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Abstract

Background
The association between lipid metabolism and bone mineral density remains controversial, particularly
in patients with type 2 diabetes mellitus (T2DM). This study aimed to investigate the relationship
between HDL-C and site-specific bone mineral density T-scores in patients with T2DM aged 50 years or
older.

Methods
This retrospective cross-sectional study included 2,568 hospitalized patients with T2DM who underwent
bone mineral density assessment between February 2022 and December 2025. Patients were classified
into normal BMD, osteopenia, and osteoporosis groups according to T-score criteria. Correlation
analyses were performed to evaluate associations between lipid parameters and site-specific T-scores.
Multivariable linear regression models were used to assess the independent association between HDL-C
and lumbar spine T-score. Restricted cubic spline analysis and subgroup analyses were further
performed.

Results
Among the 2,568 patients, 1,138 had normal BMD, 970 had osteopenia, and 460 had osteoporosis. HDL-
C and ApoA1 levels increased progressively across worsening BMD categories. Correlation analysis
showed that HDL-C was negatively correlated with T-scores at all skeletal sites, with the strongest
correlation observed for lumbar spine T-score. In multivariable linear regression analysis, higher HDL-C
was independently associated with lower lumbar spine T-score. This association remained significant
after full adjustment for demographic characteristics, lifestyle factors, metabolic and clinical variables,
lipid-lowering therapy, and bone-related medication use (β = -0.79, 95% CI: -1.22 to -0.35, P < 0.001). Site-
specific analyses also showed inverse associations between HDL-C and total hip, femoral neck, and
Ward’s triangle T-scores. Restricted cubic spline analysis suggested an approximately linear inverse
association between HDL-C and lumbar spine T-score, without evidence of nonlinearity. Subgroup
analyses showed that the inverse association was more pronounced among patients with BMI < 24
kg/m², with a significant interaction by BMI.

Conclusion
Higher HDL-C levels were independently associated with lower lumbar spine T-score in patients with
T2DM aged 50 years or older. This association was approximately linear and appeared stronger among
patients with lower BMI. HDL-C may serve as a lipid-related marker associated with reduced lumbar
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spine bone density in older patients with T2DM, although causal inference cannot be established due to
the cross-sectional study design.

Background
Osteoporosis and type 2 diabetes mellitus (T2DM) are common chronic diseases in middle-aged and
older adults [1]. Patients with T2DM are susceptible to osteoporosis and abnormal bone metabolism
because chronic hyperglycemia, insulin resistance, oxidative stress, chronic low-grade inflammation,
accumulation of advanced glycation end products, and impaired bone turnover may adversely affect
bone remodeling and bone strength [2–6]. Therefore, identifying metabolic factors associated with
reduced bone mineral density (BMD) in patients with T2DM is important for the early assessment of
skeletal health in this population.

Lipid metabolism has been increasingly recognized as a potential factor related to bone health. Previous
studies have investigated the associations between lipid profiles and BMD or osteoporosis, but the
results remain inconsistent. Among lipid parameters, high-density lipoprotein cholesterol (HDL-C) is of
particular interest. Some studies reported that higher HDL-C was associated with lower BMD or
increased risk of bone loss [7, 8], whereas others suggested a positive or nonlinear association between
HDL-C and lumbar BMD [9, 10]. However, many previous studies were conducted in the general
population or selected non-diabetic populations, and evidence focusing specifically on middle-aged and
older patients with T2DM remains limited. Moreover, some studies assessed osteoporosis status or
fracture risk without detailed site-specific DXA-derived T-score data. DXA-derived T-scores remain the
standard method for evaluating BMD and diagnosing osteoporosis in postmenopausal women and men
aged 50 years or older [11]. Therefore, studies based on complete DXA measurements in middle-aged
and older patients with T2DM may provide more direct evidence regarding the relationship between lipid
metabolism and skeletal status.

In the present study, we included a relatively large sample of 2,568 hospitalized patients with T2DM aged
50 years or older who had completed DXA-based BMD assessment. We aimed to investigate the
associations between lipid parameters, particularly HDL-C, and site-specific T-scores, including lumbar
spine, total hip, femoral neck, and Ward’s triangle T-scores. We further evaluated the independent
association and dose-response relationship between HDL-C and lumbar spine T-score, and explored
whether this association differed by sex, age, or BMI subgroup.

Materials and Methods

2.1 Study design and participants
This retrospective cross-sectional study consecutively enrolled patients with type 2 diabetes mellitus
who were hospitalized in the Department of Endocrinology, Affiliated Dongyang Hospital of Wenzhou
Medical University, between February 2022 and December 2025.
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Patients were eligible if they met the following criteria: 1) diagnosis of type 2 diabetes mellitus; 2) age ≥ 
50 years; and 3) availability of fasting lipid profiles, fasting plasma glucose, and bone mineral density
measurements during hospitalization. Patients were excluded if they had severe hepatic or renal
dysfunction, diseases known to cause secondary osteoporosis such as parathyroid disorders, or a
history of malignancy.

A total of 2,568 patients were included in the final analysis. According to bone mineral density status,
1,138 patients had normal BMD, 970 had osteopenia, and 460 had osteoporosis.

2.2 Data collection
Clinical data were retrospectively extracted from the hospital electronic medical record system. The
collected data included demographic characteristics, lifestyle factors, medical history, physical
examination results, laboratory parameters, BMD measurements, comorbidities, diabetes-related
complications, and medication use.

Demographic and clinical variables included age, sex, diabetes duration, family history of diabetes,
smoking status, drinking status, height, weight, body mass index, and blood pressure. Laboratory
variables included HbA1c, fasting plasma glucose, glycated hemoglobin, fasting insulin or C-peptide,
triglycerides, total cholesterol, HDL-C, LDL-C, apolipoprotein A1, apolipoprotein B, ApoA1/ApoB ratio,
serum calcium, serum phosphorus, uric acid, albumin, prealbumin, globulin, serum creatinine, estimated
glomerular filtration rate, liver function indices, complete blood count, and high-sensitivity C-reactive
protein. Information on comorbidities, including hypertension, coronary heart disease, cerebral infarction,
and fatty liver, was also collected. Medication use included glucose-lowering drugs, lipid-lowering drugs,
calcium carbonate, active vitamin D, and anti-osteoporotic medications.

Variables with a missing rate greater than 30%, including blood pressure values, N-terminal osteocalcin,
β-C-terminal telopeptide, bone-specific alkaline phosphatase, procollagen type I N-terminal propeptide,
and 25-hydroxyvitamin D, were not included in the final statistical models.

2.3 Bone mineral density assessment
Bone mineral density was measured during hospitalization using dual-energy X-ray absorptiometry. T-
scores at the lumbar spine, total hip, femoral neck, and Ward’s triangle were recorded. BMD status was
classified according to T-score criteria: normal BMD was defined as T-score ≥ -1.0, osteopenia as -2.5 < T-
score < -1.0, and osteoporosis as T-score ≤ -2.5. When multiple skeletal sites were available, the lowest T-
score was used for BMD classification. Site-specific T-scores were further analyzed as continuous
outcomes.

2.4 Statistical analysis
All statistical analyses were performed using Python 3.10.6. Continuous variables were presented as
mean ± standard deviation or median with interquartile range/range, depending on their distribution.
Categorical variables were presented as numbers and percentages. Differences among the normal BMD,
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osteopenia, and osteoporosis groups were assessed using one-way analysis of variance or the Kruskal–
Walli’s test for continuous variables, and the chi-square test or Fisher’s exact test for categorical
variables, as appropriate. A two-sided P value < 0.05 was considered statistically significant.

Correlation analyses were performed to evaluate the associations between lipid parameters and site-
specific T-scores. Pearson or Spearman correlation analysis was used according to variable distribution.

Multivariable linear regression models were constructed to assess the association between HDL-C and
lumbar spine T-score. Covariates included in the multivariable models were selected based on previous
studies and the results of univariate linear regression analysis in the present study, as shown in
Supplementary Table S1. Sequential models were constructed as follows: the crude model was
unadjusted; Model 1 was adjusted for age and sex; Model 2 was further adjusted for BMI, current
smoking, and current drinking; Model 3 was further adjusted for HbA1c, fasting plasma glucose, eGFR,
uric acid, albumin, hemoglobin, fatty liver, hypertension, and statin or fibrate use; and Model 4 was
further adjusted for calcium carbonate use and active vitamin D use.

To assess site-specific associations, the fully adjusted model was further applied to total hip, femoral
neck, and Ward’s triangle T-scores. Restricted cubic spline analysis was performed to explore the dose-
response relationship between HDL-C and lumbar spine T-score, with adjustment for covariates included
in Model 4. P values for overall association and nonlinearity were calculated.

Subgroup analyses were performed according to sex, age, and BMI. Interaction effects were assessed by
adding multiplicative interaction terms between HDL-C and subgroup variables to the fully adjusted
model.
Ethical statement

This study was approved by the Ethics Committee of Affiliated Dongyang Hospital of Wenzhou Medical
University, with the approval number 2026-YX-181. All patients provided informed consent during
hospitalization. Patient information was anonymized before analysis.

Results
3.1 Baseline characteristics of the study population

As shown in Table 1, a total of 2,568 patients with type 2 diabetes aged ≥50 years were included, of
whom 1,138 had normal BMD, 970 had osteopenia, and 460 had osteoporosis. Significant differences
were observed among the three groups in demographic characteristics, lifestyle factors, lipid
parameters, nutritional and biochemical indices, site-specific T-scores, comorbidities, and bone-related
medication use.

Compared with patients with normal BMD, those with osteopenia and osteoporosis were older, more
likely to be female, and had lower BMI. The median age increased from 60 years in the normal BMD
group to 64 years in the osteopenia group and 70 years in the osteoporosis group. The proportion of
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women increased markedly across the three groups, from 18.28% to 52.06% and 84.78%, respectively.
BMI decreased progressively from 25.19 kg/m² in the normal BMD group to 23.81 kg/m² in the
osteopenia group and 22.31 kg/m² in the osteoporosis group.

Regarding lipid parameters, triglyceride levels decreased across worsening BMD categories, whereas
HDL-C, ApoA1, and the ApoA1/ApoB ratio increased progressively. HDL-C levels were 0.97, 1.07, and
1.13 mmol/L in the normal BMD, osteopenia, and osteoporosis groups, respectively. ApoA1 levels were
0.99, 1.05, and 1.08 g/L, respectively, and the ApoA1/ApoB ratio was 1.34, 1.46, and 1.48, respectively.
These findings suggest that higher HDL-C and ApoA1 levels were associated with poorer BMD status.

For nutritional, hepatic, renal, and hematological indices, uric acid, albumin, prealbumin, serum
creatinine, eGFR, alanine aminotransferase, red blood cell count, and hemoglobin levels tended to
decrease across worsening BMD categories, whereas globulin and platelet count were relatively higher in
patients with lower BMD. Patients with osteoporosis had lower uric acid, albumin, prealbumin, red blood
cell count, and hemoglobin levels than those with normal BMD.

As expected, lumbar spine, total hip, femoral neck, and Ward’s triangle T-scores differed significantly
among the three groups and decreased progressively from normal BMD to osteopenia and osteoporosis.
The median lumbar spine T-scores were 1.0, -1.1, and -2.6, respectively; total hip T-scores were 0.6, -0.7,
and -1.75; femoral neck T-scores were 0.4, -0.9, and -1.8; and Ward’s triangle T-scores were 0.6, -1.2, and
-2.35.

With respect to comorbidities and medications, patients with osteoporosis had higher proportions of
coronary heart disease and cerebral infarction, but a lower prevalence of fatty liver. The prevalence of
fatty liver decreased from 58.88% in the normal BMD group to 49.90% in the osteopenia group and
34.35% in the osteoporosis group. The use of calcium carbonate and active vitamin D was substantially
more frequent in patients with osteopenia and osteoporosis, reflecting a higher likelihood of receiving
bone-related treatment among patients with lower BMD.

Overall, patients with lower BMD were older, predominantly female, had lower BMI and poorer nutritional
profiles, and showed higher HDL-C and ApoA1 levels but lower TG levels.

3.2 Correlations between lipid parameters and site-specific T-scores

Correlation analysis was performed to evaluate the associations between lipid parameters and site-
specific T-scores in patients with type 2 diabetes aged 50 years or older. As shown in Table 2, HDL-C was
negatively correlated with all site-specific T-scores, with the strongest correlation observed for lumbar
spine T-score (r = -0.30, 95% CI: -0.33 to -0.26, P < 0.001). ApoA1 was also negatively correlated with
Ward’s triangle, femoral neck, total hip, and lumbar spine T-scores, particularly lumbar spine T-score (r =
-0.24, 95% CI: -0.27 to -0.20, P < 0.001). The ApoA1/ApoB ratio showed weak negative correlations with
all site-specific T-scores.
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In contrast, TG was weakly positively correlated with all T-scores. LDL-C and ApoB were weakly positively
correlated with Ward’s triangle, femoral neck, and total hip T-scores, but were not significantly correlated
with lumbar spine T-score. TC showed only weak and inconsistent correlations with site-specific T-
scores. Overall, although several lipid parameters were statistically associated with T-scores, the
correlation coefficients were generally small, indicating weak linear correlations.

Given that HDL-C showed the strongest and most consistent negative correlation with lumbar spine T-
score, subsequent analyses focused on the independent association between HDL-C and lumbar spine T-
score.

3.3 Multivariable association between HDL-C and site-specific T-scores

Based on previous studies and the results of univariate linear regression analysis in the present study
(Supplementary Table S1), multivariable linear regression models were constructed to further evaluate
the association between HDL-C and lumbar spine T-score. As shown in Table 3, HDL-C was inversely
associated with lumbar spine T-score across all regression models. In the crude model, each 1 mmol/L
increase in HDL-C was associated with a 1.92-unit decrease in lumbar spine T-score (β = -1.92, 95% CI:
-2.15 to -1.68, P < 0.001). The association was attenuated but remained statistically significant after
sequential adjustment for demographic factors, lifestyle factors, metabolic and clinical variables, and
bone-related medications. In the fully adjusted model, HDL-C remained independently associated with
lower lumbar spine T-score (β = -0.79, 95% CI: -1.22 to -0.35, P < 0.001).

In site-specific analyses based on the fully adjusted model, HDL-C was inversely associated with lumbar
spine, total hip, femoral neck, and Ward’s triangle T-scores (Table 4). The strongest association was
observed for lumbar spine T-score.

3.4 Dose-response relationship between HDL-C and lumbar spine T-score

Restricted cubic spline analysis was performed to further explore the dose-response relationship
between HDL-C and lumbar spine T-score. As shown in Figure 1, after adjustment for covariates included
in Model 4, HDL-C was significantly associated with lumbar spine T-score (P for overall = 0.018). No
significant evidence of nonlinearity was observed (P for nonlinearity = 0.947), suggesting an
approximately linear inverse association between HDL-C and lumbar spine T-score.

3.5 Subgroup analyses of the association between HDL-C and lumbar spine T-score

Subgroup analyses were further performed according to sex, age, and BMI (Figure 2). The inverse
association between HDL-C and lumbar spine T-score was generally consistent across all subgroups. In
sex-stratified analyses, the association was statistically significant in women (β = -0.74, 95% CI: -1.28 to
-0.19, P = 0.01), whereas a similar but non-significant inverse association was observed in men (β =
-0.56, 95% CI: -1.19 to 0.07, P = 0.08). No significant interaction by sex was observed (P for interaction =
0.54).
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In age-stratified analyses, HDL-C was significantly associated with lower lumbar spine T-score among
patients aged 50–64 years (β = -1.22, 95% CI: -1.82 to -0.63, P < 0.01), but not among those aged ≥65
years (β = -0.50, 95% CI: -1.12 to 0.12, P = 0.11). The interaction by age was not statistically significant (P
for interaction = 0.31).

In BMI-stratified analyses, the inverse association was more pronounced among patients with BMI <24
kg/m² (β = -0.96, 95% CI: -1.50 to -0.42, P < 0.01), whereas the association was attenuated and not
statistically significant among those with BMI ≥24 kg/m² (β = -0.39, 95% CI: -1.12 to 0.32, P = 0.28). A
significant interaction by BMI was observed (P for interaction = 0.03), suggesting that BMI may modify
the association between HDL-C and lumbar spine T-score.

The association between HDL-C and reduced lumbar spine T-scores was consistent in direction across
gender and age subgroups, with no significant interactions observed for gender or age; however, BMI
significantly modified this association, with the negative correlation being more pronounced in patients
with a BMI <24 kg/m².

Discussion
In this retrospective cross-sectional study of 2,568 patients with T2DM aged 50 years or older who
underwent DXA-based BMD assessment, we found that higher HDL-C was independently associated
with lower lumbar spine T-score. This association remained significant after adjustment for demographic
characteristics, lifestyle factors, metabolic and clinical variables, lipid-lowering therapy, and bone-related
medication use. Correlation analysis also showed that HDL-C was negatively correlated with T-scores at
multiple skeletal sites, with the strongest correlation observed at the lumbar spine. In addition, restricted
cubic spline analysis showed a significant overall association without evidence of nonlinearity,
suggesting an approximately linear inverse association between HDL-C and lumbar spine T-score. These
findings suggest that HDL-C may be a lipid-related marker associated with reduced lumbar spine bone
density in middle-aged and older patients with T2DM.

Although HDL-C has traditionally been regarded as a cardioprotective lipid marker [12], its circulating
concentration alone does not fully capture the compositional and functional heterogeneity of HDL
particles [13, 14]. In patients with T2DM, small HDL particles may exhibit impaired ABCA1-mediated
cholesterol efflux [15], while hyperglycemia-related glycation and oxidative modification of apo A-I and
HDL [16-18], together with remodeling of their lipid and protein cargo, may compromise the anti-
inflammatory and antioxidant functions of HDL. Moreover, experimental evidence indicates that HDL-
related skeletal effects may depend on receptor-mediated pathways rather than HDL-C concentration
alone: Scarb1-null mice exhibited increased HDL-associated cholesterol together with enhanced
osteoblast activity, bone formation, and trabecular bone mass [19]. Dysregulated lipid metabolism may
also disturb bone remodeling through oxidative stress, chronic inflammation, impaired osteogenic
differentiation, and increased osteoclast genesis [20]. Therefore, higher HDL-C levels in patients with
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T2DM should not necessarily be interpreted as evidence of preserved HDL function or more favorable
skeletal health.

This may help explain why our results differ from those of Zolfaroli et al. [9], who reported that HDL-C,
but not TC, LDL-C, or triglycerides, was positively associated with lumbar spine and femoral neck BMD in
postmenopausal women. Their study population was a relatively homogeneous cohort of
postmenopausal women, rather than patients with diabetes. Thus, diabetes status may be an important
factor modifying the relationship between HDL-C and BMD. In non-diabetic postmenopausal women,
higher HDL-C may reflect a more favorable metabolic profile, whereas in patients with T2DM, HDL-C may
be more strongly influenced by glucose dysregulation, insulin resistance, inflammation, and HDL
dysfunction.

In subgroup analyses, the inverse association between HDL-C and lumbar spine T-score was generally
consistent across sex, age, and BMI subgroups. No significant interaction was observed by sex or age,
whereas BMI significantly modified this association. Specifically, the negative association between HDL-
C and lumbar spine T-score was more pronounced among patients with BMI <24 kg/m². Low BMI is a
well-recognized risk factor for reduced BMD and osteoporosis [21]. Lower body weight provides less
osteogenic mechanical loading and may coexist with lower lean mass, lower fat mass, and poorer
nutritional reserve, all of which have been associated with lower BMD [22]. In postmenopausal women,
lower adipose mass may additionally reduce peripheral estrogen production [23]. Conversely, greater
body weight and lean mass—and, to a lesser extent, fat mass—may support BMD through increased
mechanical loading and body-composition-related pathways [24]. These background effects may
partially offset bone loss and thereby dilute the observed association between HDL-C and lumbar spine
T-score in patients with higher BMI. Accordingly, the stronger inverse association observed in patients
with BMI <24 kg/m² may indicate that the skeletal correlates of HDL-C-related metabolic alterations are
more readily detectable when the potentially protective effects associated with greater body mass are
less prominent. These findings highlight the importance of considering body composition and nutritional
status when interpreting the relationship between HDL-C and bone health.

Clinically, our findings may provide useful information for bone health assessment in middle-aged and
older patients with T2DM. HDL-C is a routinely measured lipid parameter in clinical practice, and our
results suggest that higher HDL-C should not always be interpreted as a favorable metabolic indicator in
relation to skeletal health, especially in patients with T2DM. The independent association between higher
HDL-C and lower lumbar spine T-score indicates that clinicians may need to pay more attention to BMD
evaluation in diabetic patients with elevated HDL-C, particularly those with lower BMI. These findings
also highlight the importance of considering lipid metabolism and body composition together when
assessing the risk of reduced bone density in patients with T2DM.

Our study has several strengths. First, we focused on middle-aged and older patients with T2DM, a
population at high risk of abnormal bone metabolism. Second, all included patients completed DXA-
based BMD assessment, and we analyzed site-specific T-scores, including lumbar spine, total hip,
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femoral neck, and Ward’s triangle. Third, the sample size was relatively large, and the association
between HDL-C and lumbar spine T-score was evaluated using multivariable regression models,
restricted cubic spline analysis, and subgroup analyses. However, several limitations should also be
acknowledged. First, the cross-sectional design does not allow causal inference. Second, this was a
single-center study of hospitalized patients, which may limit generalizability. Third, some important
variables, including menopausal status, 25-hydroxyvitamin D, bone turnover markers, and detailed body
composition, were unavailable or had high missing rates and therefore were not included in the final
models. Fourth, HDL function was not directly measured; therefore, we could not determine whether
dysfunctional HDL mediated the observed association. Finally, information on incident fractures was
unavailable. Future prospective studies with repeated DXA measurements, fracture outcomes,
menopausal status, HDL functional assays, and body composition assessment are needed to further
clarify the role of HDL-C in diabetes-related bone loss.

Conclusion
Higher HDL-C levels were independently associated with lower lumbar spine T-score in patients with type
2 diabetes aged 50 years or older. This association was approximately linear and was more pronounced
among patients with BMI <24 kg/m². These findings suggest that HDL-C may be a lipid-related marker
associated with reduced lumbar spine bone density in older patients with type 2 diabetes.

Abbreviations
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Abbreviation Full name

T2DM Type 2 diabetes mellitus

BMD Bone mineral density

DXA Dual-energy X-ray absorptiometry

HDL-C High-density lipoprotein cholesterol

LDL-C Low-density lipoprotein cholesterol

TC Total cholesterol

TG Triglycerides

BMI Body mass index

HbA1c Glycated hemoglobin

ApoA1 Apolipoprotein A1

ApoB Apolipoprotein B

ApoA1/ApoB ratio Apolipoprotein A1 to apolipoprotein B ratio

FPG Fasting plasma glucose

eGFR Estimated glomerular filtration rate

CI Confidence interval

RCS Restricted cubic spline
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Table 1
Baseline characteristics of patients with diabetes according to bone mineral density status

Variable Total Normal
BMD

Osteopenia Osteoporosis P value

n 2568 1138 970 460 —

Age, years 64.64 ± 
9.39

62.01 ± 
8.86

65.4 ± 9.2 69.53 ± 8.79 < 0.001

Female, n (%) 1103
(42.95)

208
(18.28)

505 (52.06) 390 (84.78) < 0.001

BMI, kg/m² 24.47 ± 
3.61

25.42 ± 
3.04

24 ± 3.39 22.8 ± 4.63 < 0.001

Current smoking, n (%) 920
(35.83)

594
(52.20)

270 (27.84) 56 (12.17) < 0.001

Current drinking, n (%) 909
(35.40)

544
(47.80)

284 (29.28) 81 (17.61) < 0.001

Fasting plasma glucose,
mmol/L

8.64 ± 
3.95

8.73 ± 
3.87

8.61 ± 3.81 8.45 ± 4.4 0.535

Fasting insulin, µIU/mL 13.41 ± 
50.04

13.73 ± 
51.13

12.29 ± 45.21 15.04 ± 56.97 0.65

HbA1c, % 9.05 ± 
2.23

9.09 ± 
2.18

9.1 ± 2.28 8.85 ± 2.26 0.129

Triglycerides, mmol/L 1.91 ± 
1.84

2.14 ± 
2.16

1.81 ± 1.72 1.57 ± 1.06 < 0.001

Total cholesterol,
mmol/L

4.13 ± 
1.14

4.09 ± 
1.14

4.15 ± 1.15 4.17 ± 1.12 0.351

HDL-C, mmol/L 1.06 ± 
0.27

0.98 ± 0.2 1.1 ± 0.28 1.18 ± 0.32 < 0.001

LDL-C, mmol/L 2.41 ± 
0.93

2.42 ± 0.9 2.4 ± 0.95 2.4 ± 0.96 0.943

ApoA1, g/L 1.06 ± 
0.24

1.01 ± 0.2 1.09 ± 0.25 1.14 ± 0.28 < 0.001

ApoB, g/L 0.76 ± 
0.25

0.77 ± 
0.25

0.76 ± 0.26 0.75 ± 0.25 0.401

ApoA1/ApoB ratio 1.57 ± 
0.91

1.48 ± 
0.87

1.62 ± 1.01 1.68 ± 0.75 < 0.001

Serum calcium, mmol/L 2.18 ± 
0.12

2.17 ± 
0.11

2.18 ± 0.11 2.18 ± 0.13 0.071
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Variable Total Normal
BMD

Osteopenia Osteoporosis P value

Serum phosphorus,
mmol/L

1.09 ± 
0.19

1.09 ± 
0.19

1.1 ± 0.18 1.09 ± 0.21 0.813

Uric acid, µmol/L 306.81 ± 
91.55

323.89 ± 
88.91

300.32 ± 
91.87

278.09 ± 88.51 < 0.001

Total protein, g/L 67.3 ± 
5.76

67.43 ± 
5.71

67.34 ± 5.66 66.86 ± 6.08 0.185

Albumin, g/L 39.95 ± 
3.69

40.4 ± 3.7 39.83 ± 3.54 39.1 ± 3.84 < 0.001

Prealbumin, mg/L 224.77 ± 
53.06

232.49 ± 
52.95

221.98 ± 
52.86

211.77 ± 50.69 < 0.001

Globulin, g/L 27.35 ± 
4.03

27.04 ± 
3.9

27.51 ± 4.09 27.76 ± 4.18 0.002

Serum creatinine,
µmol/L

72.53 ± 
45.58

76.1 ± 
42.47

69.93 ± 36.82 69.23 ± 64.89 0.002

eGFR, mL/min/1.73 m² 90.33 ± 
21.99

91.8 ± 
21.64

90.21 ± 21.7 87.06 ± 23.05 0.001

Alanine
aminotransferase, U/L

26.58 ± 
33.54

29.42 ± 
36.1

25.5 ± 31.54 21.92 ± 30.38 < 0.001

Aspartate
aminotransferase, U/L

23.41 ± 
23.68

24.38 ± 
27.73

22.94 ± 21.77 22 ± 15.14 0.145

White blood cell count,
×10⁹/L

6.19 ± 
2.25

6.16 ± 
2.04

6.15 ± 2.36 6.33 ± 2.51 0.334

Platelet count, ×10⁹/L 196.79 ± 
65.31

193.25 ± 
63.97

197.63 ± 
67.04

203.79 ± 64.41 0.012

Red blood cell count,
×10¹²/L

4.38 ± 
0.82

4.54 ± 
0.83

4.32 ± 0.82 4.13 ± 0.67 < 0.001

Hemoglobin, g/L 132.44 ± 
24.68

137.48 ± 
25.58

130.33 ± 
24.24

124.42 ± 20.23 < 0.001

hs-CRP, mg/L 6.34 ± 
18.32

6.18 ± 
19.42

6.46 ± 16.78 6.47 ± 18.69 0.931

Lumbar spine T-score -0.18 ± 
1.75

1.17 ± 
1.28

-0.72 ± 1 -2.37 ± 0.95 < 0.001

Total hip T-score -0.22 ± 
1.27

0.75 ± 
0.93

-0.64 ± 0.75 -1.73 ± 0.86 < 0.001

Femoral neck T-score -0.35 ± 
1.28

0.57 ± 1 -0.77 ± 0.84 -1.74 ± 0.87 < 0.001
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Variable Total Normal
BMD

Osteopenia Osteoporosis P value

Ward’s triangle T-score -0.4 ± 1.53 0.79 ± 
1.14

-0.98 ± 0.95 -2.1 ± 0.97 < 0.001

Hypertension, n (%) 1606
(62.54)

711
(62.48)

590 (60.82) 305 (66.30) 0.135

Coronary heart disease,
n (%)

510
(19.86)

206
(18.10)

183 (18.87) 121 (26.30) 0.001

Cerebral infarction, n
(%)

476
(18.54)

182
(15.99)

184 (18.97) 110 (23.91) 0.001

Fatty liver, n (%) 1312
(51.09)

670
(58.88)

484 (49.90) 158 (34.35) < 0.001

Calcium carbonate use,
n (%)

991
(38.59)

79 (6.94) 598 (61.65) 314 (68.26) < 0.001

Active vitamin D use, n
(%)

737
(28.70)

28 (2.46) 406 (41.86) 303 (65.87) < 0.001

Alendronate use, n (%) 15 (0.58) 5 (0.44) 9 (0.93) 1 (0.22) 0.178

Statin or fibrate use, n
(%)

1643
(63.98)

702
(61.69)

642 (66.19) 299 (65.00) 0.088

Ezetimibe use, n (%) 98 (3.82) 49 (4.31) 34 (3.51) 15 (3.26) 0.501

Table note

Data are presented as mean ± standard deviation, median (interquartile range), or n (%), as
appropriate. Differences among the normal BMD, osteopenia, and osteoporosis groups were
assessed using one-way analysis of variance for normally distributed continuous variables, the
Kruskal–Wallis test for skewed continuous variables, and the chi-square test or Fisher’s exact test for
categorical variables. BMD status was classified according to T-score criteria. A two-sided P value < 
0.05 was considered statistically significant.

Abbreviations

BMD, bone mineral density; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycated
hemoglobin; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B; ALP, alkaline
phosphatase; Ca, calcium; P, phosphorus; UA, uric acid; TP, total protein; ALB, albumin; PAB,
prealbumin; GLOB, globulin; Scr, serum creatinine; eGFR, estimated glomerular filtration rate; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; WBC, white blood cell count; PLT,
platelet count; RBC, red blood cell count; HGB, hemoglobin; hs-CRP, high-sensitivity C-reactive protein;
CHD, coronary heart disease.
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Table 2
Correlations between lipid parameters and site-specific T-scores

Lipid parameter Ward’s triangle T-
score

Femoral neck T-
score

Total hip T-
score

Lumbar spine T-
score

TG 0.13(0.09, 0.18)
P < 0.001

0.13 (0.08, 0.17)
P < 0.001

0.14 (0.09,
0.18)
P < 0.001

0.10 (0.06, 0.15)
P < 0.001

TC 0.03 (-0.01, 0.07)
P = 0.12

0.04 (0.01, 0.08)
P = 0.03

0.03 (-0.01,
0.06)
P = 0.19

-0.05 (-0.08,
-0.01)
P = 0.01

HDL-C -0.25 (-0.28, -0.21)
P < 0.001

-0.23 (-0.26,
-0.19)
P < 0.001

-0.26 (-0.29,
-0.22)
P < 0.001

-0.30 (-0.33,
-0.26)
P < 0.001

LDL-C 0.05 (0.01, 0.09)
P = 0.01

0.06 (0.02, 0.10)
P < 0.001

0.04 (0.01,
0.08)
P = 0.03

-0.02 (-0.06,
0.02)
P = 0.31

ApoA1 -0.15 (-0.18, -0.11)
P < 0.001

-0.15 (-0.19,
-0.11)
P < 0.001

-0.16 (-0.20,
-0.12)
P < 0.001

-0.24 (-0.27,
-0.20)
P < 0.001

ApoB 0.08 (0.04, 0.12)
P < 0.001

0.07 (0.03, 0.11)
P < 0.001

0.06 (0.02,
0.09)
P < 0.001

-0.01 (-0.04,
0.03)
P = 0.79

ApoA1/ApoB ratio -0.11 (-0.15, -0.07)
P < 0.001

-0.10 (-0.14,
-0.06)
P < 0.001

-0.10 (-0.14,
-0.06)
P < 0.001

-0.09 (-0.13,
-0.05)
P < 0.001

Table note

Data are presented as correlation coefficient r (95% confidence interval) and P value. Correlations
between lipid parameters and site-specific T-scores were assessed using Pearson or Spearman
correlation analysis, as appropriate. A two-sided P value < 0.05 was considered statistically
significant.

Abbreviations

TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; ApoA1, apolipoprotein A1; ApoB, apolipoprotein B.
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Table 3
Association between HDL-C and lumbar spine T-score in stepwise multivariable linear regression models

Variables Crude Model 1 Model 2 Model 3 Model 4

β (95% CI)
P value

-1.92 (-2.15,
-1.68)
<0.001

-1.18(-1.40,
-0.96)
<0.001

-0.99(-1.27,
-0.72)
<0.001

-0.95 (-1.41,
-0.49)
<0.001

-0.79(-1.22,
-0.35)
<0.001

Table notes

Model 1 was adjusted for age and sex.

Model 2 was further adjusted for BMI, current smoking, and current drinking.

Model 3 was further adjusted for HbA1c, fasting plasma glucose, eGFR, uric acid, albumin,
hemoglobin, fatty liver, hypertension, and statin or fibrate use.

Model 4 was further adjusted for calcium carbonate use and active vitamin D use.

Table 4
Association between HDL-C and site-specific T-scores in the fully adjusted model

Outcome β 95%CI P value

Lumbar spine T-score -0.79 (-1.22, -0.35) <0.001

Total hip T-score -0.41 (-0.72, -0.10) 0.01

Femoral neck T-score -0.44 (-0.77, -0.10) 0.01

Ward’s triangle T-score -0.50 (-0.87, -0.11) 0.01

Table notes

Estimates were derived from the fully adjusted model, including age, sex, BMI, current smoking,
current drinking, HbA1c, fasting plasma glucose, eGFR, uric acid, albumin, hemoglobin, fatty liver,
hypertension, statin or fibrate use, calcium carbonate use, and active vitamin D use.
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Figure 1

Restricted cubic spline analysis of the association between HDL-C and lumbar spine T-score

The restricted cubic spline model was adjusted for covariates included in Model 4. The solid line
represents the estimated β coefficient, and the shaded area represents the 95% confidence interval. The
dashed horizontal line indicates β = 0.
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Figure 2

Subgroup analyses of the association between HDL-C and lumbar spine T-score

Subgroup analyses were performed using the fully adjusted model. The stratification variable was not
included as a covariate in its corresponding subgroup model. Squares represent β coefficients, and
horizontal lines represent 95% confidence intervals. The vertical dashed line indicates β = 0. P for
interaction was calculated by adding a multiplicative interaction term between HDL-C and the subgroup
variable to the fully adjusted model.
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