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ARTICLE INFO ABSTRACT

Keywords: Background: There are some common pathophysiological risk factors between myocardial infarction and osteo-
National Health and Nutrition Examination porosis, and the exact relationship between the two is not yet clear. Our study aims to provide evidence on the
Survey

relationship between myocardial infarction and osteoporosis through the analysis of data from the National
Health and Nutrition Examination Survey (NHANES) and Mendelian Randomization (MR) analysis from 2015 to
2018.

Methods: A two-sample MR study using summary statistics from genome-wide association studies (GWAS) was
conducted to determine the causal relationship between myocardial infarction and osteoporosis. The Inverse
Variance Weighted (IVW) method and other supplementary MR methods were used to validate the causal
relationship between myocardial infarction and osteoporosis. Sensitivity analysis was performed to verify the
robustness of the results. Weighted multivariable adjusted logistic regression was used on the NHANES
2015-2018 data to evaluate the relationship between HDL, LDL, and BMD factors closely related to myocardial
infarction.

Results: An observational study conducted in NHANES included a total of 2516 participants. Weighted multi-
variable adjusted logistic regression analysis showed that HDL was positively correlated with BMD, with OR and
95 % CI of 0.051 and 0.013-0.088, respectively. LDL was negatively correlated with BMD. The MR analysis also
indicated a causal relationship between myocardial infarction and osteoporosis (IVW (OR = 1.16, 95 % CI =
1.02-1.32, P = 0.03)). Sensitivity analysis further confirmed the robustness and reliability of these study results
(all P > 0.05).

Conclusion: There is a causal relationship between myocardial infarction and osteoporosis.

Mendelian randomization
Myocardial infarction
Osteoporosis
Inflammation

1. Introduction exceeds the rate of bone formation by osteoblasts, resulting in prolonged

and progressive bone loss [3]. Osteoporosis is also closely related to the

Fractures are mainly caused by trauma or bone density loss, with
osteoporosis being a significant factor [1]. With the global aging trend,
osteoporosis has become one of the most concerning public health issues
worldwide [2]. Its pathological characteristic is reduced bone strength,
leading to an increased risk of fractures, primarily due to an imbalance
in bone turnover, where the rate of bone resorption by osteoclasts

occurrence of cardiovascular events. Studies have shown that patients
with heart failure are at a higher risk of osteoporosis [4]. Coronary ar-
tery disease and peripheral arterial atherosclerosis are associated with
an increased risk of osteoporotic fractures [5]. Additionally, bone loss is
also a significant factor in initiating inflammation within the cardio-
vascular system [6]. Research has shown a close relationship between
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Fig. 1. Schematic diagram design of two-sample Mendelian randomization study on myocardial infarction and osteoporosis.

osteoporosis and inflammation [7]. Myocardial infarction occurs due to
sudden blood vessel blockage leading to myocardial ischemia and cell
damage [8]. Substantial myocardial cell death triggers an inflammatory
response, resulting in the extravasation of neutrophils and monocytes
[9], indicating a connection between myocardial infarction develop-
ment and inflammation. However, further exploration is needed to
determine whether myocardial infarction affects the risk of osteoporosis
and the genetic relationship between them.

Mendelian Randomization is a method used to explore the genetic
associations in genetic processes, widely utilized in investigating the
genetic links to fractures and various exposure factors. In this study, we
used data from the Genome-Wide Association Studies (GWAS) and
conducted a two-sample Mendelian Randomization (MR) analysis to
explore the relationship between osteoporosis and myocardial
infarction.

Additionally, based on the monitoring data from the 2015-2018
National Health and Nutrition Examination Survey (NHANES), we
conducted a large cross-sectional study to examine the potential rela-
tionship between myocardial infarction and bone density.

2. Methods and materials
2.1. Mendelian randomization

2.1.1. Study design

Two-sample Mendelian randomization is a commonly used
randomization method in the field of bioinformatics, used to process
data from two groups of samples in order to ensure the randomization of
grouping and the reliability of experimental results. By using randomi-
zation to group and process the two sets of samples, non-random factors
in the experimental design and implementation are eliminated, and the
experimental group and control group are randomly assigned to ensure
fairness and balance of the samples under experimental conditions. The
principle of randomization can reduce bias and errors in the experi-
mental data, ensuring the objectivity and scientific nature of the results.
In this study, GWAS database data was used to reveal the causal rela-
tionship between exposure factors and the main outcomes [10].

The Mendelian randomization in this research is based on three
conditions: 1. The assumption of relevance: the selected independent
variables are directly related to the exposure factors. 2. The assumption
of independence: the selected independent variables are unrelated to
confounding variables. 3. The exclusion restriction assumption: the
selected independent variables should not directly affect the results,
unless it is through their association with the exposure factors [11,12]

(Fig. 1).

In this study, four GWAS datasets were selected to investigate the
significantly genetic meaning of SNPs between myocardial infarction
and osteoporosis.

2.1.2. Data source

In this study, we obtained four summary datasets from the GWAS
database for two-sample MR analysis. The dataset related to myocardial
infarction is ebi-a-GCST90038610 and finn-b-
19_ MI_COMPLICATIONS_EXNONE, including 484,598 European partic-
ipants and 218,795 Asian participants; the dataset related to osteopo-
rosis is finn-b-OSTEOPOROSIS_FRACTURE _FG and bbj-a-137, including
173,519 European participants and 212,453 Asian participants. The
diagnosis of myocardial infarction and osteoporosis patients was con-
ducted according to the standards set by the American Heart Association
and the American Orthopaedic Association. Detailed study design and
data control processes have been published elsewhere.

2.1.3. Statistical analysis

In this study, R (version 4.2.1) was used for data analysis through the
TwoSampleMR (0.5.6) package and MRPRESSO (1.0) (1.0). To avoid
linkage disequilibrium, we used the standard kb = 10,000 and r2 =
0.001 when aggregating SNPs. We also set the threshold atp < 5 x 10™-5
as the genome-wide significance level to select the highly correlated
SNPs with myocardial infarction and osteoporosis. We removed palin-
dromic SNPs because it is difficult to determine if they are arranged in
the same direction for myocardial infarction and osteoporosis. Finally,
we used the r2 value of each SNP to calculate the proportion of variance
in exposure and used the f-statistic to estimate the strength of the
instrumental variable, to avoid weak instrument bias.

MR analysis mainly utilizes the classic Inverse Variance Weighted
(IVW) method. IVW weights the effect size of each genetic variant by the
size and standard error (or the inverse variance) of each variant, and
reduces the bias in estimation caused by heterogeneity through the
allocation of relative weights. This method combines the effect size es-
timates from multiple variants [13].

Additionally, we applied the weighted median estimator model
(WME), weighted model-based method (WM), MR-Egger regression
model (MER), and Simple mode (SE). WME calculates the median effect
size of the variants and applies a weighted average based on the stan-
dard errors to address outliers, providing a comprehensive estimate of
the combined effect size. WM calculates the median effect size of mul-
tiple genetic variant loci and combines them using weighted scoring to
obtain an estimate of the overall effect. MER integrates the concept of
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Fig. 2. Flowchart of participants in NHANES 2015-2018.BMD , Bone Mineral
Density ; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Egger regression to assess bias and symmetry in causal effect estimates,
evaluating the stability and consistency of estimates. SE extracts basic
genetic information and association patterns, providing an intuitive
understanding of the frequency distribution of genotypes, genetic re-
lationships with phenotypes, and other fundamental genetic
characteristics.

We simultaneously used Harmonize to remove incompatible SNP and
SNP with palindromic allele frequencies. Considering the differences in
the extracted SNPs in different experimental environments and pro-
tocols, the two-sample MR analysis may be heterogeneous, leading to
errors in the final calculation of causal relationships. Therefore, this
study adopted heterogeneity tests and MR-Egger regression tests for the
main IVW analysis method. The P values of the test results were 0.1957
and 0.2183, respectively, and therefore, no heterogeneity was consid-
ered to exist.

We also examined the horizontal pleiotropy in the MR analysis, using
the intercept value in MR-Egger to assess pleiotropy. We used the P
value of the pleiotropy test to analyze the presence of pleiotropy. If the P
value is greater than 0.05, pleiotropy in the causal analysis can be
ignored. Finally, we tested the consistency of the results through leave-
one-out.

2.2. NHANES

2.2.1. Study population

The data used in this study can be obtained from the NHANES
database (https://www.cdc.gov/nchs/nhanes/index.htm). The research
data of NHANES have been approved by the NCHS Research Ethics
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Review Board. All NHANES participants have given informed consent.
This study has been approved by an institutional review board as it uses
de-identified, publicly available data. In this analysis, data from two
cycles, NHANES (2015-2016, 2017-2018), were used to accumulate an
appropriate sample size. If key analytical variables were missing or if
participants were under 18 years of age, they were excluded (as shown
in the Fig. 2).

2.2.2. Exposure and outcome definition

We used HDL and LDL, which have been proven to be closely related
to myocardial infarction, as exposures. The blood serum collection for
HDL and LDL followed the guidelines set forth by the American Heart
Association and the American Heart Association Working Group. The
serum specimens were processed, stored, and transported to the Uni-
versity of Minnesota, Minneapolis for analysis. Meanwhile, the small
vials were stored under appropriate freezing conditions (—30 °C) until
they were transported to the University of Minnesota for testing. We
simultaneously used bone density as an indicator directly related to
osteoporosis as the outcome. We used dual-energy X-ray absorptiometry
(DXA) to observe bone density. DXA scans provided measurements of
bone and soft tissue in the whole body, arms and legs, trunk, and head.
The scans and phantom scans for each participant were reviewed and
analyzed by the University of California, San Francisco, using standard
radiological techniques and research-specific protocols developed for
NHANES.

2.2.3. Other covariates used in NHANES

Based on existing literature and data, this study collected potential
variables related to myocardial infarction and cardiovascular events.
The covariates included sex (male, female); race/ethnicity/ethnicity
(Mexican American, other Hispanic, non-Hispanic white, or non-
Hispanic black); poverty income ratio (PIR; <1.2 or > 1.2); diabetes
(yes, no, or unknown); hypertension (yes, no, or unknown); hypercho-
lesterolemia (yes, no, or unknown); systolic and diastolic blood pressure
(mmHg); and triglycerides (mg/dl). The systolic and diastolic blood
pressure followed the guidelines of the American Heart Association
(mmHg) and were the average of three static measurements. Tri-
glycerides in serum were measured using a series of coupled reactions

(mg/dl).

2.2.4. Data analysis

For the NHANES analysis, we used multivariable adjusted logistic
regression to assess the relationship between HDL, LDL, BMD. We
evaluated three models adjusted for covariates: Model 1 without
adjustment; Model 2 including sex, age, and race/ethnicity; Model 3
further adjusted for age, sex, race/ethnicity, PIR, triglycerides, diabetes,
hypertension, hyperlipidemia, systolic blood pressure, and diastolic
blood pressure. The results were presented as odds ratios (ORs) or beta
coefficients (95 % confidence intervals [CI]). Given the complex
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Fig. 3. The forest plot shows the relationship between myocardial infarction and osteoporosis in MR.
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Table 1
Heterogeneity of directional pleiotropy and MR-Egger test for directional

pleiotropy.

Heterogeneity

outcome exposure Q Q.df Q_pval
Myocardial infarction Osteoporosis 114.96 111 0.38
Osteoporosis Myocardial infarction ~ 70.91 74 0.58
MR-Egger pleiotropy test

outcome exposure intercept ~ SE pval
Osteoporosis Myocardial infarction ~ 0.075 0.049  0.127
Myocardial infarction Osteoporosis 0.0027 0.005  0.5853

probability cluster design of NHANES, this study considered weights in
the statistical analysis.

3. Results
3.1. Mendelian randomization results

In the MR analysis with osteoporosis as the exposure factor and
myocardial infarction as the outcome factor, we extracted 112 SNPs. The
results showed significant effects in IVW (OR = 1.16, 95 % CI =
1.02-1.32, P = 0.03), MR-Egger (OR = 0.99, 95 % CI = 0.77-1.26, P =
0.91), weighted median (OR = 1.15, 95 % CI = 0.95-1.39, P = 0.16),
simple mode (OR = 1.40, 95 % CI = 0.83-2.38, P = 0.21), and weighted

A '
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mode (OR = 1.32, 95 % CI = 0.84-2.06, P = 0.23) (Fig. 3). In the MR
analysis with myocardial infarction as the exposure factor and osteo-
porosis as the outcome factor, we extracted 75 SNPs. The results showed
significant effects in IVW (OR = 0.1, 95 % CI = 0.01-0.90, P = 0.04),
MR-Egger (OR = 0.03, 95 % CI = 0.0003-3.44, P = 0.15), weighted
median (OR = 0.47, 95 % CI = 0.01-18.46, P = 0.69), simple mode (OR
=0.19, 95 % CI = 0.0005-685.71, P = 0.69), and weighted mode (OR =
0.07,95 % CI =0.0013-4.11, P = 0.20) (Fig. 3). The results indicate that
myocardial infarction has a significant impact on osteoporosis, and
osteoporosis also has a significant impact on myocardial infarction
(Fig. 3). Cochran’s Q test shows no heterogeneity between myocardial
infarction and osteoporosis (P > 0.05). MR-Egger analysis shows no
horizontal pleiotropy between myocardial infarction and osteoporosis,
with an intercept of 0.075, P = 0.127 and 0.0027, P = 0.5853 (Table 1).
The forest plot of the causal relationship between myocardial infarction
and osteoporosis predicted by genes is shown in Fig. 4, and the scatter
plot of SNP expression for myocardial infarction and osteoporosis is
shown in Fig. 5. The total sample sizes for myocardial infarction were
484,598 and 218,795 cases, and for osteoporosis were 173,519 and
212,453 cases. When an effective allele frequency (EAF) value existed,
we used EAF and effect estimate (BETA) to calculate R2 and the F-sta-
tistic to estimate the strength of the instrumental variables. The F-sta-
tistic values were all greater than 10.
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Fig. 4. Forest plot of the causal effects of single nucleotide polymorphisms (SNPs). (A) Causal effects of single nucleotide polymorphisms (SNPs) with exposure to
osteoporosis and outcome of myocardial infarction. (B) Causal effects of single nucleotide polymorphisms (SNPs) with exposure to myocardial infarction and outcome

of osteoporosis.
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Fig. 5. Scatter plot of the genetic association between myocardial infarction and osteoporosis. (A) Scatter plot with exposure to osteoporosis and outcome of
myocardial infarction. (B) Scatter plot with exposure to myocardial infarction and outcome of osteoporosis.

3.2. NHANES study results

3.2.1. Baseline characteristics Baseline characteristics

Our analysis included 2516 participants, of which 47.2 % were male
(weighted proportion). The BMD ranges for quartiles 1-4 were
8.68-46.01, 46.03-53.59, 53.6-62.58, and 62.63-151.26, respectively.
Overall, the weighted average HDL of participants decreased with
increasing BMD quartiles (Q1: 55.13 + 16.40; Q2: 53.50 + 15.39; Q3:
53.59 + 15.58; Q4: 53.28 + 15.64, P = 0.18), while LDL increased with
increasing BMD quartiles (Q1: 114.42 + 35.04; Q2: 115.34 £ 32.94; Q3:
113.13 + 34.23; Q4: 108.71 + 32.49, P = 0.0016). We also found sta-
tistically significant differences in Age, PIR, SEX, RACE/ETHNICITY,
and Hypertension (all < 0.05) among the population (TABLE 2).

3.2.2. Relationship between HDL, LDL, and BMD

Table 3 shows the association between HDL, LDL, and BMD. We
found that higher HDL was positively correlated with increased BMD
scores in both crude and adjusted models. In the unadjusted model 1,
OR =-0.018, 95 % CI: —0.050 to 0.013. After adjusting for age, sex, and
race/ethnicity, the OR in model 2 was 0.033, with a 95 % CI of 0.002 to
0.065. In the fully adjusted model 3, the OR and 95 % CI were 0.051 and
0.013 to 0.088, indicating a 5.1 % higher likelihood of increased bone
density in participants with higher HDL compared to those with lower
HDL. We also found that higher LDL was negatively correlated with BMD
scores in both the crude and adjusted models. In the unadjusted model 1,
OR = -0.035, 95 % CI: —0.050 to —0.020. After adjusting for age, sex,
and race/ethnicity, the OR in model 2 was —0.035, with a 95 % CI of
—0.049 to —0.020. In the fully adjusted model 3, the OR and 95 % CI
were —0.035 and —0.051 to —0.019, indicating a 3.5 % higher likeli-
hood of increased bone density in participants with lower LDL compared
to those with higher LDL. We further used smooth curve fitting to
explore the relationship between HDL, LDL, and BMD. The results
showed a positive correlation between HDL and BMD (Fig. 6A) and a
negative correlation between LDL and BMD (Fig. 6B).

3.2.3. Subgroup analysis

To evaluate whether the relationship between HDL, LDL, and BMD is
consistent across different population subgroups, we conducted sub-
group analyses based on sex, race/ethnicity, age, diabetes, hypertension,
and hypercholesterolemia. The results indicated inconsistent associa-
tions. We found significant interactions for HDL with sex, age, and hy-
pertension (P for interaction < 0.05), suggesting that the correlation
between HDL and BMD depends on hypertension and may apply to
patients without hypertension. For LDL, there was a significant inter-
action with hypertension (P for interaction < 0.05), similarly indicating
that the correlation between LDL and BMD depends on hypertension and
may apply to patients without hypertension Fig. 7..

4. Discussion

Our MR study revealed a causal relationship between myocardial
infarction and osteoporosis. The MR results demonstrated a close rela-
tionship between myocardial infarction and osteoporosis (with all IVW
analysis results having p-values less than 0.05). Myocardial infarction
was identified as a detriment factor for osteoporosis (OR = 0.1 in IVW
analysis), while osteoporosis was beneficial for myocardial infarction
(OR = 1.16 in IVW analysis).

In our NHANES study, following the standards for clinical and pre-
clinical research [14,15], we established a myocardial infarction model
with HDL and LDL as the dependent variables, and triglycerides, blood
pressure, hyperlipidemia, diabetes, age, sex, race/ethnicity, and poverty
income ratio as covariates. We investigated the relationship between
this model and BMD, which reflects osteoporosis. The results indicated
that in the myocardial infarction model, compared to participants with
lower HDL, those with higher HDL had a 5.1 % higher likelihood of
increased bone density, showing a positive correlation between HDL and
BMD. Similarly, in the myocardial infarction model, compared to par-
ticipants with higher LDL, those with lower LDL had a 3.5 % higher
likelihood of increased bone density, indicating a negative correlation
between LDL and BMD. Patients with myocardial infarction typically
had decreased HDL levels and increased LDL levels, suggesting a
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Table 2
Baseline characteristics of the participants, weighted.

Characteristic BMD
Q1 Q2 Q3 Q4 P value

Age(years) 39.78 38.89 37.85 38.24 0.0423
+ + + +
12.46 12.37 12.05 12.35

HDL 55.13 53.50 53.59 53.28 0.18
+ + + +
16.40 15.39 15.58 15.64

TG 100.61 110.24 105.02 106.62 0.1042
+ + + +
63.49 62.79 68.59 68.34

LDL 114.42 115.34 113.13 108.71 0.0016
+ + + +
35.04 32.94 34.23 32.49

SBP 118.80 119.33 118.97 120.13 0.4045
+ + + +
14.34 14.99 15.30 14.46

DBP 71.36 71.75 70.74 72.04 0.2035
+ + + +
10.77 11.41 11.79 11.43

PIR 2.51 £ 2.78 £ 2.94 + 3.01 + <0.0001
1.57 1.62 1.58 1.58

SEX <0.0001

Male 35.32 49.91 54.25 68.76

Female 64.68 50.09 45.75 31.24

RACE/ETHNICITY <0.0001

Mexican American 17.04 12.84 8.22 5.5

Other Hispanic 11.07 9.82 7.53 4.27

Non-Hispanic White 47.17 54.44 61.72 69.7

Non-Hispanic Black 12.12 9.51 12.21 13.08

Other race/ethnicity ~ 12.6 13.4 10.31 7.45

— Including Multi-
Racial

Hypertension 0.0811

Yes 22.56 23.03 18.53 24.81

No 77.44 76.81 81.47 74.94

Don’t know 0.16 0.26

Hypercholesteremia 0.1429

Yes 25.89 23.42 19.49 22.53

No 73.78 76.43 80.38 77.47

Don’t know 0.33 0.15 0.13

DIABETES 0.1783

Yes 4.92 6.47 4.73 6.89

No 91.7 91.89 93.71 91.63

Borderline 3.04 1.57 1.56 1.35

Don’t know 0.34 0.08 0.12

Mean =+ standard error (SE) for continuous variables and percentage (%) for
categorical variables. PIR, poverty to income ratio; HDL, high-density lipopro-
tein; LDL, low Density Lipoprotein;DBP, diastolic blood pressure; SBP, systolic
blood pressure; TG, triglyceride.

Table 3
Multivariable logistic regression analysis results for HDL, LDL, and BMD,
weighted.

Exposure  Non-adjusted Adjust I Adjust I

HDL —0.018 (-0.050, 0.033 (0.002, 0.065) 0.051 (0.013, 0.088)
0.013) 0.25828 0.03885 0.00834

LDL —0.035 (—0.050, —0.035 (—0.049, —0.035 (-0.051,

—0.020) < 0.00001 —0.020) < 0.00001 —0.019) 0.00002

OR, odds ratio; 95 % CI, 95 % confidence interval.

Model 1: Adjusted for no covariates.

Model 2: Adjusted for age, sex, and race/ethnicity.

Model 3: Adjusted for age; sex; race/ethnicity; PIR; systolic blood pressure;
diastolic =~ blood  pressure; triglyceride; diabetes; hypertension;
hypercholesterolemia.

decreased bone density and increased risk of osteoporosis, consistent
with our MR results.

Osteoporosis can be triggered by various inflammatory factors. The
inflammatory cytokine TNF-alpha (Tumor necrosis factor alpha) is a key
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factor in the inflammatory response, leading to the production of a series
of cell and inflammatory factors like IL-17A, IL-17F, IL-12, or IL-23 [16].
In mice, TNF-alpha can activate the NF-kB pathway, which then acti-
vates c-Fos, leading to the activation of NFATc1, ultimately inducing the
development and activation of osteoclasts [17], resulting in excessive
osteoclast activity and osteoporosis. IL-8, a member of the IL-1 family, is
produced mainly by monocytes, macrophages, lymphocytes, and endo-
thelial cells, attracting neutrophils, monocytes, and other inflammatory
cells and promoting the production of inflammatory mediators [18]. In
COPD patients, IL-8 can promote RANKL expression via the STAT3
pathway [19,20], and increased RANKL expression can elevate the
expression of neutrophils in peripheral blood, affecting the development
of osteoporosis [21]. IL-10 is primarily produced by monocytes, mac-
rophages, and T cells. It can inhibit the inflammatory response and
attenuate immune responses [22]. With the progression of myocardial
ischemia-reperfusion after myocardial infarction, the release of IL-10
significantly increases [23]. Additionally, IL-10 can weaken the cal-
cium pathway to inhibit the RANK signal’s co-stimulation, thereby
reducing RANKL-induced osteoclast generation, inhibiting human
osteoclast formation, slowing down osteoporosis development. More-
over, high concentrations of IL-10 in the blood can significantly reduce
TNF-alpha levels and inhibit osteoclast apoptosis, lowering the risk of
osteoporosis occurrence [24]. We believe that the relationship between
myocardial infarction and osteoporosis is likely initiated by inflamma-
tion. Inflammatory factors released post-myocardial infarction to
counteract reperfusion injury, notably TNF-alpha, IL-1a, and IL-8, elicit
the production of anti-inflammatory factors like IL-10, TGF-f, IL-4, or
PGE2. These anti-inflammatory factors can weaken the onset and pro-
gression of osteoporosis, and inflammation triggered by osteoporosis
may exacerbate damage to cardiac vascular endothelium, leading to clot
formation and subsequent myocardial infarction.

Among the biomarkers in myocardial infarction, inhibiting galectin-
3 can alleviate fibrosis and dysfunction post-myocardial infarction [25].
Experimental results indicate that mice lacking galectin-3 exhibit
increased osteoclasts in bone tissue and decreased trabecular bone vol-
ume. Galectin-3 may interfere with the RANKL/OPG signaling pathway,
suppressing osteoclast generation [26]. Galectin-3 can form a complex
with TRIM16 and other autophagy-related proteins like ULK1 and
Beclinl to induce autophagy and promote osteogenic differentiation of
bone marrow mesenchymal stem cells, potentially influencing the
occurrence and development of osteoporosis through regulating the
autophagic process [27]. Adiponectin exerts antioxidant effects,
neutralizing free radicals, reducing oxidative stress on myocardial cells,
aiding nitric oxide synthesis, lowering levels of angiotensin II, protecting
myocardial cells from oxidative stress, and can function as a biomarker
for myocardial infarction [28]. Additionally, Adiponectin can activate
AMPK, which plays a significant role in bone metabolism. AMPK acti-
vation assists in inhibiting fat cell formation and proliferation while
promoting osteoblast function, aiding in increased bone density [29].
Adiponectin enhances bone formation by influencing the Wnt signaling
pathway. In the Wnt signaling pathway, the stability and accumulation
of p-catenin protein are critical for osteoblast proliferation and differ-
entiation. Adiponectin can increase the expression of B-catenin, pro-
moting osteoblast function, enhancing bone formation [30], thus
affecting osteoporosis. In the context of myocardial infarction, ischemia-
induced cardiac cell energy metabolism disruption and internal calcium
ion imbalance due to cellular hypoxia result in damaged cell membrane
and endoplasmic reticulum membranes, leading to troponin T release
into the bloodstream as a biomarker for myocardial infarction [31].
Troponin T is directly related to bone formation; when muscles contract,
they secrete muscle growth factors like IGF-1, which promote osteoblast
(bone-forming cell) activity and inhibit bone resorption (induced by
osteoclasts). Furthermore, troponin T isoforms, especially the isoform
associated with fast muscle fibers, may directly correlate with bone
formation and metabolism. It may enhance osteoblast activity (through
the Wnt/p-catenin signaling pathway), increase bone matrix synthesis
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Fig. 6. The association between the probabilities of HDL, LDL, and BMD. Adjusting for potential confounding variables (age; sex; race/ethnicity; PIR; systolic blood
pressure; diastolic blood pressure; triglyceride; diabetes; hypertension; hypercholesterolemia). The red dotted line represents the fitted spline curve. The blue dotted
line represents the 95% confidence interval. (A) The association between HDL and the probability of BMD; (B) The association between LDL and the probability

of BMD.
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Fig. 7. Subgroup analysis of the correlation between HDL and BMD scores (A) and the correlation between LDL and BMD scores (B).

and mineralization, improve bone density, and alleviate osteoporosis
[32].

Within our study, the implications of the positive correlation be-
tween HDL and BMD include: a positive relationship signifies that as
HDL levels increase, BMD typically also increases. This relationship
suggests that HDL may play a beneficial role in bone metabolism.
Studies indicate that HDL may enhance bone tissue formation by

activating the PI3K/Akt pathway to inhibit apoptotic signaling path-
ways, thereby increasing osteoblast survival rates and enhancing bone
tissue formation. HDL can also promote osteoblast differentiation and
function by regulating the Wnt/p-catenin signaling pathway [33]. In
contrast, the implications of the negative correlation between LDL and
BMD include: a negative relationship signifies that as LDL levels in-
crease, BMD typically decreases. This relationship suggests that LDL
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may play a detrimental role in bone metabolism. LDL may lead to
increased RANKL (receptor activator of nuclear factor-xB ligand)
expression, stimulating osteoclast formation and activity by binding to
its receptor RANK, thereby increasing bone resorption. High LDL levels
are generally associated with chronic inflammation, which can impact
bone metabolism, suppressing osteoblast function [34].

5. Conclusion

We conducted bidirectional MR analyses and NHANES analyses on
osteoporosis and myocardial infarction, revealing a causal relationship
between the two. It is noteworthy to consider the role of inflammatory
factors in osteoporosis. However, the specific mechanisms by which
myocardial infarction is beneficial for osteoporosis and osteoporosis is
detrimental for myocardial infarction still require further in-depth
research.
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