
Introduction
Osteoporosis is a systemic metabolic disorder affecting the 
skeletal system, typified by reduced bone mass, deterioration of 
trabecular and cortical architecture, and an increased 
susceptibility to fractures. These skeletal changes manifest 

clinically as diminished bone mineral content, impaired bone 
integrity, persistent discomfort, and restricted physical function 
[1,2]. This condition predominantly impacts individuals in 
middle and advanced age groups, thereby exerting a substantial 
burden on the elderly population [3].
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Introduction: Osteoporosis is a prevalent metabolic bone disorder, particularly affecting the elderly, and is often linked to cardiovascular 
morbidity. This study investigated the associations among osteoporosis, biochemical markers, bone mineral density (BMD), and cardiovascular 
disease (CVD).
Materials and Methods: A cross-sectional analysis was conducted among 280 individuals diagnosed with osteoporosis and 182 without 
osteoporosis to assess the relationship between osteoporosis and serum levels of triglycerides, total cholesterol (TC), low-density lipoprotein 
(LDL), high-density lipoprotein (HDL), and homocysteine (HCY). Correlations between these biochemical indices and BMD were evaluated. 
CVD prevalence was compared between osteoporosis and non-osteoporosis groups, and receiver operating characteristic curve analysis was 
used to assess the predictive potential of BMD for CVD risk.
Results: Higher triglyceride, TC, and LDL levels were positively associated with osteoporosis, while elevated HDL and HCY levels showed 
inverse associations. Triglyceride levels correlated negatively with BMD, whereas TC and HDL demonstrated positive correlations. LDL 
showed a weak negative association, and HCY exhibited a strong inverse correlation with BMD. Individuals with osteoporosis had lower BMD 
and a higher incidence of CVD compared to those without osteoporosis. Logistic regression confirmed that reduced BMD significantly 
increased cardiovascular risk.
Conclusion: This study highlights significant associations among osteoporosis, lipid profiles, HCY levels, BMD, and CVD. The findings 
suggest that dyslipidemia and altered HCY metabolism may contribute to both bone loss and cardiovascular pathology. BMD may serve as a 
potential biomarker for identifying individuals at increased cardiovascular risk. Further longitudinal research is needed to establish causal 
relationships and assess long-term clinical outcomes.
Keywords: Lipid profile, cardiac enzymes, coronary artery disease

Abstract

Learning Point of the Article:
Bone mineral density, influenced by lipid profiles and homocysteine levels, may serve as a valuable biomarker for predicting cardiovascular 

risk in older adults with osteoporosis.

Biochemical Markers Linking Osteoporosis and Cardiovascular Risk in 
Older Adults: A Retrospective Analysis
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Age-related hormonal decline, particularly in gonadal function, 
disrupts the physiological balance between bone remodeling 
processes-resorption and formation-thus facilitating the onset 
of osteoporosis and adversely influencing life quality in aging 
individuals. Simultaneously, cardiovascular and cerebrovascular 
conditions are also widely observed in these demographic 
cohorts [4]. There is mounting evidence indicating a linkage 
between senile osteoporosis and vascular diseases, including 
atherosclerosis, ischemic heart disease, and cerebrovascular 
events [4]. Notably, osteoporosis has been frequently 
documented in elderly patients suffering from cerebral 
infarctions, where alterations in bone turnover markers have 
shown associations with cerebrovascular pathology [5]. 
Moreover, shared risk factors such as elevated blood pressure, 
impaired glucose metabolism, and oxidative damage have been 
implicated in both reduced bone density and vascular 
pathologies [5]. It is also worth noting that a significant 
proportion of older adults with compromised bone mass 
concurrently present with hypertension, ischemic heart disease, 
and cerebrovascular disorders, suggesting a potential biological 
or pathophysiological nexus among these conditions [6-8].
Bone mineral density (BMD), a clinical indicator representing 
the mineral content within bone tissue, serves as the principal 
diagnostic parameter for identifying osteoporosis. A decline in 
BMD signifies a loss of skeletal integrity and an elevated 
likelihood of fracture. Dual-energy X-ray absorptiometry 
(DXA) remains the benchmark technique for assessing BMD 
and evaluating fracture susceptibility [5].
Several modifiable and non-modifiable risk factors are common 
to both osteoporosis and cardiovascular conditions, including 
senescence, tobacco use, sedentary behavior, and inadequate 
vitamin D status [6]. Hypothesized biological mechanisms 
connecting these two pathologies include endothelial damage, 
systemic inflammatory responses, and the activity of bone-
related hormones such as osteocalcin [7]. Despite the observed 
associations between diminished bone mass and cardiovascular 
morbidity [5], the underlying interplay between serum 
biomarkers, skeletal density, and cardiovascular prognosis has 
yet to be fully delineated.
Park et al. [9] and Hu et al. [10] emphasized the necessity for 
further investigations to elucidate the prognostic relevance of 
bone density measurements in anticipating cardiovascular risks. 
Nonetheless, there remains a paucity of robust clinical trials and 
comprehensive datasets to substantiate this connection 
definitively. Therefore, the central aim of the present study is to 
investigate the association and clinical relevance of osteoporosis 
and its related bone metabolism indices with cardiovascular and 
cerebrovascular disease markers in older populations.

Material and Methods

Study population
A retrospective review was conducted involving clinical records 
at our institution, encompassing data collected between July 
2021 and January 2024. The cohort comprised 280 individuals 
diagnosed with osteoporosis and 182 without osteoporosis. 
BMD assessments were performed for all participants using 
DXA. Based on the BMD results, subjects were stratified into 
two categories: those with osteoporosis and those without. The 
research adhered to the ethical standards outlined in the 
Declaration of Helsinki [11].

Inclusion criteria
Participants were eligible for inclusion if they had complete 
clinical data, demonstrated a high degree of compliance, and 
possessed intact cognitive function, as indicated by a Mini-
Mental State Examination score of 24 or above. BMD was 
assessed using a DXA scanner, with measurements taken at the 
lumbar spine (L1–L4), femoral neck, Ward’s triangle, and 
femoral trochanter. The diagnostic thresholds followed the 
World Health Organization guidelines, categorizing individuals 
with a T-score ≥ −1.0 as having normal bone mass, those 
between −1.0 and −2.5 as having osteopenia, and those with a T-
score ≤ −2.5 as osteoporotic [12]. Coronary artery disease 
(CAD) was diagnosed based on clinical manifestations, 
electrocardiographic findings, and elevated cardiac enzymes. 
Hypertension was defined by a systolic pressure of at least 140 
mmHg and/or a diastolic pressure of 90 mmHg or higher. 
Cerebral infarction diagnosis required supportive clinical 
features and imaging evidence from computed tomography or 
magnetic resonance imaging, while excluding hemorrhagic 
lesions or alternative causes.

Exclusion criteria
Patients were excluded if they had underlying thyroid or 
parathyroid disorders, renal tubular or glomerular diseases, 
diabetes mellitus, chronic liver disease, bone tumors or 
metastases, or a history of gastrointestinal surgery. Additional 
exclusion criteria included the presence of severe systemic 
illnesses affecting hepatic, renal, or endocrine function related to 
bone metabolism, present or recent use (within 1 year) of 
med icat ions  that  inf luence  bone tur nover  such as 
corticosteroids or other hormonal therapies, and any psychiatric 
illness that interfered with normal communication or 
comprehension.

Evaluation methods and parameters
Patient demographic and clinical data-including sex, age, body 
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mass index (BMI), systolic blood pressure, diastolic blood 
pressure (DBP), and fasting blood glucose (FBG)-were 
systematically recorded. Venous blood samples (3 mL) were 
obtained from each participant following an overnight fast. 
These samples were centrifuged at 3,000 revolutions/min for 10 
min to isolate the serum, which was then analyzed for 
triglycerides (TG), total cholesterol (TC), high-density 
lipoprotein (HDL), low-density lipoprotein (LDL), calcium 
(Ca), and homocysteine (HCY) levels using an automated 
biochemical analyzer. BMD was measured using DXA in the 
supine position. The anatomical regions assessed included the 
lumbar spine (L1–L4), femoral neck, Ward’s region, and the 
femoral trochanter.

Statistical analysis
All statistical procedures were performed using statistical 
software package (SPSS) version 20.0 (SPSS Inc., Chicago, IL, 
USA). Categorical variables were analyzed using the Chi-
square-test, while continuous variables were examined using the 
independent sample t-test. Data were presented as number and 
percentage (n [%]) for categorical variables and as mean ± 
standard deviation (ẋ ± s) for continuous variables. Pearson 
correlation analysis and multivariate logistic regression 
modeling were employed to identify potential risk factors 
associated with osteoporosis in the elderly population. A P < 
0.05 was considered indicative of statistical significance.

Results
The baseline characteristics of the participants are presented in 
Table 1. There were no statistically significant differences in age, 
BMI, or gender distribution between individuals with and 
without osteoporosis. The prevalence of hypertension, heart 
failure, stroke history, smoking, and alcohol consumption was 
comparable between the groups, indicating that these comorbid 
factors were well-matched. However, the prevalence of CAD was 
significantly higher in the osteoporosis group compared to the 
non-osteoporotic group (P < 0.01), suggesting a possible 
association between osteoporosis and cardiovascular 
comorbidity.
Biochemical parameters assessed across the groups are 
summarized in Table 2. While systolic and DBPs, FBG levels, 
and serum Ca showed no significant intergroup differences, the 
osteoporosis group demonstrated significantly elevated levels of 
TG, TC, LDL, and HCY, alongside significantly reduced HDL 
levels (all P < 0.01). These findings indicate a more atherogenic 
biochemical profile in individuals with osteoporosis.
The logistic regression analysis in Table 3 identified TG, TC, 
HDL, LDL, and HCY as significant predictors of osteoporosis. 
Notably, the odds of osteoporosis increased with higher TG, TC, 
LDL, and HCY levels, while lower HDL levels were associated 

with higher osteoporosis risk. All biochemical markers included 
in the model showed statistically significant associations (P < 
0.01), highlighting their potential role in osteoporosis 
pathophysiology.
Correlation analysis between BMD and selected biochemical 
markers, as shown in Table 4, revealed statistically significant 
relationships. BMD was inversely correlated with TG, LDL, and 
HCY levels while showing positive correlations with TC and 
HDL levels (all P < � 0.01). These associations underscore the 
complex interplay between lipid metabolism, HCY levels, and 
bone health.
Table 5 compares BMD and cardiovascular disease (CVD) 
prevalence between the groups. The osteoporosis group 
exhibited significantly lower mean BMD and a higher incidence 
of CVD (P < 0.01 for both), suggesting a concurrent 
deterioration in skeletal and cardiovascular health.
Further analysis of BMD in relation to CVD, as presented in 
Table 6, revealed a significant predictive value of BMD for CVD. 
Logistic regression indicated an odds ratio of 0.505 (95% 
confidence interval: 0.289–0.784), implying that lower BMD is 
associated with higher odds of CVD. The receiver operating 
characteristic (ROC) analysis demonstrated an area under the 
curve of 0.635, with a Youden Index of 0.22. The optimal BMD 
threshold for predicting CVD was determined to be −1.487 
g/cm².

Discussion
Our study identified notable associations between osteoporosis 
and various biochemical parameters. In the logistic regression 
analysis, elevated triglyceride, TC, and LDL levels were 
positively correlated with the presence of osteoporosis. In 
contrast, higher levels of HDL and HCY showed an inverse 
relationship with osteoporosis. TG were negatively correlated 
with BMD, while TC and HDL levels were positively correlated. 
LDL showed a weak negative correlation with BMD, and HCY 
demonstrated a strong negative correlation. These observations 
imply that lipid profiles and HCY are important factors 
influencing bone health.
In addition, we found significant differences in both BMD and 
the prevalence of CVD between the osteoporosis and non-
osteoporosis groups. The osteoporosis group exhibited 
significantly lower BMD and a higher incidence of CVD 
compared to the non-osteoporosis group. This suggests a 
potent ial  l ink bet ween osteoporosi s  and increased 
cardiovascular risk.
Further regression and correlation analyses between BMD and 
CVD incidence revealed a significant positive relationship. To 
evaluate the diagnostic utility of BMD for identifying CVD risk, 
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we conducted ROC analysis which highlighted the potential 
value of BMD as a diagnostic tool for identifying individuals at 
increased risk of CVD.
Although the exact mechanisms linking osteoporosis, 
biochemical markers, BMD, and CVD require further 
exploration, our study provides valuable preliminary insights 
into these interconnections. One potential mechanism is that 
blood lipids, as key fatty components of atherosclerotic plaques, 
may inhibit the binding of plasminogen to platelets, hindering 
fibrinolysis and promoting thrombosis, which could lead to 
cardiovascular and cerebrovascular conditions [13]. In addition, 
lipid oxidation products are implicated in the formation of 
atherosclerosis, which could impair osteoblast differentiation. 

In older individuals, who often experience increased pulse 
pressure and pronounced atherosclerosis, vascular nitric oxide, 
important for bone remodeling, is reduced due to endothelial 
damage during atherosclerosis [14]. HCY, a sulfur-containing 
amino acid involved in methionine and cysteine metabolism, 
has been established as a risk factor for cardiovascular and 
cerebrovascular diseases. Abnormal HCY levels contribute to 
arteriosclerosis, and in conjunction with hypertension, they 
increase the risk of cerebral arteriosclerosis, transient ischemic 
attacks, stroke, and hemorrhage. Previous studies [15] have 
shown that elevated HCY levels degrade the extracellular matrix 
through metalloproteinases, reduce bone blood flow, and 
contribute to bone disease through ox idative stress 
mechanisms. Our study found that the osteoporosis group had 
significantly higher HCY levels than the non-osteoporosis 
group (P < 0.05). BMD T-scores correlated with HCY levels, 
suggesting that HCY could be an important biomarker for 
assessing cardiovascular and cerebrovascular diseases in 
conjunction with osteoporosis.
Osteoporosis, a prevalent degenerative disease in the elderly, is 
difficult to reverse once significant bone loss occurs [16]. It is 
vital for individuals, particularly those with hypertension, CAD, 
and cerebral infarction, to actively manage their health. This 
includes early detection and intervention of potential issues, 
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Variables Osteoporosis (n=280) Non-osteoporosis (n=182) P-value

Age (years) 72.83±6.52 73.58±7.23 0.24

BMI (kg/m²) 21.02±1.43 21.27±1.49 0.07

Gender

Male 127 79 0.68

Female 153 103

History of alcohol

Present 139 86 0.62

Absent 141 96

History of smoking

Present 152 95 0.66

Absent 128 87

Hypertension

Present 165 94 0.12

Absent 115 88

Heart failure

Present 40 23 0.61

Absent 240 159

Coronary artery disease

Present 136 31 <0.01

Absent 144 151

Stroke history

Present 25 18 0.72

Absent 255 164

BMI: Body mass index

Table 1: Baseline profile of study groups.

Variables Osteoporosis (n=280) Non-osteoporosis (n=182) P-value

SBP; mmHg 140.18±8.37 138.95±7.59 0.11

DBP; mmHg 79.10±8.30 80.38±8.33 0.11

FBG; mmoL/L 5.10±0.63 5.09±0.65 0.87

TG; mmoL/L 1.81±0.29 1.67±0.26 <0.01

TC; mmoL/L 5.03±0.68 4.05±0.70 <0.01

HDL; mmoL/L 1.25±0.33 1.50±0.33 <0.01

LDL; mmoL/L 3.13±0.48 2.84±0.37 <0.01

Calcium; mmoL/L 2.53±0.21 2.52±0.18 0.59

Homocysteine; μmoL/L 16.58±4.78 10.46±3.18 <0.01

Table 2: Biochemical parameter comparison between study groups.

SBP: Systolic blood pressure, DBP: Diastolic blood pressure, FBG: Fasting blood 

glucose, TG: Triglycerides, TC: Total cholesterol, HDL: High-density lipoprotein, 

LDL: Low-density lipoprotein

Statistics TG TC HDL LDL HCY

r −0.212 0.545 0.374 −0.171 −0.519

P-value <0.01 <0.01 <0.01 <0.01 <0.01

Table 4: Correlation of BMD with biochemical parameters.

TG: Triglycerides, TC: Total cholesterol, HDL: High-density 

lipoprotein, LDL: Low-density lipoprotein, HCY: 

Homocysteine, BMD: Bone mineral density

Table 3: Logistic regression results for osteoporosis with biochemical parameters.

Factors ß S.E. P-value
95% CI (Lower limit–

Upper limit)

TG 1.95 0.646 <0.01 0.035–0.510

TC 1.68 0.285 <0.01 0.117–0.337

HDL 1.71 0.561 <0.01 1.81–17.35

LDL 1.3 0.418 <0.01 0.122–0.605

HCY 0.37 0.051 <0.01 0.642–0.800

TG: Triglycerides, TC: Total cholesterol, HDL: High -density lipoprotein, LDL: Low-density 

lipoprotein, HCY: Homocysteine, CI: Confidence interval
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timely treatment for emerging symptoms, and proactive 
measures to prevent osteoporosis. Managing blood pressure, 
controlling blood lipids, and monitoring other relevant 
biochemical markers are essential for both cardiovascular and 
cerebrovascular health, as well as for preventing bone mass loss 
[17]. For patients with hypertension, thiazide diuretics have 
been shown to reduce Ca excretion and help preserve bone 
density [15]. Optimizing vitamin D levels also benefits both 
bone and cardiovascular health [6,18]. Screening for 
osteoporosis should be considered in hypertensive patients to 
enable early detection and management. Furthermore, 
healthcare professionals should prioritize osteoporosis 
screening, provide educational resources, and counsel patients 
with cardiovascular and cerebrovascular diseases on prevention 
strategies, as this is crucial for early intervention and control 
[19].
It is important to note that the present study is cross-sectional, 
limiting our ability to establish causality or predict long-term 
outcomes. Future longitudinal studies are necessary to confirm 
our findings and explore the temporal relationships between 
osteoporosis, biochemical markers, BMD, and CVDs. 
Investigating the underlying mechanisms connecting these 
factors will provide deeper insights into the pathophysiology of 
both osteoporosis and CVD, as well as potential therapeutic 
strategies. In addition, confounding factors such as age, sex, 
smoking, and medication use should be considered in future 
longitudinal studies to clarify the relationships between these 
parameters. Research should also focus on the role of BMD as a 
diagnostic tool for identifying individuals at heightened 
cardiovascular risk, as well as the specific biomarkers and 
therapeutic targets involved.

Conclusion
The findings of this study underscore a significant correlation 
between osteoporosis, biochemical parameters, BMD, and 
cardiovascular pathology. Altered serum lipid concentrations 
and elevated HCY levels appear to play a contributory role in the 
onset of osteoporosis. Moreover, a decline in BMD, particularly 
among osteoporotic individuals, is associated with an elevated 
likelihood of developing cardiovascular conditions. These 
observations highlight the potential utility of BMD assessment 
as a predictive indicator for cardiovascular risk. Nevertheless, 
further investigations are essential to better understand the 
pathophysiological pathways involved and to clarify the clinical 
relevance of these associations.

Clinical Message

This study highlights a significant clinical overlap between 
osteoporosis and CVD in older adults, with reduced BMD 
correlating with dyslipidemia and elevated HCY levels. These 
shared biochemical pathways suggest that BMD assessment can 
serve not only as a diagnostic tool for osteoporosis but also as a 
potential marker for cardiovascular risk. Clinicians should adopt a 
holistic approach, incorporating BMD evaluation and lipid/ HCY 
profiling into routine assessments for elderly patients, particularly 
those with existing cardiovascular conditions. Early identification 
and integrated management may aid in preventing both skeletal and 
cardiovascular complications, improving overall patient outcomes.
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Analysis Type Osteoporosis Group Non-Osteoporosis Group

Mean BMD (g/cm²) −1.71±0.60 0.03±0.55

Logistic Regression Odds Ratio 0.505; 95% CI [0.289–0.784]

ROC Analysis-AUC 0.635

Youden Index 0.22

Optimal Threshold for BMD (g/cm²) −1.487

Table 6: Analysis of BMD with CVD incidence.

BMD: Bone mineral density, CVD: Cardiovascular disease, ROC: Receiver operating 

characteristic, AUC: Area under the curve, CI: Confidence interval

Group n
Bone Mineral 

Density (g/cm²)

Cardiovascular 

Disease

Osteoporosis group 280 −1.71±0.60 229 (81.78%)

Non-osteoporosis group 182 0.03±0.55 124 (68.13%)

P-value <0.01 <0.01

Table 5: BMD and CVD incidence comparison in study groups.

BMD: Bone mineral density, CVD: Cardiovascular disease
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