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Abstract

Background: To analyze the bone mineral density (BMD) status of postmenopausal women, thereby providing a basis for precise
clinical nursing interventions, an area that remains underexplored in tailored gerontological nursing practice. Methods: This was a
retrospective and cross-sectional study. A total of 1375 postmenopausal women aged 45–59 years who underwent BMD examination at
Jinhua Hospital of Zhejiang University from January 1, 2025, to December 31, 2025 were retrospectively enrolled. Demographic data,
bone metabolism markers, sex hormones, blood lipids, and other relevant indices were collected. Participants were categorized into three
groups based on BMD results: normal BMD, osteopenia, and osteoporosis. Intergroup comparisons were performed using the Kruskal-
Wallis test, one-way analysis of variance (ANOVA), or the χ2 test. Independent associated factors were identified using multinomial
logistic regression, and subgroup analyses were performed. Results: Subgroup analysis revealed that BMD decreased with increasing
age (p < 0.001) and decreasing body mass index (BMI) (p < 0.001), and that BMD distribution also differed among occupational types (p
= 0.001). Compared with the normal BMD group, univariate analysis and multinomial logistic regression showed that older age, lower
BMI, lower serum calcium, and elevated alkaline phosphatase (ALP) were independently associated with osteopenia (p < 0.05 for all).
Estradiol levels also showed a statistically significant but clinically negligible association (p = 0.035). Older age, lower BMI, elevated
ALP, lower testosterone, and elevated lipoprotein(a) levels were identified as independent predictors for osteoporosis (p < 0.05 for all).
Conclusions: Increasing age, low BMI, increased bone turnover, reduced testosterone, and elevated lipoprotein(a) were identified as
factors significantly associated with reduced BMD in postmenopausal women.
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1. Introduction

Osteoporosis is a systemic skeletal disorder character-
ized by reduced bone mass and deterioration of bone mi-
croarchitecture. It is associated with an increased risk of
fractures, disability, and mortality, thus representing a ma-
jor global health challenge for middle-aged and older adults
[1]. Following menopause, the decline in ovarian function
and the consequent reduction in estrogen levels lead to a
significantly accelerated rate of bone loss in women, plac-
ing this population at high risk for osteoporosis [2,3]. Up
to 40% of women will experience an osteoporotic fracture
after 50 years of age. with hip fractures in particular asso-
ciated with severe disability and increased mortality [4,5].

Bone mineral density (BMD), measured by dual-
energy X-ray absorptiometry (DXA), is the gold standard
for osteoporosis diagnosis [6,7]. Previous studies have
identified age, years since menopause, body mass index
(BMI), physical activity, calcium and vitamin D intake, as
well as bone turnover markers as key determinants of bone
health in postmenopausal women [8,9,10]. However, the
effects of these factors vary significantly across geographic
regions and populations [11].

In recent years, the research perspective on osteoporo-
sis has expanded beyond traditional endocrine metabolism
to include broader cardiometabolic pathways and the sex
hormone axis. Multiple studies suggest that dyslipidemia,
elevated lipoprotein(a), and reduced endogenous andro-
gen levels may be associated with reduced BMD in post-
menopausal women; however, existing evidence remains
inconsistent. Furthermore, there is a paucity of local-
ized, region-specific data focusing on middle-aged women
in defined populations [12,13,14], particularly integrating
emerging biomarkers, to inform clinical practice [15]. Cur-
rently, nursing interventions for osteoporosis rely heav-
ily on generalized health education, with limited evidence-
based pathways tailored to quantifiable individual-level risk
factors [15].

Therefore, this study conducted a retrospective anal-
ysis of 1375 postmenopausal women aged 45-59 years in
the Jinhua region. We aimed to characterize the distribu-
tion of BMD status in this population, identify independent
risk factors for osteopenia and osteoporosis, and provide an
evidence-based foundation for the development of region-
alized and individualized nursing intervention strategies.
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2. Materials and Methods
2.1 Patient Selection

This was a retrospective, cross-sectional study involv-
ing consecutive sampling. A total of 1375 postmenopausal
women aged from 45 to 59 years who underwent osteo-
porosis screening at Jinhua Hospital of Zhejiang University
from January 1, 2025, to December 31, 2025. The inclu-
sion criteria were as follows: (1) females aged 45–59 years;
(2) natural menopause for ≥ 1 year; and (3) completion of
BMD testing and measurement of relevant blood biochem-
ical indicators. The exclusion criteria were as follows: (1)
secondary osteoporosis; (2) long-term use of medications
affecting bone metabolism; (3) severe liver or kidney dys-
function; and (4) a history of recent fractures or surgery in
the lumbar spine or hip joint. For each patient, we collected
general demographic data, including age, BMI, occupation,
and number of pregnancies. Blood biochemical indica-
tors measured within 3 months of the BMD examination
were compiled, including bone metabolism markers (to-
tal 25-hydroxyvitamin D, N-terminal osteocalcin, parathy-
roid hormone, calcitonin, serum calcium, β-CrossLaps [β-
CTx], and alkaline phosphatase [ALP]), sex hormones
(testosterone, follicle-stimulating hormone, and estradiol),
and lipid profiles (low-density lipoprotein cholesterol, total
cholesterol, triglycerides, lipoprotein(a), apolipoprotein A,
apolipoprotein B, and high-density lipoprotein cholesterol).
This study was approved by the Ethics Committee of Jinhua
Municipal Central Hospital.

2.2 BMD Measurement and Diagnostic Criteria

In this study, BMD was measured using DXA with a
Prodigy Primo scanner (Model Prodigy Primo, GE Health-
care, 350222MA, Madison, WI, USA), which is currently
recognized as the gold standard for BMD assessment.

Calibration protocol and quality control: Daily cali-
bration was performed each morning prior to patient scan-
ning using a manufacturer-provided spine phantom, in ac-
cordance with the instrument’s standard operating proce-
dures. The coefficient of variation for BMD measurements
was maintained at < 1.0% throughout the study period, en-
suring instrument stability and measurement accuracy. All
scans were conducted by certified nuclear medicine techni-
cians who had received standardized training, and all im-
ages and reports were reviewed and approved by licensed
nuclear medicine physicians.

Diagnostic criteria: Regions of interest (ROIs) were
delineated at the anteroposterior lumbar spine (L1-L4),
femoral neck, total hip, and the 33% radius site. The lowest
T-score among these sites was then selected for diagnosis.
Based on theWorld Health Organization (WHO) classifica-
tion criteria for postmenopausal women, participants were
categorized into three groups: normal bone mass (T-score≥
–1.0), osteopenia (–2.5 < T-score < –1.0), and osteoporosis
(T-score≤ –2.5) [16]. Participants with severe osteoporosis

(T-score ≤ –2.5 with fragility fracture) were included in the
osteoporosis group for analysis.

2.3 Blood Biochemical Indicator Testing
Venous blood samples were collected from all sub-

jects after an overnight fast of the following key in-
dicators were measured: (1) bone metabolism markers
(25-hydroxyvitamin D, N-terminal osteocalcin, parathyroid
hormone, calcitonin, serum calcium, ALP, and β-CTx); (2)
sex hormones (estradiol, follicle-stimulating hormone, and
testosterone); and (3) lipid profile (low-density lipoprotein,
total cholesterol, triglycerides, lipoprotein(a), apolipopro-
tein A, apolipoprotein B, and high-density lipoprotein).

2.4 Statistical Analysis
Data analysis was performed using the Statistical

Package for the Social Sciences (SPSS) (Version 20.0, IBM
Corp., Armonk, NY, USA) and Python statistical software
(Version 3.12.3, Python Software Foundation, Wilmington,
DE, USA). Normality was assumed if the Shapiro-Wilk test
p-value was > 0.05. Normally distributed continuous vari-
ables are expressed as the mean ± standard deviation (x̄
± SD), non-normally distributed variables as median (in-
terquartile range, IQR), and categorical variables as number
(percentage). Comparisons among the three BMD groups
(normal, osteopenia, osteoporosis) were performed using
the Kruskal-Wallis test for non-normally distributed contin-
uous variables or one-way analysis of variance (ANOVA)
for normally distributed variables. Intergroup compar-
isons for categorical variables were performed using the
chi-squared test. Benjamini-Hochberg false discovery rate
(FDR) correction was applied to all p-values obtained from
the univariate analyses (Kruskal-Wallis test, ANOVA, and
chi-square test). Multinomial logistic regression models
were used for multivariate analysis, utilizing the normal
BMD group used as the reference category. Two logit
models were established to calculate odds ratios (ORs) and
95% confidence intervals (CIs). Stratified analysis was per-
formed based on age, BMI, and occupation type. Model fit
was assessed using the Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC). Lower AIC and
BIC values indicate a better model fit. The likelihood ra-
tio test was also used to compare the final model with the
intercept-only model. p < 0.05 was considered statistically
significant.

3. Results
Baseline characteristics of the 1375 postmenopausal

women aged 45–59 years included in the study are shown
in Table 1. The median age was 55.00 years (IQR: 52.00–
57.00), and the median BMI was 23.05 kg/m2 (IQR: 21.03–
25.03). Among the participants, 54.1% had given birth to
0–1 child, 40.8% had two children, and 5.2% had three or
more children. Furthermore, 71.9% were engaged in physi-
cal labor, whereas 28.1%were engaged inmental labor. Re-
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Table 1. Baseline demographics, bone metabolism, hormone, and lipid profiles in postmenopausal women aged 45–59 years (n =
1375).

Parameter Cases (n) Median (IQR)

Age (years) 1375 55.00 (52.00, 57.00)
Parity (n) 1345
0–1 727
2 548
≥3 70

Occupation Type 761
Mental labor 214
Manual work 547

BMI (kg/m2) 1375 23.05 (21.03, 25.03)
Total 25-Hydroxyvitamin D (ng/mL) 364 19.88 (15.62, 23.48)
N-terminal Osteocalcin (ng/mL) 211 19.66 (13.47, 29.40)
Parathyroid Hormone (pg/mL) 201 41.70 (25.80, 57.80)
Calcitonin (pg/mL) 153 1.72 (1.38, 2.33)
Serum Calcium (mmol/L) 1249 2.29 (2.21, 2.36)
β-CTx (ng/mL) 211 0.71 (0.51, 1.02)
ALP (U/L) 1344 77.00 (62.00, 93.00)
Testosterone (ng/mL) 188 0.94 (0.64, 1.43)
Follicle-Stimulating Hormone (mIU/mL) 199 41.51 (26.84, 59.50)
Estradiol (pg/mL) 161 55.10 (55.10, 93.48)
Low-Density Lipoprotein Cholesterol (mmol/L) 1323 3.04 (2.61, 3.50)
Total Cholesterol (mmol/L) 1323 4.80 (4.12, 5.48)
Triglycerides (mmol/L) 1323 1.35 (0.95, 1.92)
Lipoprotein(a) (mg/L) 1044 126.00 (56.00, 285.00)
Apolipoprotein A (g/L) 1245 1.34 (1.19, 1.50)
Apolipoprotein B (g/L) 1245 0.82 (0.69, 0.97)
High-Density Lipoprotein Cholesterol (mmol/L) 1323 1.29 (1.11, 1.50)
Data are presented as median (IQR) for continuous variables, and as number (n) for cat-
egorical variables. BMI, body mass index; ALP, alkaline phosphatase; β-CTx, β- Cross-
Laps; IQR, interquartile range.

garding bone metabolism, vitamin D levels were generally
low in this population, with a median 25-hydroxyvitamin
D level of 19.88 ng/mL. Some bone turnover markers
(N-terminal osteocalcin, β-CTx) showed considerable in-
terindividual variability. Sex hormone levels (testosterone,
follicle-stimulating hormone, and estradiol) were consis-
tent with a postmenopausal status. Lipid parameters sug-
gested that some participants may exhibit suboptimal lipid
profiles.

Fig. 1 illustrates the distribution of BMD among post-
menopausal women, stratified by age, BMI, and occupation
type. For the stratified analysis, participants were catego-
rized by age groups (45–49, 50–54, and 55–59 years), BMI
categories based on the WHO Asia-Pacific classification
(underweight: <18.5 kg/m2; normal: 18.50–23.9 kg/m2;
overweight: 24.0–27.9 kg/m2; obese: ≥28.0 kg/m2) [17],
and occupation type (mental labor vs. manual work). With
increasing age, the proportion of participants with normal
BMD decreased, whereas the proportions of those with os-
teopenia and osteoporosis showed an upward trend. A pos-
itive correlation was observed between BMI and healthy

bone status (Pearson’s r = 0.603, p < 0.0001), with a clear
dose-response pattern. Regarding occupation type, the pro-
portion of individuals engaged in manual work with normal
BMD was lower than that of those engaged in mental la-
bor, whereas the proportion with osteoporosis was higher
among manual laborers (p = 0.001). These findings sug-
gest that differences in bone health status may exist across
different patterns of occupational activity.

Univariate analysis revealed significant differences
among the three BMD groups for age, occupation, par-
ity, BMI, N-terminal osteocalcin, ALP, testosterone, estra-
diol, low-density lipoprotein, triglycerides, and apolipopro-
tein B (p < 0.05 for all; all remained significant after FDR
correction). Serum calcium showed a nominal associa-
tion in the uncorrected analysis (p = 0.046) but did not
remain statistically significant after FDR correction (ad-
justed p = 0.064). Lipoprotein(a) showed a trend toward
significance in the uncorrected analysis (p = 0.053) but
was not significant after FDR correction (adjusted p =
0.069). No significant differences were observed for total
25-hydroxyvitamin D, parathyroid hormone, calcitonin, β-
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Fig. 1. BMD distribution of postmenopausal women. (a) Age stratification; (b) BMI stratification; (c) Occupational type stratification.
BMD, bone mineral density.
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Table 2. Univariate analysis of factors associated with BMD in postmenopausal women aged 45–59 years.
Parameter Statistical

value
p-value FDR-

adjusted
p-value

Normal group Osteopenia group Osteoporosis group

Age (years) 92 <0.001 <0.001 54.00 (52.00, 56.00) 56.00 (53.00, 58.00) 57.00 (54.00, 59.00)
Occupation Type 13.73 0.001 0.003
Manual work 212 267 68
Mental labor 110 92 12

Parity 15.24 0.004 0.008
0–1 316 353 58
2 244 237 67
≥3 19 42 9

BMI (kg/m2) 56.90 <0.001 <0.001 23.44 (21.87, 25.78) 22.66 (21.01, 24.65) 21.97 (20.00, 24.03)
Total 25-Hydroxyvitamin D
(ng/mL)

0.27 0.765 0.765 19.86 ± 6.32 19.98 ± 6.95 20.72 ± 6.27

N-terminal Osteocalcin
(ng/mL)

10.92 0.004 0.008 17.14 (13.45, 23.54) 20.71 (15.00, 31.06) 21.74 (16.06, 35.97)

Parathyroid Hormo-
ne (pg/mL)

5.35 0.069 0.085 42.40 (29.75, 55.40) 39.65 (29.35, 53.28) 46.65 (36.80, 67.05)

Calcitonin (pg/mL) 2.33 0.312 0.312 1.73 (1.40, 2.21) 1.70 (1.42, 2.20) 2.07 (1.41, 3.06)
Serum Calcium (mmol/L) 6.17 0.046 0.064 2.30 (2.23,2.36) 2.28 (2.22, 2.35) 2.28 (2.20, 2.36)
β-CTx (ng/mL) 4.99 0.083 0.094 0.66 (0.48, 1.00) 0.86 (0.57, 1.16) 0.65 (0.47, 1.18)
ALP (U/L) 14.23 0.0008 0.003 74.00 (62.00, 89.00) 79.00 (67.00, 92.00) 80.50 (64.75, 99.25)
Testosterone (ng/mL) 9.46 0.009 0.014 1.01 (0.68, 1.56) 0.92 (0.65, 1.41) 0.64 (0.51, 0.87)
Follicle-Stimulating Hormone
(mIU/mL)

2.37 0.096 0.104 41.91 ± 23.93 49.76 ± 26.58 42.66 ± 13.60

Estradiol (pg/mL) 7.67 0.022 0.032 55.10 (55.10, 103.90) 55.10 (55.10, 56.85) 55.10 (55.1, 55.1)
Low-Density Lipoprotein
Cholesterol (mmol/L)

9.38 0.009 0.014 3.05 (2.61, 3.60) 3.05 (2.57, 3.54) 2.85 (2.33, 3.43)

Total Cholesterol (mmol/L) 5.14 0.076 0.090 4.83 (4.21, 5.55) 4.79 (4.18, 5.52) 4.62 (3.91, 5.39)
Triglycerides (mmol/L) 10.71 0.005 0.009 1.38 (0.99, 1.93) 1.35 (0.99, 1.90) 1.12 (0.90, 1.62)
Lipoprotein(a) (mg/L) 5.88 0.053 0.069 118.00 (61.00, 256.00) 130.50 (61.00, 282.25) 162.00 (83.00, 352.00)
Apolipoprotein A (g/L) 1.20 0.550 0.550 1.33 (1.21, 1.48) 1.34 (1.21, 1.49) 1.37 (1.22, 1.53)
Apolipoprotein B (g/L) 12.29 0.002 0.005 0.84 (0.70, 1.00) 0.81 (0.67, 1.00) 0.75 (0.62, 0.93)
High-Density Lipoprotein
Cholesterol (mmol/L)

4.12 0.128 0.133 1.27 (1.08, 1.52) 1.30 (1.11, 1.52) 1.32 (1.13, 1.60)

Data are presented as median (IQR) for continuous variables and as number (n) for categorical variables. Comparisons among three groups
were performed using the Kruskal-Wallis test (for continuous variables) or the Chi-squared test (for categorical variables). p-values were
adjusted using the Benjamini-Hochberg FDR method to account for multiple comparisons. Bold indicates statistical significance after FDR
correction (adjusted p < 0.05).* BMD, bone mineral density; FDR, false discovery rate.

CTx, follicle-stimulating hormone, total cholesterol, high-
density lipoprotein cholesterol, or apolipoprotein A (p >
0.05 for all) (Table 2).

Variables identified as significant (p < 0.05) in the uni-
variate analysis were subsequently included in the multino-
mial logistic regressionmodel (Table 3). Comparedwith in-
dividuals with normal BMD, osteopenia was independently
associatedwith older age, lower BMI, lower serum calcium,
higher ALP, and higher estradiol. Compared with nor-
mal BMD, osteoporosis was significantly associated with
age, BMI, ALP, testosterone, and lipoprotein(a). ALP (p =
0.015) and lipoprotein(a) (p = 0.041) were positively corre-
lated with osteoporosis, while serum testosterone exhibited

a negative correlation (OR = 0.10; 95% CI: 0.02–0.50, p =
0.005).

4. Discussion
This study retrospectively analyzed BMD status and

its associated multifactorial correlates among 1375 post-
menopausal women aged 45–59 years in the Jinhua region.
The primary aim was to extend beyond established demo-
graphic and lifestyle factors by incorporating an expanded
panel of biochemical indicators, encompassing markers of
bone metabolism, sex hormones, and lipid profiles, to iden-
tify independent risk factors for osteopenia and osteoporo-
sis. This study addresses a key gap in the literature, namely
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Table 3. Multinomial logistic regression analysis of factors associated with osteopenia and osteoporosis in postmenopausal
women aged 45–59 years.

Parameter Regression Coefficient (B) SE Wald Statistic p-Value OR 95% CI

Osteopenia Group vs. Normal BMD
Group

Age (years) 0.145 0.020 50.834 <0.0001 1.16 [1.11, 1.20]
BMI (kg/m2) –0.125 0.020 37.700 <0.0001 0.88 [0.85, 0.92]
Serum Calcium –1.453 0.590 6.076 0.014 0.23 [0.07, 0.74]

ALP 0.009 0.003 11.253 0.001 1.01 [1.00, 1.01]
Estradiol 0.002 0.001 4.445 0.035 1.00 [1.00, 1.01]

Osteoporosis Group vs. Normal BMD
Group

Age (years) 0.274 0.039 49.335 <0.0001 1.32 [1.22, 1.42]
BMI (kg/m2) –0.224 0.036 38.977 <0.0001 0.80 [0.75, 0.86]

ALP 0.010 0.004 5.893 0.015 1.01 [1.00, 1.02]
Testosterone –2.307 0.825 7.822 0.005 0.10 [0.02, 0.50]
Lipoprotein(a) 0.001 0.001 4.167 0.041 1.00 [1.00, 1.01]

Likelihood ratio test: χ2 = 46.48, df = 10, p < 0.001. AIC decreased from 624.00 (intercept-only) to 293.78 (final model); BIC decreased from
1575.56 to 299.87, indicating improved model fit.
The normal BMD group was used as the reference category. Variables included in the model were those with p < 0.05 in the univariate
analysis. B, regression coefficient; SE, standard error; OR, odds ratio; CI, confidence interval.

the lack of comprehensive, region-specific data that can
be translated into precise, evidence-based nursing interven-
tions for this high-risk population. While current guidelines
acknowledge multifactorial influences, there remains a lack
of actionable frameworks that stratify risk using quantifi-
able clinical and biochemical parameters to guide tailored
nursing care [15]. Our findings therefore provide a local-
ized evidence base to support the development of such strat-
ified management strategies.

Our analysis indicated that the incidence of os-
teopenia and osteoporosis among postmenopausal women
was closely associated with specific factors, including
age, BMI, dyslipidemia, and testosterone levels. Bone
health management should therefore comprehensively con-
sider the interplay between endocrine and cardiovascular
metabolic indicators. In guidelines published by the En-
docrine Society, Eastell et al. [18] reported that osteoporo-
sis management in postmenopausal women should account
for multiple metabolic factors. This recommendation is
strongly supported by our present findings.

Our findings further indicated that increasing age and
hormonal changes are independent risk factors for reduced
BMD in postmenopausal women, consistent with the results
reported by Salari et al. [19]. BMI exhibited a strong cor-
relation with osteoporosis, and moderate body weight ex-
erted a protective effect on bone, consistent with the find-
ings of Clynes et al. [20,21]. Several previous studies sug-
gest that lipidmetabolism imbalancemay induce significant
oxidative stress, inhibit osteoblast differentiation, and pro-
mote osteoclast activity, thereby affecting bone metabolism
[22]. An earlier meta-analysis found a significant inverse
correlation between serum lipid levels and BMD in post-
menopausal women [23]. In the present study, we identified
an association between testosterone levels and osteoporo-
sis, consistent with the findings reported by Yang et al. [24]
regarding the role of androgens in maintaining bone health

in women. Zhao et al. [25] reported a strong association
between osteoporosis and lipid profiles in postmenopausal
women. Given the relatively younger age of subjects in the
present study, the influence of lipid metabolism on bone
health may already be evident in the early postmenopausal
stage. However, the association between lipoprotein(a) and
BMD did not remain statistically significant after FDR cor-
rection for multiple comparisons (adjusted p = 0.069), thus
suggesting that this finding should be interpreted with cau-
tion and warrants further validation in larger cohorts.

In summary, bone health management in post-
menopausal women should emphasize targeted nursing
strategies. First, in line with the protective effect of
moderate BMI, nurses should provide individualized nu-
tritional counseling to support adequate caloric and pro-
tein intake and maintain a healthy weight [26]. Second,
given the strong association with advancing age, routine
BMD screening should be prioritized for women aged ≥
45 years, consistent with current recommendations [27].
Third, health education should be strengthened to raise pub-
lic awareness of osteoporosis risks. In patients with el-
evated ALP, regular monitoring and evaluation for sec-
ondary causes of high bone turnover should be integrated
into nursing follow-up protocols [26]. In addition, lifestyle
modifications should be encouraged, such as regular phys-
ical activity, balanced nutrition, smoking cessation, and
alcohol moderation, to maintain a healthy body weight
and metabolic balance, as supported by systematic reviews
[7,15,27]. For individuals with dyslipidemia, collaborative
management involving endocrinology and cardiology ser-
vices is recommended. Nurses should adopt a holistic ap-
proach, educating patients on shared risk factors for cardio-
vascular disease and bone health, including smoking cessa-
tion and physical activity [28,29]. Finally, regular monitor-
ing and follow-up of BMD should be implemented to enable
dynamic, comprehensive management of bone health.
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This study aimed to conduct a comprehensive multi-
factorial assessment in postmenopausal women, a popula-
tion that experiences a critical window of bone loss, to fa-
cilitate early risk identification. In addition, the analysis
incorporated cardiovascular and hormonal metabolic indi-
cators, such as lipid profiles and testosterone levels, thereby
expanding the conventional framework on osteoporosis risk
factors [30].

The present study, conducted in the Jinhua region of
Zhejiang Province, identified a distinct risk profile for bone
loss in this specific population. Compared with data from
large metropolitan centers or northern Chinese cities, our
cohort exhibited relatively lower serum 25-hydroxyvitamin
D levels (median: 19.88 ng/mL), suggesting a high preva-
lence of subclinical vitamin D insufficiency despite the re-
gion’s sunny climate. This paradox may be attributed to
cultural practices, dietary habits such as low calcium intake,
or urban lifestyles that limit sun exposure. Furthermore, the
significant association between occupational type (manual
vs. mental labor) and BMD distribution (p = 0.001) high-
lights the impact of socioeconomic and behavioral factors
specific to this region.

These regional characteristics directly inform the de-
velopment of regionalized and individualized nursing inter-
vention strategies proposed in our study objectives. First,
given the low vitamin D status coupled with the observed
protective effect of moderate BMI, nurses in this region
should prioritize nutritional education that emphasizes both
adequate caloric intake and vitamin D and calcium supple-
mentation, tailored to local food availability. Second, risk
stratification by occupational type suggests that workplace
health promotion programs may be beneficial. Indeed, for
manual laborers, nursing interventions should focus on in-
jury prevention and joint protection, whereas for sedentary
workers, emphasis should be placed on promoting weight-
bearing physical activity to counteract inactivity. Finally,
the observed association between elevated lipoprotein(a)
and osteoporosis highlights the need for an integrated nurs-
ing approach that addresses both cardiovascular and bone
health, particularly in the context of dietary transitions oc-
curring in rapidly developing regions such as Jinhua. By
integrating these region-specific findings into clinical path-
ways, nursing practice can extend beyond general guide-
lines to deliver more precise and context-appropriate care.

Limitations

This study has several limitations. First, as a single-
center retrospective study, our sample may not be fully rep-
resentative of the broader population of postmenopausal
women across different geographic regions or healthcare
settings. Despite the large sample size (n = 1375) providing
statistical power and our detailed inclusion and exclusion
criteria supporting internal validity, our findings may still
reflect regional characteristics specific to Jinhua. There-
fore, caution is warranted when extrapolating these results

to other populations. Second, certain variables, such as
dietary habits, and physical activity, and genetic factors,
were not included in the analysis. Third, this study fo-
cused on a specific age group in a single geographic re-
gion (Jinhua); therefore, caution is warranted when extrap-
olating these findings to other populations or age groups.
Fourth, due to the retrospective design, potentially impor-
tant lifestyle and dietary factors could not be included in
our analysis, such as physical activity levels, smoking sta-
tus, alcohol consumption, and dietary calcium or vitamin
D intake. These variables are known to influence bone
metabolism, and their absence may introduce residual con-
founding. Finally, due to the retrospective design, several
potentially important confounders could not be fully cap-
tured or adjusted for, including time since menopause, hor-
mone replacement therapy use, smoking status, physical ac-
tivity levels, and specific comorbidities, such as thyroid dis-
ease and diabetes. These variables are known to influence
bone metabolism, and their absence from our multivariate
model may have introduced residual confounding. Future
multicenter studies should systematically collect these vari-
ables, increase sample size, extend follow-up duration, and
develop more comprehensive risk prediction models for os-
teoporosis, thereby providing stronger evidence to support
regionalized and personalized nursing approaches.

5. Conclusions
Our findings suggest that older age, lower BMI, el-

evated ALP, reduced testosterone, and elevated lipopro-
tein(a) are independently associated with reduced BMD in
postmenopausal women aged 45-59 years.

Future prospective studies with comprehensive data
collection, including lifestyle factors, dietary intake, and
physical activity, are warranted to validate these findings
and to develop more robust risk prediction models for post-
menopausal osteoporosis.
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