these biomarkers over time. Second, the
associations between vitamin D3/IGF-1 concentrations and T
scores warrant further confirmation through rigorously designed
studies. Third, this is cross-sectional study, without any
interventions and longitudinal data that would better support the
proposed predictive thresholds. Future studies with long-term
follow-up or additional interventions are needed to further
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validate our findings. Four, a single random measurement of E2
may introduce potential bias, and incorporating repeated
measurements or standardized sampling timing to minimize such
potential bias was proposed in the future studies. Additionally, we
had to acknowledge potential optimism due to the cross-sectional
design and lack of external validation.

5 Conclusion

A clinically meaningful B-CTX threshold (> 0.3 ng/mL) was
defined for perimenopausal bone loss prediction, and the
combination of E2 and B-CTX is a simple and reliable method
for predicting perimenopausal bone loss, with high sensitivity
and specificity. Specifically, a threshold of B-CTX (0.3 ng/mL)
with low estradiol identifies high-risk perimenopausal women for
bone loss.

This dual-indicator prediction strategy can not only serve as an
effective alternative to DXA for BMD measurement, avoiding
repeated radiation exposure, but also act as a cost-efficient and
high-performance screening tool for identifying high-risk
perimenopausal women before irreversible bone loss occurs in
clinical practice when there is DXA lacking.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The study was approved by the Ganzhou Maternal and Child
Health Care Hospital Ethics Committee (No. 2023-098). The
studies were conducted in accordance with the local legislation
and institutional requirements. The participants provided their
written informed consent to participate in this study.

Author contributions

XF: Conceptualization, Data curation, Funding acquisition,
Investigation, Methodology, Writing - original draft, Writing -
review & editing. WX: Formal analysis, Project administration,
Software, Supervision, Visualization, Writing - original draft,
Writing — review & editing. RZ: Formal analysis, Methodology,
Project administration, Supervision, Validation, Writing - original
draft, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research and/or publication of this article. This study was funded by

frontiersin.org


https://doi.org/10.3389/fendo.2025.1709858
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Feng et al.

Science and Technology Plan of Jiangxi Provincial Health
Commission (SKJP220233805).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

References

1. Marjoribanks J, Farquhar C, Roberts H, Lethaby A, Lee J. Long-term hormone
therapy for perimenopausal and postmenopausal women. Cochrane Database Syst Rev.
(2017) 1:Cd004143. doi: 10.1002/14651858.CD004143.pub5

2. Management of osteoporosis in postmenopausal women: the 2021 position
statement of The North American Menopause Society. Menopause. (2021) 28:973-97.
doi: 10.1097/GME.0000000000001831

3. Talaulikar V. Menopause transition: Physiology and symptoms. Best Pract Res
Clin Obstet Gynaecol. (2022) 81:3-7. doi: 10.1016/j.bpobgyn.2022.03.003

4. Karlamangla AS, Burnett-Bowie SM, Crandall CJ. Bone health during the
menopause transition and beyond. Obstet Gynecol Clin North Am. (2018) 45:695-708.
doi: 10.1016/j.0gc.2018.07.012

5. Martel D, Monga A, Chang G. Osteoporosis imaging. Radiol Clin North Am.
(2022) 60:537-45. doi: 10.1016/j.rc1.2022.02.003

6. Slart R, Punda M, Ali DS, Bazzocchi A, Bock O, Camacho P, et al. Updated
practice guideline for dual-energy X-ray absorptiometry (DXA). Eur ] Nucl Med Mol
Imaging. (2024). doi: 10.1007/500259-024-06912-6

7. Marques-Carvalho A, Silva B, Pereira FB, Kim HN, Almeida M, Sardio VA.
Qestradiol and osteoclast differentiation: Effects on p53 and mitochondrial metabolism.
Eur J Clin Invest. (2024) 54:€14195. doi: 10.1111/eci.14195

8. Steffi C, Wang D, Kong CH, Wang Z, Lim PN, Shi Z, et al. Estradiol-loaded poly
(e-caprolactone)/silk fibroin electrospun microfibers decrease osteoclast activity and
retain osteoblast function. ACS Appl Mater Interfaces. (2018) 10:9988-98. doi: 10.1021/
acsami.8b01855

9. Baloun ], Pekacova A, Wenchich L, Hruskova H, Senolt L, Svec X, et al.
Menopausal transition: prospective study of estrogen status, circulating microRNAs,
and biomarkers of bone metabolism. Front Endocrinol (Lausanne). (2022) 13:864299.
doi: 10.3389/fend0.2022.864299

10. Jia L, Cheng M. Correlation analysis between risk factors, BMD and serum
osteocalcin, CatheK, PINP, B-crosslaps, TRAP, lipid metabolism and BMI in 128 patients
with postmenopausal osteoporotic fractures. Eur Rev Med Pharmacol Sci. (2022) 26:7955-9.

11. Eastell R, Szulc P. Use of bone turnover markers in postmenopausal
osteoporosis. Lancet Diabetes Endocrinol. (2017) 5:908-23. doi: 10.1016/52213-8587
(17)30184-5

Frontiers in Endocrinology

08

10.3389/fendo.2025.1709858

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

12. Pizza IC, Bongiorno A, Pedulla M, Albano D, Sconfienza LM, Messina C. DXA:
new concepts and tools beyond bone mineral density. Semin Musculoskelet Radiol.
(2024) 28:528-38. doi: 10.1055/s-0044-1788579

13. Woods NF, Coslov N, Richardson MK. Perimenopause meets life: observations
from the Women Living Better Survey. Menopause. (2022) 29:1388-98. doi: 10.1097/
GME.0000000000002072

14. Lane NE. Epidemiology, etiology, and diagnosis of osteoporosis. Am ] Obstet
Gynecol. (2006) 194:53-11. doi: 10.1016/j.ajog.2005.08.047

15. de Villiers TJ. Bone health and menopause: Osteoporosis prevention and
treatment. Best Pract Res Clin Endocrinol Metab. (2023) 101782.

16. Khosla S, Monroe DG. Regulation of bone metabolism by sex steroids. Cold
Spring Harb Perspect Med. (2018) 8. doi: 10.1101/cshperspect.a031211

17. Martinez-Fortuny N, Alonso-Calvete A, Cuna-Carrera I, Abalo-Nunez R.
Menstrual cycle and sport injuries: A systematic review. Int J Environ Res Public
Health. (2023) 20. doi: 10.3390/ijerph20043264

18. Chen X, Shen L, Gao C, Weng R, Fan Y, Xu §, et al. Vitamin D status and its
associations with bone mineral density, bone turnover markers, and parathyroid
hormone in Chinese postmenopausal women with osteopenia and osteoporosis.
Front Nutr. (2023) 10:1307896. doi: 10.3389/fnut.2023.1307896

19. Matsushita H, Shimizu S, Morita N, Watanabe K, Wakatsuki A.
Effects of royal jelly on bone metabolism in postmenopausal women: a
randomized, controlled study. Climacteric. (2021) 24:164-70. doi: 10.1080/
13697137.2020.1806815

20. Fischer V, Haffner-Luntzer M. Interaction between bone and immune cells:
Implications for postmenopausal osteoporosis. Semin Cell Dev Biol. (2022) 123:14-21.
doi: 10.1016/j.semcdb.2021.05.014

21. Jehle PM, Schulten K, Schulz W, Jehle DR, Stracke S, Manfras B, et al. Serum
levels of insulin-like growth factor (IGF)-I and IGF binding protein (IGFBP)-1 to -6
and their relationship to bone metabolism in osteoporosis patients. Eur ] Intern Med.
(2003) 14:32-8. doi: 10.1016/50953-6205(02)00183-8

22. Zhou S, LeBoff MS, Glowacki J. Vitamin D metabolism and action in human
bone marrow stromal cells. Endocrinology. (2010) 151:14-22. doi: 10.1210/en.2009-
0969

frontiersin.org


https://doi.org/10.1002/14651858.CD004143.pub5
https://doi.org/10.1097/GME.0000000000001831
https://doi.org/10.1016/j.bpobgyn.2022.03.003
https://doi.org/10.1016/j.ogc.2018.07.012
https://doi.org/10.1016/j.rcl.2022.02.003
https://doi.org/10.1007/s00259-024-06912-6
https://doi.org/10.1111/eci.14195
https://doi.org/10.1021/acsami.8b01855
https://doi.org/10.1021/acsami.8b01855
https://doi.org/10.3389/fendo.2022.864299
https://doi.org/10.1016/S2213-8587(17)30184-5
https://doi.org/10.1016/S2213-8587(17)30184-5
https://doi.org/10.1055/s-0044-1788579
https://doi.org/10.1097/GME.0000000000002072
https://doi.org/10.1097/GME.0000000000002072
https://doi.org/10.1016/j.ajog.2005.08.047
https://doi.org/10.1101/cshperspect.a031211
https://doi.org/10.3390/ijerph20043264
https://doi.org/10.3389/fnut.2023.1307896
https://doi.org/10.1080/13697137.2020.1806815
https://doi.org/10.1080/13697137.2020.1806815
https://doi.org/10.1016/j.semcdb.2021.05.014
https://doi.org/10.1016/S0953-6205(02)00183-8
https://doi.org/10.1210/en.2009-0969
https://doi.org/10.1210/en.2009-0969
https://doi.org/10.3389/fendo.2025.1709858
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	A threshold of β-CTX (0.3 ng/mL) with low estradiol identifies high-risk perimenopausal women for bone loss: a cross-sectional study
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Blood examination
	2.3 DXA examination
	2.4 Statistical analysis

	3 Results
	3.1 Demographic characteristics of included participants
	3.2 Comparison of blood tests
	3.3 Correlation analysis between E2, β-CTX, TP1NP, D3, IGF-1 and T scores
	3.4 The predictive value of E2 and β-CTX alone versus in combination for bone loss

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


