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Osteoporotic fractures are a major public health concern, particularly among the aging population, as 
they significantly contribute to morbidity, mortality, and reduced quality of life. While cardiovascular 
health (CVH) has traditionally been linked to cardiovascular disease outcomes, emerging evidence 
suggests it may also influence bone health. This study investigates the association between CVH, as 
measured by the Life’s Essential 8 (LE8) score, and the prevalence of osteoporotic fractures in U.S. 
adults. This cross-sectional study utilized data from the National Health and Nutrition Examination 
Survey (NHANES) from 2005 to 2018. A total of 17,606 adults aged 20 and above were included in the 
analysis after excluding participants with missing data on CVH or osteoporotic fractures. CVH was 
assessed using the LE8 score, which incorporates eight modifiable cardiovascular health metrics: diet, 
physical activity, tobacco use, sleep, body mass index (BMI), lipid levels, blood glucose, and blood 
pressure. The primary outcome, osteoporotic fractures, was identified through self-reported data 
confirmed by a physician. Weighted multivariate logistic regression models were used to estimate the 
association between CVH and the prevalence of osteoporotic fractures, adjusting for demographic and 
health-related covariates. Participants with higher CVH scores had a lower prevalence of osteoporotic 
fractures. In the fully adjusted model, each 1-point increase in the LE8 score was associated with 
a 1% reduction in the odds of osteoporotic fractures (OR = 0.99, 95% CI: 0.98–0.99). Compared to 
participants with low CVH levels, those with moderate CVH had a 22% lower odds of osteoporotic 
fractures (OR = 0.78, 95% CI 0.70–0.87), and those with high CVH had a 34% lower odds (OR = 0.66, 95% 
CI 0.56–0.79). A significant linear trend was observed across different CVH levels (P for trend < 0.001). 
Subgroup analyses revealed that the inverse relationship between CVH and osteoporotic fractures 
was consistent across different demographic and health-related subgroups. This study highlights a 
significant inverse association between cardiovascular health and osteoporotic fractures in U.S. adults. 
These findings suggest that maintaining a high level of cardiovascular health, as measured by the LE8 
score, may be important in reducing the risk of osteoporotic fractures. Public health strategies that 
integrate cardiovascular and bone health interventions may enhance overall health outcomes and 
reduce the societal burden of both cardiovascular diseases and osteoporosis.
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HDL-C	� High-density lipoprotein cholesterol
PIR	� Income-to-poverty ratio
GAMs	� Generalized additive models
DASH	� Dietary Approaches to Stop Hypertension

Osteoporotic fractures, particularly those affecting the hip, spine, and wrist, represent a significant public health 
issue, especially among the aging population. These fractures contribute substantially to increased morbidity, 
mortality, and reduced quality of life in affected individuals. Globally, osteoporosis results in over 8.9 million 
fractures annually, translating to an osteoporotic fracture occurring approximately every three seconds1. In the 
United States, an estimated 10 million people are diagnosed with osteoporosis, and approximately 2 million 
osteoporotic fractures occur each year2,3. The substantial clinical and economic burden posed by these fractures 
underlines the urgent need for effective prevention and management strategies4.

Cardiovascular health (CVH), as defined by the American Heart Association (AHA), encompasses a set of 
modifiable risk factors that are critical to both cardiovascular and overall health outcomes. The Life’s Essential 
8 (LE8) score integrates these factors—diet, physical activity, tobacco use, sleep, body mass index (BMI), lipid 
levels, blood glucose, and blood pressure—providing a comprehensive measure of CVH5,6. Previous research 
has consistently demonstrated that maintaining optimal CVH is associated with lower risks of cardiovascular 
diseases (CVDs), which remain the leading cause of death worldwide7. Additionally, emerging evidence suggests 
that the risk factors affecting cardiovascular health may also have implications for bone health and the risk of 
osteoporotic fractures8,9.

Several studies have explored the relationships between individual cardiovascular risk factors and bone health 
outcomes. For instance, hypertension, diabetes, and hyperlipidemia have been implicated in increased bone loss 
and fracture risk, potentially due to shared inflammatory pathways and metabolic processes that affect both 
the cardiovascular system and bone tissue10,11. Lifestyle factors that are critical for maintaining cardiovascular 
health, such as physical activity and a healthy diet, are also known to play key roles in supporting bone density 
and reducing fracture risk12,13.

This study aims to expand upon this growing body of literature by examining the association between 
cardiovascular health, as measured by the LE8 score, and the risk of osteoporotic fractures. By utilizing data 
from the National Health and Nutrition Examination Survey (NHANES), this study seeks to clarify the extent to 
which comprehensive cardiovascular health influences bone health, potentially informing integrated strategies 
for preventing both cardiovascular disease and osteoporosis.

Methods
Study population
This research draws on data from a cross-sectional study utilizing the National Health and Nutrition Examination 
Survey (NHANES) from 2005 to 2018. Conducted by the National Center for Health Statistics, NHANES 
critically evaluates the health and nutritional status of the U.S. population, utilizing advanced multi-stage, 
probability-based sampling to capture a representative sample of the nation14,15. The integrity of the program 
is upheld by approvals from the National Center for Health Statistics (NCHS) Research Ethics Review Board, 
with all participants giving informed consent16. For our analysis, we specifically targeted 17,606 adults aged 20 
and above, from the initial pool of NHANES 2005–2018 cycle, we excluded those with missing or incomplete 
information on LE8 measurement (N = 10,730), participants with missing information on osteoporotic fractures 
(N = 11,321), participants during pregnant or breastfeeding (N = 92), resulting in a final sample of 17,606 
participants for analysis (Fig. 1).

Study variables
The outcomes of this study were osteoporotic fracture, which were collected through personal interviews and 
reported by a doctor. The NHANES interviews were completed by trained interviewers in participants’ homes 
using the Computer-Assisted Personal Interview system17.

Cardiovascular health is evaluated through the LE8 score, which includes diet (aligned with the Dietary 
Approaches to Stop Hypertension (DASH) guidelines), physical activity, tobacco use, sleep, body mass index 
(BMI), lipid levels excluding high-density lipoprotein (HDL), blood glucose, and blood pressure. Standard 
surveys collect lifestyle data, while physical and biochemical measurements are taken following standardized 
methods. BMI is calculated as weight in kilograms divided by height in meters squared. Blood pressure is 
averaged from initial readings, non-HDL cholesterol is obtained by subtracting HDL from total cholesterol, and 
glycated hemoglobin is determined by liquid chromatography (detailed calculation see Table S1). The LE8 score 
ranges from 0 to 100, with an aggregate score derived from these components, categorizing CVH into high, 
moderate, or low according to American Heart Association benchmarks18,19. The choice of covariates in this 
research was determined by their potential impact on the relationship between CVH and osteoporotic fracture.

Selected covariates included demographic and health-related factors such as age, race, educational levels, 
the ratio of family income to poverty (PIR) and diabetes status. These factors were selected for their known 
importance in epidemiological studies and their ability to confound the relationships being examined in our 
analysis6.

Statistical analysis
All analyses were performed using the statistical software R, version 4.3.0, with a predetermined significance 
threshold set at a P-value of less than 0.05 for all two-tailed tests. To compensate for any incomplete data, we 
utilized the mice package to perform multiple imputation using chained equations with ten imputation sets. 

Scientific Reports |         (2025) 15:3844 2| https://doi.org/10.1038/s41598-025-88020-5

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Additionally, we conducted sensitivity analyses using the complete-case dataset (excluding participants with 
missing data) to assess the robustness of our findings without imputation.

The LE 8 score was used to stratify cardiovascular health into three categories: low (scores below 50), 
intermediate (scores between 50 and 79), and high (scores 80 or above). The association between cardiovascular 
health and osteoporotic fractures was investigated through weighted multivariate logistic regression models. 
The model 1 did not adjust for additional variables; the model 2 accounted for age and ethnicity, and the 
third model further incorporated educational background and PIR. In addition to analyzing the overall LE8 
score, we conducted further analysis to assess the sensitivity of the individual components of the LE8 score to 
osteoporotic fracture outcomes. Each component of the LE8 score, including diet, physical activity, tobacco/
nicotine exposure, sleep, body mass index (BMI), blood lipids, blood glucose, and blood pressure, was evaluated 
separately using weighted multivariate logistic regression models. Tests for linear trends across three categories 
of cardiovascular health metrics scores were performed by modeling the median value within each category as 
a continuous variable. To explore potential non-linear relationships between CVH and osteoporotic fractures, 
we employed smooth curve fitting techniques using generalized additive models (GAMs). The smoothness of 
the curve is determined by a smoothing parameter, which controls the trade-off between the model’s fit and 
its complexity. We assessed the appropriateness of the curve using the generalized cross-validation score as a 
criterion for selecting the smoothing parameter21–23. Interaction tests were conducted to assess whether the 
association between CVH and osteoporotic fractures differed across various subgroups (age, sex, education level, 
PIR, diabetes). For this purpose, we introduced interaction terms into our logistic regression models, which 
represent the product of CVH scores and subgroup identifiers.

Results
Baseline characteristics
A total of 17,606 adult participants with a mean age of (50.2 ± 17.9) years were enrolled in this study, with 50.1% 
male and 49.9% female participants. A total of 2,161 participants (12.3%) were diagnosed with osteoporotic 
fracture.The mean and standard deviation of LE8 score were 61.8 (14.7). Notably, 21.5% of participants had low 
levels of CVH (LE8 < 50), 66.3% had moderate levels of CVH (50 ≤ LE8 < 80), and 12.2% had high levels of CVH 
(LE8 ≥ 80). Participants with higher CVH scores had a lower prevalence of osteoporotic fractures and diabetes 
compared with those with lower CVH scores. In addition, participants with higher CVH scores were younger, 
more likely to be female, and had higher socioeconomic status (education level and PIR) (P < 0.01) (Table 1).

Fig. 1.  Flow chart of participant’s selection. NHANES, National Health and Nutrition Examination Survey.
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Association between CVH and osteoporotic fractures
Table 2 demonstrates the association between CVH and osteoporotic fractures. In all models, there was a significant 
inverse association between CVH and the odds of osteoporotic fractures prevalence (P < 0.001). In the fully adjusted 
model with all covariates adjusted, each unit increase in LE8 score was associated with a 1% lower in the odds 
of osteoporotic fractures prevalence [OR = 0.99, 95%CI: 0.98–0.99]. This association remained significant in the 
complete-case analysis without MI (OR = 0.98, 95% CI: 0.96–0.99, P < 0.001), as shown in Table S2.

In addition, compared to participants with low CVH levels, those with moderate CVH levels had a 22% lower 
odds of osteoporotic fractures prevalence [OR = 0.78, 95% CI: 0.70–0.87], while participants with high CVH 
levels had a 34% lower odds of osteoporotic fractures prevalence [OR = 0.66, 95% CI: 0.56–0.79]. The linear trend 
across CVH levels was significant (P for trend < 0.001), consistent in both imputed and complete-case analyses. 
The result of smoothed curve fitting further corroborated the inverse association between the LE8 score and 
osteoporotic fractures (Fig. 2).

The results of the sensitivity analysis for the individual LE8 components are shown in Table S3. Several 
LE8 subscores were significantly associated with osteoporotic fractures. For example, higher DASH diet scores 
were associated with a 4% lower risk of fractures in the fully adjusted model (OR = 0.96, 95% CI: 0.93–0.99, 
P < 0.001), while higher physical activity scores were associated with a 5% lower risk of fractures (OR = 0.95, 
95% CI: 0.92–0.98, P < 0.001). Tobacco/nicotine exposure, BMI, and blood pressure scores also demonstrated 
significant inverse associations with osteoporotic fractures. In contrast, the sleep health score showed a weaker 
association, with significance only in certain models (P = 0.042 in Model 1 and P = 0.008 in Model 2 but not 

Characteristics Low (LE8 < 50) Moderate(50 ≤ LE8 < 80 ) High (LE8 ≥ 80) P-value

No. of participants in sample 3,781 11,674 2,151

Age, y (SD) 56.98 ± 14.15 53.30 ± 17.40 45.87 ± 17.41 < 0.001

PIR 2.11 ± 1.47 2.64 ± 1.61 3.32 ± 1.63

Osteoporotic fractures, % < 0.001

 Yes 837 (54.92%) 3,129 (53.18%) 825 (42.77%)

 No 687 (45.08%) 2,755 (46.82%) 1,104 (57.23%)

Sex, % < 0.001

 Male 1944 (51.41%) 6010 (51.48%) 874 (40.63%)

 Female 1837 (48.59%) 5664 (48.52%) 1277 (59.37%)

Race/ethnicity, % < 0.001

 Non-Hispanic White 1773 (46.89%) 5684 (48.69%) 1238 (57.55%)

 Non-Hispanic Black 993 (26.26%) 2215 (18.97%) 222 (10.32%)

 Mexican American 571 (15.10%) 1982 (16.98%) 285 (13.25%)

 Others 444 (11.74%) 1793 (15.36%) 406 (18.87%)

Education level, % < 0.001

 Less than high school 1383 (36.58%) 2933 (25.12%) 224 (10.41%)

 High school 1080 (28.56%) 2814 (24.10%) 286 (13.30%)

 More than high school 1318 (34.86%) 5927 (50.77%) 1641 (76.29%)

Diabetes, % < 0.001

 Yes 2558 (67.65%) 10,066 (86.23%) 2090 (97.16%)

 No 1223 (32.35%) 1608 (13.77%) 61 (2.84%)

AHA LE8 score (SD)

 Total CVH score 41.70 ± 6.45 63.88 ± 8.13 86.09 ± 4.82 < 0.001

 Mean DASH diet score 26.42 ± 26.38 45.72 ± 31.21 67.43 ± 27.92 < 0.001

 Mean physical activity score 9.39 ± 25.71 41.86 ± 44.68 86.91 ± 26.57 < 0.001

 Mean tobacco/nicotine exposure score 48.42 ± 39.04 71.62 ± 35.16 91.51 ± 18.65 < 0.001

 Mean sleep health score 66.27 ± 31.31 82.29 ± 24.29 92.88 ± 14.41 < 0.001

 Mean body mass index score 37.34 ± 30.60 61.87 ± 31.55 86.37 ± 20.39 < 0.001

 Mean blood lipid score 45.76 ± 30.42 64.09 ± 29.41 82.69 ± 23.25 < 0.001

 Mean blood glucose score 59.80 ± 30.07 82.07 ± 24.82 95.75 ± 13.13 < 0.001

 Mean blood pressure score 40.19 ± 29.67 61.55 ± 32.25 85.17 ± 23.05 < 0.001

Table 1.  Baseline characteristics of participants with different CVH levels estimated from LE8 score. Mean 
(SD) for continuous variables: the P value was calculated by the weighted linear regression model. Percentages 
for categorical variables: the P value was calculated by the weighted chi-square test. Cardiovascular health 
(CVH) is categorized into 3 grades, low: LE8 score < 50, medium:50 ≤ LE8 score < 80, high: LE8 score ≥ 80. 
Abbreviation: AHA, American Heart Association; BMD, bone mineral density; LE8, Life’s Essential 8; CVH, 
cardiovascular health; DASH, Dietary Approaches to Stop Hypertension; PIR, The ration of family income to 
poverty.
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significant in Model 3). Blood glucose and blood lipid scores showed marginal or non-significant associations 
in the fully adjusted model.

Subgroup analyses
Table 3 shows the association between CVH and osteoporotic fractures in different populations. Differences 
in the relationship between participants of different sexes, ages, and educational levels, PIR, and diabetes 
subgroups were small and were in essentially the same direction, maintaining an inverse correlation (all P for 
interaction > 0.05).

Fig. 2.  The association between total CVH score and osteoporotic fractures. The solid red line represents the 
smooth curve fit between variables. Blue bands represent the 95% of confidence interval from the fit.

 

Osteoporotic fractures

Model 1 Model 2 Model 3

[OR (95% CI) P] [OR (95% CI) P] [OR (95% CI) P]

Total CVH score (per 
10 scores) 0.99 (0.99, 0.99) < 0.001 0.99 (0.98, 0.99) < 0.001 0.99 (0.98, 0.99) < 0.001

CVH categories

 Low (LE8 < 50) 1 1 1

 Moderate 
(50 ≤ LE8 < 80 ) 0.78 (0.70, 0.87) < 0.001 0.77 (0.69, 0.86) < 0.001 0.78 (0.70, 0.87) < 0.001

 High (LE8 ≥ 80) 0.66 (0.56, 0.78) < 0.001 0.64 (0.54, 0.76) < 0.001 0.66 (0.56, 0.79) < 0.001

 P for trend < 0.001 < 0.001 < 0.001

Table 2.  The association between the life’s essential 8 (CVH) score and osteoporotic fractures. Model 1 was 
unadjusted for covariates; Model 2 enhanced Model 1 by including age, sex, and ethnicity; and Model 3 further 
augmented Model 2 by integrating education level, family income-to-poverty ratio and diabetes status. CVH, 
Cardiovascular health.
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Discussion
In this cross-sectional study involving 17,606 U.S. adults, we found a significant inverse association between 
CVH, as assessed by the LE8 score, and the prevalence of osteoporotic fractures. Specifically, each 1-point 
increase in the LE8 score was associated with a 1% reduction in the odds of osteoporotic fractures. Participants 
with moderate CVH had a 22% lower prevalence of osteoporotic fractures, while those with high CVH had a 
34% lower prevalence, compared to participants with low CVH. These results persisted even after adjusting for 
various demographic, socioeconomic, and health-related covariates. Furthermore, the association exhibited a 
clear linear trend, and the smoothed curve fitting confirmed a robust inverse relationship between the LE8 score 
and osteoporotic fractures. In addition to our primary findings, we conducted a sensitivity analysis to examine 
the differential impact of individual components of the LE8 score on osteoporotic fractures. This analysis revealed 
that specific components, such as physical activity, diet, and tobacco/nicotine exposure, had a more pronounced 
association with fracture risk. These findings further emphasize the critical role of healthy lifestyle behaviors in 
both cardiovascular and bone health. While components like sleep health and blood glucose showed weaker 
or marginal associations, their contributions to overall cardiovascular health should not be overlooked. This 
underscores the need for a holistic approach in managing multiple health factors to optimize bone health and 
reduce fracture risk. These findings suggest that maintaining optimal cardiovascular health could play a critical 
role in reducing the risk of osteoporotic fractures.

Comparison with previous studies
The relationship between cardiovascular health and bone health has been increasingly recognized in recent 
years, though the exact mechanisms remain an area of active research. Previous studies have primarily focused 
on specific cardiovascular risk factors and their associations with bone density and fracture risk. For instance, 
hypertension has been identified as a risk factor for osteoporosis and fractures, possibly due to its effects on 
calcium excretion and bone mineral metabolism. Elevated blood pressure can lead to increased urinary calcium 
loss, which in turn may contribute to decreased bone mineral density (BMD) and increased fracture risk20,21. 
Diabetes, another critical cardiovascular risk factor, has also been extensively studied in relation to bone health. 
Research indicates that both type 1 and type 2 diabetes are associated with an increased risk of fractures, despite 
the higher BMD often observed in individuals with type 2 diabetes22. The paradox of higher BMD yet increased 
fracture risk in diabetes may be explained by factors such as poor bone quality, alterations in collagen properties, 
and impaired bone remodeling due to advanced glycation end products23.

Lipid metabolism disorders, such as hyperlipidemia, have similarly been implicated in bone health. High 
cholesterol levels may promote bone resorption through inflammatory pathways, negatively impacting bone 
density24. In a study using the NHANES dataset, researchers found that higher levels of total cholesterol were 

Subgroup

Osteoporotic fractures

P for interaction[OR (95%CI), P]

Sex 0.729

 Male 0.99 (0.98, 0.99) < 0.0001

 Female 0.99 (0.98, 0.99) < 0.0001

Age 0.079

 < 60 years 0.98 (0.98, 0.99) < 0.0001

 ≥ 60 years 0.99 (0.99, 1.00) 0.0002

Race/ethnicity 0.174

 Non-hispanic white 0.99 (0.99, 0.99) < 0.0001

 Non-hispanic black 0.99 (0.98, 1.00) 0.0122

 Mexican American 0.99 (0.98, 1.00) 0.0551

 Others 0.98 (0.97, 0.99) < 0.0001

Diabetes 0.447

 Yes 0.99 (0.98, 0.99) < 0.0001

 No 0.98 (0.98, 0.99) 0.0003

Education level 0.547

 Less than high school 0.99 (0.98, 1.00) 0.0073

 High school 0.99 (0.98, 1.00) 0.0015

 More than high school 0.99 (0.98, 0.99) < 0.0001

PIR 0.833

 < 1.3 0.99 (0.98, 0.99) < 0.0001

 1.3–3.5 0.99 (0.98, 1.00) 0.0004

 > 3.5 0.99 (0.98, 0.99) < 0.0001

Table 3.  Subgroup analysis of the association between CVH and lumbar osteoporotic fractures. Age, sex, race, 
education level, PIR and diabetes status. CVH, Cardiovascular health; PIR, the ratio of income to poverty.
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associated with lower BMD and an increased risk of fractures25. Furthermore, dyslipidemia may accelerate 
atherosclerosis, which has been linked to reduced bone perfusion and subsequent bone loss26.

What differentiates our study from these earlier works is the use of a comprehensive cardiovascular health 
metric—the LE8 score—instead of focusing on individual risk factors. The LE8 score integrates multiple 
modifiable cardiovascular risk factors, offering a more holistic approach to understanding the relationship 
between cardiovascular health and osteoporotic fractures. Physical activity, a key component of the LE8 score, 
likely plays a crucial role in reducing fracture risk. Regular exercise not only improves cardiovascular health 
but also strengthens bones by applying mechanical stress, which stimulates bone formation and enhances 
bone density27. Our findings underscore that not only do individual risk factors matter, but the overall state 
of cardiovascular health plays a crucial role in bone health outcomes. By examining cardiovascular health in 
its entirety, our study contributes to a growing body of literature suggesting that strategies aimed at improving 
overall cardiovascular health could be effective in reducing the risk of osteoporotic fractures18,28. This 
comprehensive approach aligns with recent research emphasizing the interconnectedness of systemic health, 
whereby conditions like osteoporosis and cardiovascular diseases share common risk factors and potentially 
overlapping pathophysiological mechanisms8.

While it is well-documented that women are more susceptible to fractures due to hormonal changes and 
post-menopausal characteristics, our study did not observe significant gender differences in the association 
between cardiovascular health and osteoporotic fractures. One possible explanation is that the protective effects 
of cardiovascular health, as reflected by the LE8 score, may be similarly beneficial for both men and women29. 
Physical activity and other healthy lifestyle factors included in the LE8 score, such as a balanced diet and non-
smoking status, are known to benefit bone health irrespective of gender30. These shared lifestyle factors could 
have minimized the potential gender-specific differences in fracture risk31. Additionally, the lack of significant 
differences could be attributed to limitations related to sample size or statistical power. Although our study 
included a large cohort, detecting subtle gender-specific differences may require even larger sample sizes or more 
detailed subgroup analyses. Further research with larger cohorts is warranted to explore whether gender plays a 
modifying role in the relationship between cardiovascular health and osteoporotic fractures.

Potential biological mechanisms
The inverse relationship between CVH and osteoporotic fractures observed in this study can be attributed to 
several potential biological mechanisms that connect cardiovascular and bone health. One of the primary links 
between these two systems is inflammation. Chronic low-grade inflammation, commonly associated with poor 
cardiovascular health, has been shown to negatively impact bone metabolism. Pro-inflammatory cytokines 
such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) are known to promote bone resorption 
by activating osteoclasts, the cells responsible for bone breakdown32,33. These cytokines are often elevated in 
individuals with cardiovascular risk factors, such as obesity, hypertension, and diabetes, creating an environment 
conducive to both vascular and bone tissue degradation34.

Oxidative stress, another key factor in cardiovascular disease, also plays a significant role in bone health. 
Reactive oxygen species (ROS), which are elevated in conditions such as hypertension and diabetes, can lead to 
increased bone resorption and decreased bone formation. Oxidative stress impairs osteoblast function (the cells 
responsible for bone formation) and promotes osteoclast activity, thereby disrupting the balance between bone 
formation and resorption35. This imbalance can weaken bone structure, making it more susceptible to fractures.

Furthermore, vascular health is intimately connected with bone health. Adequate blood supply is essential for 
maintaining healthy bone tissue, and compromised vascular health, as seen in atherosclerosis, can lead to reduced 
bone perfusion and subsequent bone loss36. Vascular calcification, a hallmark of advanced cardiovascular disease, 
may also be associated with decreased bone density through shared mechanisms of mineral metabolism37. For 
example, both bone and vascular tissue rely on similar regulatory pathways for calcium and phosphate balance, 
and disturbances in these pathways can lead to both vascular calcification and bone loss38.

Another potential mechanism linking cardiovascular health and bone health is the role of lifestyle factors. 
Physical activity, which is a key component of both cardiovascular and bone health, directly influences bone 
density by applying mechanical stress to bone tissue, thereby stimulating bone formation39. Similarly, a healthy 
diet rich in nutrients like calcium, vitamin D, and omega-3 fatty acids supports both cardiovascular and bone 
health by reducing inflammation, improving lipid profiles, and promoting bone mineralization40. Conversely, 
unhealthy behaviors such as smoking and excessive alcohol consumption, both of which are detrimental to 
cardiovascular health, are also well-known risk factors for bone loss and fractures41. These lifestyle factors 
further reinforce the interconnectedness of cardiovascular and bone health, highlighting the importance of 
comprehensive health strategies that address multiple risk factors simultaneously.

Finally, metabolic factors such as insulin resistance and dyslipidemia, commonly seen in metabolic 
syndrome, can affect both cardiovascular and bone health. Insulin resistance, a key feature of type 2 diabetes, 
has been associated with impaired bone formation and increased bone fragility42. Additionally, abnormal lipid 
metabolism, characterized by elevated levels of LDL cholesterol and triglycerides, may contribute to bone loss by 
promoting systemic inflammation and endothelial dysfunction43. These metabolic disturbances create a complex 
network of interactions that impact both the cardiovascular system and the skeletal system, further explaining 
the observed association between CVH and osteoporotic fractures in our study.

Strengths and limitations
This study has several strengths. First, the use of a large, nationally representative sample from NHANES ensures 
that our findings are generalizable to the broader U.S. adult population17. Second, the comprehensive nature 
of the LE8 score allows for an integrated assessment of multiple cardiovascular risk factors, providing a more 
holistic view of cardiovascular health’s impact on bone health.
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However, there are also limitations to consider. The cross-sectional design of this study precludes the ability 
to infer causality, meaning we cannot establish whether improved cardiovascular health directly reduces the 
risk of osteoporotic fractures over time. Longitudinal studies are needed to confirm the directionality of this 
association. Additionally, our study relies on self-reported data for osteoporotic fractures, which may introduce 
recall bias and potentially affect the accuracy of the outcomes. While we adjusted for various confounders, 
residual confounding due to unmeasured factors, such as genetic predisposition or specific dietary patterns, 
could still influence our results. Future research should aim to incorporate more objective measures of both 
cardiovascular health and bone health, and explore potential mediating effects of novel biomarkers and genetic 
factors.

Conclusion
In conclusion, this study demonstrates a significant inverse association between cardiovascular health and 
the prevalence of osteoporotic fractures in U.S. adults. Our findings suggest that maintaining a high level of 
cardiovascular health, as measured by the LE8 score, may play a key role in reducing the risk of osteoporotic 
fractures. The sensitivity analysis of individual LE8 components highlights the importance of promoting 
specific health behaviors, particularly physical activity and a healthy diet, to enhance bone health. These results 
underscore the importance of integrated public health strategies that target both cardiovascular and bone health 
to improve overall health outcomes and reduce the burden of both cardiovascular diseases and osteoporosis.

Data availability
Survey data from this study are accessible globally to researchers and data users via the internet at ​h​t​t​p​s​:​/​/​w​w​w​
.​c​d​c​.​g​o​v​/​n​c​h​s​/​n​h​a​n​e​s​/​​​​​.​​
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