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Background: Venous thromboembolism (VTE) and osteoporosis are both prevalent and clinically significant conditions in post-
menopausal women. These disorders share common risk factors, including estrogen deficiency and age-related physiological changes.
Although emerging evidence suggests a link between reduced bone mineral density (BMD) and thrombotic events, current VTE risk
assessment models do not incorporate BMD. This study aimed to investigate the association between BMD and VTE risk in
postmenopausal women.

Methods: A total of 511 postmenopausal women hospitalized at the First Affiliated Hospital of Nanjing Medical University between
January and December 2024 were enrolled. BMD was measured using dual-energy X-ray absorptiometry (DXA) and classified
according to World Health Organization criteria. VTE risk was assessed using the Caprini Risk Assessment Score.

Results: Patients with osteoporosis had significantly higher Caprini scores compared to those with normal BMD (6.20 + 3.20 vs 5.40
+ 2.60; p = 0.019). Additionally, levels of D-dimer 2 (DD2) and fibrinogen (FIB) increased as BMD decreased. Multivariate analysis
identified the lowest BMD value as an independent predictor of elevated VTE risk (odds ratio = 0.02; 95% CI: 0.003-0.164; p < 0.01).
A negative correlation was observed between BMD and Caprini score (r = —0.241; p < 0.01).

Conclusion: Lower BMD is independently associated with increased VTE risk in postmenopausal women. These findings suggest
that BMD may serve as a novel biomarker for VTE risk. Incorporating BMD into existing risk assessment models and considering
thromboprophylaxis for individuals with low BMD are recommended.

Keywords: postmenopausal women, venous thromboembolism, caprini score, bone mineral density

Introduction
Venous thromboembolism (VTE) and osteoporosis are two major global health concerns, each affecting millions of
individuals worldwide.'* VTE, characterized by abnormal thrombus formation in the deep veins of the lower extremities,
carries a substantial risk of pulmonary embolism—a life-threatening condition that ranks among the top five most
common vascular diseases globally.® Osteoporosis, defined by a progressive loss of bone mass and deterioration of bone
microarchitecture, increases susceptibility to fragility fractures. Clinically, osteoporosis is primarily diagnosed through
bone mineral density (BMD) assessment using dual-energy X-ray absorptiometry (DXA). With global population aging,
the incidence of postmenopausal osteoporosis is expected to rise markedly, placing a growing burden on healthcare
systems.? Both VTE and osteoporosis represent significant public health challenges with overlapping epidemiological
features. Understanding their potential pathophysiological connections is essential for integrated risk management.

The Caprini score, a widely validated clinical tool for VTE risk assessment, enables quantitative risk stratification by
integrating several multidimensional risk factors, including age, surgical type, immobility status, and cancer history.” It
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has been proven as an effective approach for individualized thromboprophylaxis selection following total hip arthro-
plasty. In addition, the score incorporates other key risk factors such as hormone therapy history, prior thrombotic events,
and renal insufficiency—factors that highly overlap with established high-risk elements for osteoporosis.® The Caprini
score is an independent risk factor for all-cause mortality in patients with acute coronary syndrome, and the risk of all-
cause death is significantly increased in high-risk patients with a score of 5 or higher.’

The scientific rationale for exploring associations between VTE and BMD is grounded in their shared risk factors—
such as advanced age, female sex, and immobility—and supported by emerging mechanistic evidence. Crosstalk between
vascular and bone biology is increasingly recognized. For example, warfarin-mediated inhibition of y-carboxylation
affects vitamin K—dependent osteocalcin activity, impairing bone integrity.® Reduced mobility not only increases the risk
of VTE by promoting venous stasis but also suppresses osteoblast activity due to inadequate mechanical loading on bone
tissue, thereby establishing a self-perpetuating cycle of bone loss, impaired mobility, and heightened VTE risk.’'
Moreover, osteoblasts and osteocytes regulate endothelial function and angiogenesis via mechanosensitive paracrine
signaling.'" Prolonged immobilization further exacerbates thrombosis risk by promoting venous stasis, endothelial
dysfunction, and a hypercoagulable state—core elements of Virchow’s triad.'

Given these interconnected mechanisms, investigating the relationship between BMD and thrombotic risk, particu-
larly in elderly postmenopausal women, may provide valuable insights for identifying high-risk subpopulations. We
hypothesize that in postmenopausal women, lower BMD is negatively associated with the Caprini score. Specifically, as
BMD declines progressively from normal to osteopenia and then to osteoporosis, the Caprini score is expected to rise
correspondingly. In this cross-sectional study, we examined the association between Caprini scores and BMD measure-
ments at the lumbar spine (L1-L4) and bilateral femoral sites. This study seeks to enhance clinical insights into bone-
vascular crosstalk, underscoring how low bone mineral density may signal thrombotic risk in women and thereby
informing preventive strategies—such as integrated screening protocols and targeted thromboprophylaxis—to mitigate
VTE and osteoporosis-related complications in female populations.

Methods

Study Design and Population

This study was approved by the Institutional Review Board (IRB) of the First Affiliated Hospital of Nanjing Medical
University (Registration No.: 2025SR-616) and complies with the Declaration of Helsinki. Due to the retrospective
nature of the data collection, the IRB waived the requirement for individual informed consent and all patient data were
anonymized prior to analysis. Data were obtained from female patients who visited the Department of Orthopedics at the
First Affiliated Hospital of Nanjing Medical University between January and December 2024. An initial cohort of 2153
patient records was retrieved from the hospital’s database.

Inclusion and Exclusion Criteria

Eligible participants were female patients who underwent orthopedic surgery during the study period and had complete
medical records, including demographic information, laboratory test results, BMD measurements, and clinical variables
required for Caprini score calculation. Exclusion criteria were as follows: premenopausal status (confirmed by menstrual
and reproductive history); use of medications known to affect BMD, such as glucocorticoids, bisphosphonates, or
selective estrogen receptor modulators; and incomplete or missing medical records. After applying these criteria,
a total of 511 postmenopausal women were included in the final analysis, as illustrated in Figure 1.

Recorded Parameters

Demographic data collected included age, height, weight, menopausal duration, and self-reported comorbidities such as
diabetes, hypertension, and osteoporosis. Laboratory assessments encompassed coagulation markers and lipoprotein(a)
(Lpa), which was included due to its recognized association with thrombotic diseases. BMD measurements of the lumbar
spine (L1-L4) and bilateral femoral sites were obtained using DXA and interpreted by certified technicians. Based on
L1-L4 T-scores, patients were classified into three groups according to World Health Organization (WHO) criteria:
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Female patients who underwent surgical treatment in the
Department of Orthopedics, the First Affiliated Hospital of
Nanjing Medical University, from January to December 2024
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Figure | Flowchart Showing the Inclusion and Exclusion Criteria for Postmenopausal Women in This Study.

normal BMD (T-score > —1.0), osteopenia (—2.5 < T-score < —1.0), and osteoporosis (T-score < —2.5). Clinical
information relevant to venous thromboembolism (VTE) risk—including type of surgery, immobilization status, and
cancer history—was extracted to calculate Caprini scores.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics (version 27.0) and GraphPad Prism (version 9.0). The
distribution of continuous variables was assessed with the Shapiro—Wilk test. Normally distributed data are presented as
mean =+ standard deviation, while categorical variables are expressed as frequencies and percentages. Group comparisons
were conducted using one-way ANOVA for normally distributed continuous variables, the Kruskal-Wallis test for non-
normally distributed variables, and chi-square tests for categorical variables. Pearson correlation and linear regression
analyses were performed to evaluate associations between Caprini scores and clinical parameters, including BMD.
Logistic regression was used to identify independent predictors of high VTE risk (defined as Caprini score >5), adjusting
for age and body mass index (BMI). Results are reported as odds ratios (OR) with corresponding 95% confidence
intervals (CI). Statistical significance was set at p < 0.05.

Results
Baseline Characteristics and DXA Results

The study included 511 postmenopausal women categorized into normal BMD (n = 124), osteopenia (n = 205), and
osteoporosis (n = 182) groups (Table 1). DXA results demonstrated significant differences in T-scores and BMD
among the groups: femoral neck T-scores were 0.31 = 0.48 for the normal group, —1.09 + 0.66 for osteopenia, and
—1.44 + 0.73 for osteoporosis, with corresponding BMD values of 0.70 + 0.17, 0.55 + 0.13, and 0.43 + 0.08,
respectively (p < 0.01). The osteoporosis group exhibited the lowest lumbar spine T-score (—2.46 + 1.75) and BMD
(0.43 £ 0.08), confirming severe bone loss. Clinically, age, menopausal duration, smoking status, and blood pressure
did not differ significantly between groups; however, BMI showed a significant decrease from normal (25.23 + 3.13) to
osteopenia (24.73 £ 3.42), while unexpectedly, the osteoporosis group had a higher BMI (25.77 + 2.79, p < 0.01).
These findings confirm a gradient of bone loss across BMD categories, with osteoporosis demonstrating the most
pronounced skeletal deficits.
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Table | Baseline Characteristics and DXA Results

Normal (N = 124) | Osteopenia (N = 205) | Osteoporosis (N = 182) | All (N =511) p
DXA Result
T Neck 0.31 £0.48 —1.09 + 0.66 —1.44 £ 0.73 —0.88 £ 0.94 | <0.001**
T Troch 1.04 £ 0.87 —0.44 £ 0.71 —0.80 + 0.96 —0.21 % 1.11 < 0.01%*
T Inter 0.55 £ 0.89 —0.55 + 0.78 -1.30 = 1.09 —0.55+ 1.16 | <0.01**
T Total 0.84 £ 1.03 —0.57 + 0.78 —1.14 £ 0.98 —043 £ 1.19 | <0.0I*
T Ward’s 0.88 + 0.88 —1.23 £ 0.69 —1.63 £ 0.81 —0.86 + 1.27 | <0.001**
BMD Neck (g/cm?) 0.70 £ 0.17 0.55 £ 0.13 0.55 £ 0.13 0.59 £ 0.15 < 0.01%*
BMD Trochanter (g/cm?) 0.71 £0.18 0.54 £ 0.11 0.53 £ 0.12 0.58 £ 0.15 < 0.01%*
BMD Inter (g/cm?) 0.82 £ 0.14 0.74 £ 0.18 0.68 £ 0.16 0.74 £ 0.17 < 0.01%*
BMD Total (g/cm?) 0.71 £0.14 0.61 £0.14 0.57 £ 0.14 0.62 £ 0.15 <0.01*
BMD Ward's (g/cm?) 091 £0.25 0.63 £ 0.16 0.60 £ 0.18 0.69 + 0.23 < 0.01%*
TLI 0.29 £ 0.84 —1.18 £ 0.85 —2.30 £ 0.70 =122 £ 127 | <0.001**
TL2 0.64 £+ 1.03 —1.07 + 0.82 —244 +0.78 —1.14 £ 146 | <0.0I*
TL3 0.43 £ 1.04 —1.36 £ 0.73 =3.19 £ 091 —1.57 £ 1.64 | <0.01*
TL4 1.38 £ 1.04 —0.60 + 1.07 —2.66 + 1.18 —0.86 + 1.90 | <0.001**
T Total .11 091 —0.70 + 0.80 —2.29 + 0.85 —0.83 + 1.55 <0.01*
BMD LI (g/cm?) 093 £0.16 0.77 £ 0.15 0.65 £ 0.12 0.77 £ 0.18 < 0.01%*
BMD L2 (g/cm?) 0.88 £ 0.14 0.78 £ 0.17 0.61 £0.12 0.74 £ 0.18 < 0.01%*
BMD L3 (g/cm?) 0.96 £ 0.19 0.83 £ 0.16 0.66 £ 0.13 0.80 + 0.20 <0.01*
BMD L4 (g/cm?) 0.89 £ 0.19 0.74 £ 0.18 0.58 £ 0.13 0.72 £ 0.20 < 0.01%*
BMD Total (g/cm?) 0.78 £ 0.18 0.67 £ 0.16 0.55 £ 0.13 0.65 £ 0.18 < 0.01**
Lowest T —0.08 + 0.56 —1.67 + 0.78 —2.46 + 1.75 —1.57 £ 1.50 | <0.01*
Lowest BMD (g/cm?) 0.59 £ 0.14 0.47 £ 0.09 0.43 £ 0.08 049 £ 0.11 < 0.01%*
Clinical characteristics
Age 64.89 + 643 64.21 + 5.80 64.75 £ 7.37 64.57 + 6.54 0.596
Age at menopause 53.21 £ 237 53.04 + 3.04 53.22 +2.33 53.14 + 2.64 0.763
Years-post menopause 11.66 £ 7.06 11.19 £ 570 11.44 £ 7.40 11.39 + 6.67 0.815
Smoke 9.68% 4.88% 6.59% 6.65% 0.233
Systolic-BP 129.87 + 17.40 131.01 + 15.05 131.03 £ 14.54 130.74 + 15.46 0.771
Diastolic-BP 79.44 £ 9.17 79.37 £ 9.87 8l.21 £ 1111 80.04 + 10.19 0.157
BMI 2523 £ 3.13 2473 + 342 25.77 £ 2.79 2522 £3.17 | <0.01**
p-value (change from Normal) 0.466 < 0.01**
p-value (change from Osteopenia) 0.424

Notes: The difference between the study groups was calculated using the ANOVA and is represented by the p-value. p < 0.05 was taken as significant. *p < 0.05, **p <0.01.
Abbreviations: BMD, Bone Mineral Density; BP, Blood Pressure; BMI, Body Mass Index.

Coagulation Function Indices and VTE Risk Scores

Coagulation function indices and VTE risk scores differed significantly across BMD groups (Table 2), with
prothrombin time (PT) and PT-INR showing only marginal overall differences (p = 0.069 and p = 0.053,
respectively) and limited pairwise significance. In contrast, activated partial thromboplastin time (APTT) progres-
sively shortened with declining BMD (overall p < 0.01), from 28.02 = 1.35 s (normal) to 27.26 = 1.71

Table 2 Coagulation Function Indices and VTE Risk Scores

Normal (N = 124) | Osteopenia (N = 205) | Osteoporosis (N = 182) | All (N =511) p
Coagulation function index
PT (seconds) 11.44 £ 0.62 11.37 + 0.44 11.50 £ 0.56 11.43 +0.53 0.069
p-value (change from Normal) 0.790 1.000
p-value (change from Osteopenia) 0.063
(Continued)
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Table 2 (Continued).

Normal (N = 124) | Osteopenia (N = 205) | Osteoporosis (N = 182) | All (N =511) P
PTINR .33 +£0.14 129 £ 0.16 1.31 £0.16 .31 £0.16 0.053
p-value (change from Normal) 0.046* 0.452
p-value (change from Osteopenia) 0.855
APTT (seconds) 28.02 £ 1.35 2726 £ 1.71 26.88 £ 1.50 2731 £ 1.6l <0.01*
p-value (change from Normal) <0.01%* <0.01**
p-value (change from Osteopenia) 0.053
FIB (g/L) 239 £ 057 2.50 £ 0.47 261 £ 049 251 £ 051 <0.01*
p-value (change from Normal) 0.169 <0.01**
p-value (change from Osteopenia) 0.091
TT (seconds) 15.34 + 1.04 1554 + I.12 15.18 + 0.90 1536 + 1.04 | <0.01*
p-value (change from Normal) 0.275 0.493
p-value (change from Osteopenia) <0.01**
DD2 (ug/mL) 0.29 £ 0.12 0.50 £ 1.00 .61 +1.99 0.84 + 1.46 <0.01*
p-value (change from Normal) 0.489 <0.01**
p-value (change from Osteopenia) <0.01**
LPa 206.63 + 104.00 151.31 +87.82 163.24 + 95.17 168.99 + 96.90 | < 0.01**
p-value (change from Normal) <0.01%* <0.01**
p-value (change from Osteopenia) 0.648
VTE risk score
Caprini Score 5.40 + 2.60 5.60 * 2.60 6.20 £ 3.20 5.80 + 2.80 0.019*
p-value (change from Normal) 1.000 0.026*
p-value (change from Osteopenia) 0.097

Notes: The difference between the study groups was calculated using the ANOVA and is represented by the p-value. p < 0.05 was taken as significant. * p <0.05, ** p <0.01.
Abbreviations: PT, Prothrombin Time; PTINR, PT International Normalized Ratio; APTT, Activated Partial Thromboplastin Time; FIB, Fibrinogen; TT, Thrombin Time; DD
2, D-Dimer.

s (osteopenia) and 26.88 + 1.50 s (osteoporosis), with significant reductions in both osteopenia and osteoporosis
versus normal (p < 0.01) and a marginal further decrease in osteoporosis versus osteopenia (p = 0.053).
Fibrinogen (FIB) levels rose stepwise (overall p < 0.01), from 2.39 + 0.57 g/L (normal) to 2.50 + 0.47 g/L
(osteopenia) and 2.61 + 0.49 g/L (osteoporosis), with significance only between osteoporosis and normal (p <
0.01), linking elevated substrate reserves to heightened thrombus formation risk in advanced osteoporosis.
Thrombin time (TT) exhibited a nonlinear pattern (overall p < 0.01), with a significant shortening in osteoporosis
(15.18 £ 0.90 s) versus osteopenia (15.54 = 1.12 s; p < 0.01). D-dimer (DD2) surged sharply (overall p < 0.01),
from 0.29 £ 0.12 pg/mL (normal) to 0.50 = 1.00 ug/mL (osteopenia) and 1.61 + 1.99 pg/mL (osteoporosis), with
significant elevations in osteoporosis versus both normal and osteopenia (p < 0.01), underscoring markedly
increased thrombotic activity. Lipoprotein(a) [Lp(a)] trended inversely (overall p < 0.01), dropping significantly
from 206.63 £+ 104.00 (normal) to 151.31 + 87.82 (osteopenia) and 163.24 £+ 95.17 (osteoporosis; p < 0.01 versus
normal for both, no difference between osteopenia and osteoporosis; p = 0.648), potentially serving as an
intermediary marker in BMD-coagulation dysregulation. The Caprini score, reflecting VTE risk, increased
progressively (overall p = 0.019), from 5.40 + 2.60 (normal) to 5.60 + 2.60 (osteopenia) and 6.20 + 3.20
(osteoporosis), with significance between osteoporosis and normal (p = 0.026). These findings suggest that
postmenopausal women with lower BMD exhibit prothrombotic alterations in coagulation function and an
increased risk of VTE.

Comparison Between High and Low VTE Risk Groups

The Caprini score classifies individuals with scores >5 as “very high risk” for VTE."* Accordingly, we divided the cohort into two
groups based on this cutoff (=5 vs <5) for analysis (Table 3). DXA results revealed that participants with Caprini scores >5 had
significantly lower BMD and more negative T-scores at multiple skeletal sites compared to those with scores <5. The
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Table 3 Comparison Between High and Low VTE Risk Groups

Caprini Score <5 (N=202) | Caprini Score =5 (N=309) P
DXA Result
T Neck —0.80 + 0.95 —0.93 £ 0.94 0.122
T Troch —0.14 + 1.13 —0.26 £ 1.10 0.247
T Inter —0.39 % 1.16 —0.65 £ 1.15 0.013*
T Total —0.32 + 1.25 —0.50 + I.15 0.088
T Ward’s —0.76 + 1.35 —0.93 + 1.21 0.149
BMD Neck (g/cm?) 0.61 £0.17 0.57 £ 0.14 < 0.01%*
BMD Troch (g/cm?) 0.61 £0.16 0.55 £ 0.14 < 0.01%*
BMD Inter (g/cm?) 0.77 £ 0.17 0.71 £0.17 < 0.01%*
BMD Total (g/cm?) 0.66 £ 0.15 0.59 £ 0.14 < 0.01%*
BMD Ward's (g/cm?) 0.71 £ 0.24 0.67 £ 0.22 0.025%*
TLI —1.12 £ 1.35 -1.29 £ 1.20 0.158
TL2 —1.02 + 1.52 —1.23 + 1.4] 0.111
TL3 -1.37 £ 1.70 —1.71 £ 1.59 0.021*
TL4 —0.76 + 1.92 —0.92 + 1.89 0.335
T Total -0.71 £ 1.59 —0.90 + 1.52 0.189
BMD LI (g/cm? 0.78 £ 0.19 0.75 £ 0.17 0.072
BMD L2 (g/cm?) 0.76 £ 0.19 0.73 £ 0.18 0.166
BMD L3 (g/cm?) 0.81 £0.20 0.79 £ 0.19 0.297
BMD L4 (g/cm? 0.74 £ 0.21 0.71 £ 0.20 0.136
BMD Total (g/cm?) 0.67 £ 0.19 0.64 £ 0.17 0.03*
lowest T —1.54 + 1.46 —1.59 £ 1.52 0.722
Lowest BMD (g/cm?) 0.52 £ 0.13 0.46 £ 0.10 < 0.01%*
Clinical characteristics
Age 64.26 + 6.49 64.77 £ 6.58 0.389
Age at menopause 52.89 +2.48 5331 £273 0.085
Years-post menopause 11.33 + 6.62 1143 + 6.72 0.869
Smoke 0.0792 0.0583 0.352
Systolic-BP 132.01 £ 15.51 129.91 £ 15.40 0.134
Diastolic-BP 81.14 + 9.67 79.33 £ 1047 0.05
BMI 25.12 + 3.02 25.28 + 3.26 0.578
Coagulation function index
LPa 175.57 £ 96.76 164.68 + 96.90 0.214
PT 11.45 + 0.53 11.42 £ 0.53 0.545
PTINR 1.28 £ 0.14 1.33 £ 0.16 < 0.01%*
APTT 2741 + 1.60 27.24 £ 1.6l 0.245
FIB 2.53 £ 0.53 2.50 + 0.50 0.612
TT 15.55 + 1.04 15.24 + 1.02 < 0.01%*
DD2 0.85 + 1.46 0.84 + 1.47 0.971

Notes: The difference between the study groups was calculated using the ANOVA and is represented by the p-value. ¥p <

0.05, #p <0.01.

Abbreviations: BMD, Bone Mineral Density; BP, Blood Pressure; Lpa, Lipoprotein A; BMI, Body Mass Index; PT,
Prothrombin Time; PTINR, PT International Normalized Ratio; APTT, Activated Partial Thromboplastin Time; FIB,
Fibrinogen; TT, Thrombin Time; DD 2, D-Dimer.

intertrochanteric T-score in the high-risk group was significantly lower than that in the low-risk group (—0.65 + 1.15 vs —0.39 +
1.16, p = 0.013). There were no significant differences in T-scores at other sites (femoral neck T-score: —0.93 £ 0.94 vs —0.80 +
0.95, p = 0.122; trochanter T-score: —0.26 + 1.10 vs —0.14 + 1.13, p = 0.247; Ward’s area T-score: —0.90 + 1.21 vs —0.76 £ 1.25,
p = 0.148; lowest total T-score: —1.64 + 0.57 vs —1.54 + 0.46, p = 0.722). BMD was significantly lower in the high-risk group at
multiple skeletal sites. Femoral neck BMD (0.57 £ 0.14 vs 0.61 £ 0.17, p < 0.01), trochanter BMD (0.55 + 0.14 vs 0.61 + 0.16,
p<0.01), total BMD (0.59 + 0.14 vs 0.67 £ 0.15, p < 0.01), and Ward’s area BMD (0.67 + 0.22 vs 0.71 + 0.24, p = 0.025) were all
significantly lower than in the low-risk group. The lowest BMD (0.46 + 0.10 vs 0.52 + 0.13, p < 0.01) was also significantly
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lower. There were no significant differences in lumbar spine L1-L4 BMD (L1: 0.70 £ 0.17 vs 0.71 £ 0.19, p = 0.189; L.2: 0.73 £
0.18 vs 0.76 £ 0.19, p=0.166; L3: 0.79 £ 0.19 vs 0.81 + 0.20, p = 0.297; L4: 0.71 £ 0.20 vs 0.74 £ 0.21, p = 0.136). These results
indicate a consistent pattern of reduced hip and total BMD in postmenopausal women at high VTE risk. Clinically, age
(p = 0.389), menopausal duration (p = 0.869), and BMI (p = 0.578) did not differ significantly between groups. Regarding
coagulation indices, PT-INR was higher in the >5 group (1.33+0.16 vs 1.28 £0.14, p <0.01), while TT was shorter (15.24 + 1.02
s vs 15.55 + 1.04 s, p < 0.01). Other markers including Lpa, APTT, FIB, and DD2 showed no significant differences. These
results indicate that postmenopausal women with elevated VTE risk, as reflected by higher Caprini scores, exhibit lower BMD
and certain alterations in coagulation parameters, suggesting a potential link between thrombotic risk and bone health.

Univariate and Multivariate Logistic Regression of VTE Risk Groups

Univariate and multivariate logistic regression analyses were performed to examine the association between BMD,
coagulation function indices, and VTE risk, adjusting for covariates including BMI, age, blood pressure, and
smoking status (Table 4). The lowest BMD emerged as a strong independent predictor of VTE risk, with univariate
analysis yielding an OR of 0.011 (95% CI: 0.002—0.061, p < 0.01) and multivariate analysis confirming this
association (OR = 0.02; 95% CI: 0.003-0.164; p < 0.01), indicating that lower BMD significantly elevates VTE
risk. In contrast, coagulation parameters such as Lpa, PT, APTT, FIB, TT, and DD2 did not show significant
independent associations with VTE risk in multivariate models. Although TT showed a significant negative
correlation with VTE risk in univariate analysis (OR = 0.745, p < 0.01), this association lost significance after
adjusting for confounders. These results highlight BMD as a potentially valuable biomarker for VTE risk stratifica-
tion in postmenopausal women, whereas traditional coagulation markers have limited predictive value once clinical
variables are accounted for.

Pearson Correlation and Linear Regression Analysis of Caprini Score

To investigate factors influencing the Caprini score, Pearson correlation analysis was performed. A significant negative
correlation was observed between the lowest BMD and the Caprini score (r = —0.241, p < 0.01) (Table 5), indicating that
lower BMD is associated with a higher risk of thromboembolism. Among the coagulation indices, TT also showed
a significant negative correlation with the Caprini score (r = —0.142, p < 0.01), whereas other markers—including PT,
APTT, FIB, DD2, and Lpa—exhibited weak or non-significant associations. Interestingly, the lowest BMD was positively
correlated with both TT (r = 0.450, p < 0.01) and Lpa (r = 0.216, p < 0.01), suggesting a potential physiological link
between bone metabolism and coagulation pathways. The results provided partial support for the core hypothesis that, in
postmenopausal women, lower bone mineral density (BMD) is negatively associated with the Caprini score, with the
score expected to increase progressively as BMD declines from normal to osteopenia and then to osteoporosis.
Specifically, linear regression analyses across all three bone health groups revealed significant negative correlations

Table 4 Univariate and Multivariate Logistic Regression of VTE Risk Groups

Variables Univariate Multivariate
OR (95% CI for OR) P OR (95% CI for OR) P

Lowest BMD 0.011 (0.002-0.061) < 0.01** 0.02 (0.003-0.164) < 0.01%*
LPa 0.999 (0.997-1.001) 0214 0.998 (0.996-1.001) 0.155
PT 0.902 (0.645-1.260) 0.544 0.895 (0.579-1.382) 0616
APTT 0.936 (0.838-1.046) 0.244 0.89 (0.771-1.027) 0.11
FIB 0.914 (0.645-1.294) 0611 0.881 (0.57-1.363) 0.57
TT 0.745 (0.625-0.888) < 0.01** 0.87 (0.702-1.078) 0.204
DD2 0.998 (0.884—1.126) 0.971 0.887 (0.767—-1.027) 0.109

Notes: Logistic regression was performed after covariate adjustment for BMI, age, blood pressure, and
smoking status. *p <0.01.

Abbreviations: BMD, Bone Mineral Density; Lpa, Lipoprotein A; PT, Prothrombin Time; APTT, Activated
Partial Thromboplastin Time; FIB, Fibrinogen; TT, Thrombin Time; DD 2, D-Dimer; OR, odds ratio; Cl,
confidence interval.
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Table 5 Pearson Analysis of Caprini Score

Lowest BMD | Caprini Score PT APTT FIB TT DD2 | LPa
Lowest BMD I
Caprini Score —0.241** |
PT —0.053 0.061 |
APTT 0.055 0.011 0.320%* |
FIB 0.04 —0.063 0.165%F | 0.181%* [
TT 0.450%* —0.142%* —0.023 | —0.116%* | —0.139** |
DD2 —0.099* —0.038 0.099% | —0.155% | 0.327% | —0.047 |
LPa 0.216** —0.035 —0.022 | —0.228% | —0.114* | 0.011 | 0.016 |

Notes: *p <0.05, **p <0.01.
Abbreviations: BMD, Bone Mineral Density; Lpa, Lipoprotein A; PT, Prothrombin Time; APTT, Activated Partial Thromboplastin
Time; FIB, Fibrinogen; TT, Thrombin Time; DD 2, D-Dimer.

between BMD and Caprini scores. In the normal bone mass group, each 1 g/cm? increase in BMD was associated with
an average decrease of 4.356 points in the Caprini score (slope = —4.356, p = 0.0163, R* = 0.046). In the osteopenia
group, this association was more pronounced, with 8.865-point decrease per 1 g/cm> BMD increase (slope = —8.865,
p < 0.0001, R? = 0.085). In the osteoporosis group, the score decreased by 7.043 points for each 1 g/em? BMD increase
(slope = —7.043, p = 0.0237, R? = 0.028) (Figure 2), indicating a significant but attenuated relationship. While the overall
negative correlation between BMD and Caprini score was consistently confirmed, the anticipated continuous escalation of
the score with progressive BMD decline exhibited stage-specific variations: the impact of BMD was most evident during
the osteopenia stage, whereas in the osteoporosis stage, confounding factors—such as inflammation and immobilization—
diminished the explanatory power of BMD,'*'® resulting in a less linear progression of the score. Collectively, these
findings reinforce the independent predictive value of BMD for thromboembolic risk and highlight a potential interaction
between bone health and coagulation function.

Discussion

This study clarifies the significant clinical association between low bone mineral density (BMD) and elevated risk of
deep vein thrombosis (VTE) in postmenopausal women. Multivariate logistic regression analysis confirmed that the
lowest tertile of BMD, across femoral neck, trochanter, and lumbar spine sites, independently predicts a moderate-to-high
VTE risk (OR=0.02, 95% CI: 0.003-0.164, p < 0.01) even after adjusting for age, BMI, and comorbidities. This finding

is consistent with the gradient increase in Caprini scores from the normal BMD group (5.40+2.60) to the osteoporosis

Normal Osteopenia Osteoporosis
Y =-4.356*X +7.980 Y =-8.865*X +9.773 Y =-7.043*X + 9.269
R2=0.05 p=0.0163 R2=0.09 p <0.0001 R2=0.03 p =0.0237
20 15+ 20+
154 ° ° ee o0 = o oo
5 Fal "o 5" -
@ 8 b rsadion Mg * 2 cemm’ oo o o
& 407 z o cmitn * =07 NStk
o \a . we o a o mow . .
0 T T T 1 0 .n b .1 > T 1 0 tot T 1
0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8
Lowest BMD (g/cm2) Lowest BMD (g/cm2) Lowest BMD (g/cm2)

Figure 2 Subgroup linear regression analyses revealed that Caprini scores exhibit differing patterns across different BMD categories.
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group (6.20+3.20, p = 0.019), accompanied by prothrombotic changes in coagulation markers (reduced APTT, elevated
FIB and DD2) in the low-BMD group, which is of great reference value for clinical risk assessment.

The inverse correlation between BMD and VTE risk provides a new perspective for the clinical assessment of VTE in
postmenopausal women. Clinical studies have confirmed that the vitamin K-dependent pathway plays a key role in both
bone metabolism and the coagulation system, and the researchers provided evidence for this association.'” In clinical
practice, postmenopausal estrogen deficiency is an important common risk factor. Previous studies reveal its impact from
the perspectives of bone metabolism and vascular function respectively, suggesting that in clinical practice, the dual
effect of this factor on BMD and VTE risk should be considered comprehensively.'®!" These mechanisms involve
a complex interplay between pro-inflammatory cytokines, complement activation, and endothelial dysfunction, all of
which may contribute to both bone resorption and thrombus formation.?*!

Inflammatory mechanisms play a significant role in the clinical link between bone mineral density BMD and VTE,
with existing evidence supporting the involvement of immune-mediated cross-activation in this association.”
Inflammatory mechanisms may be the potential mechanism underlying the significant differences observed in coagula-
tion indices (APTT, FIB, TT, DD2, LPa) among different bone status subgroups. This study did not directly include
traditional inflammatory markers (such as C-reactive protein), which requires follow-up studies. Notably, in this study,
the body mass index (BMI) in the osteoporosis group was elevated (25.77 £ 2.79), significantly higher than in the
osteopenia group (24.73 + 3.42) and the normal bone mass group (25.23 £ 3.13; overall p < 0.01). Although elevated
BMI is a well-established risk factor for thrombosis—and osteoporosis itself confers additional thrombotic risk—the
osteopenia group paradoxically exhibited a relative decrease in BMI, underscoring the complex interplay between
adiposity, bone health, and vascular outcomes in postmenopausal women.>> This paradox may reflect underlying
metabolic adaptations or chronic inflammation, indicating that BMI alone may not reliably indicate either protection
against bone loss or a reduced risk of thrombotic events.?**’

From a clinical perspective, the results of this study extend previous findings on the relationship between BMD and
vascular health. Prior evidence supports the association between BMD and vascular-related risks, including cardiovas-
cular diseases such as VTE, from multiple pathophysiological perspectives.®*’ This study uniquely establishes lowest
BMD as an independent predictor of VTE risk in postmenopausal women, via univariate and multivariate logistic
regression analysis. Univariate analysis revealed a significant association (OR = 0.011; 95% CI: 0.002-0.061; p < 0.01),
which persisted after multivariate adjustment for traditional coagulation markers and confounders (OR = 0.02; 95% CI:
0.003-0.164; p < 0.01), confirming that lower BMD strongly elevates VTE risk. In contrast, traditional markers showed
limited multivariate predictive value: DD2 (OR = 0.887; 95% CI: 0.767-1.027; p = 0.109) and FIB (OR = 0.881; 95%
CI: 0.57-1.363; p = 0.57) lacked significance, likely due to confounders like inflammation or trauma, as noted in prior
studies.”®%°

Clinically relevant limitations of this study include potential selection bias inherent in the hospital-based sample,
which may limit the generalizability of findings to the broader population. Additionally, the cross-sectional design
precludes causal inference, which should be taken into account when applying the findings to clinical practice. Future
clinical studies should prioritize multicenter prospective cohort studies with expanded sample coverage and long-term
follow-up to systematically validate the clinical value of BMD as a biomarker for VTE risk. Meanwhile, exploring VTE
risk assessment and intervention strategies based on BMD will help improve the clinical management of bone-vascular

comorbidities in postmenopausal women.

Conclusion

This study is the first to confirm that lower BMD in postmenopausal women serves as an independent predictor of VTE
risk, outperforming traditional coagulation markers. These findings substantiate our hypothesis that the Caprini score
rises progressively as BMD declines from normal to osteopenia and then to osteoporosis. Clinically, integrating BMD
into tools like the Caprini score enables streamlined bone-thrombosis risk stratification, optimizing personalized
preventive strategies and facilitating early identification of high-risk patients.
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