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Background: Stroke and myocardial infarction (MI) are associated with each other, as demon-
strated in observational studies. However, it is unclear whether this relationship is causal, and the
purpose of this study was to explore the bidirectional causality between stroke and MI.
Methods: Causality between stroke and MI was assessed using two-sample Mendelian
randomization (MR). All genetic instruments related to stroke (40,585 cases; 406,111 con-
trols) and MI (43,676 cases; 128,199 controls) were derived from large published genome-
wide association study. The MR analysis was calculated with inverse-variance weighting,
MR-Egger, weighted mode, weighted median, and simple mode methods, and sensitivity
analyses are used to detect the heterogeneity or pleiotropy.

Results: Genetically predicted large-artery stroke (LAS) was causally related to higher odds of
MI (odds ratio [OR] = 1.13, 95% confidence interval [CI]: 1.06-1.20, p = 1.0x10™%), and the
causal effect of LAS on MI was significantly weakened (OR = 1.09, 95% CI: 1.02-1.17, p =
0.017) after excluding the multipotent single-nucleotide polymorphisms (SNPs). MI phenotypes
were genetically correlated with all ischemic strokes (OR = 1.15, 95% CI: 1.03-1.28, p = 0.013)
and LAS (OR = 1.39, 95% CI: 1.14-1.71, p = 0.001); but a causal effect of MI on all ischemic
strokes (OR = 1.00, 95% CI: 0.95-1.28, p=0.219) and LAS (OR = 1.26, 95% CI: 0.93-1.69, p =
0.130) was not observed after excluding the multipotent SNPs.

Conclusion: This MR analysis provides evidence to support the causal effect of LAS subtype
on MI, and some factors act as confiding factors whereas others may act as mediators.
Keywords: causal inference, single-nucleotide polymorphism, genome-wide association
study, epidemiologic methods, large-artery stroke

Introduction
Stroke and myocardial infarction (MI) are major clinical and public health pro-
blems. Both have a significant global impact; stroke leads to disability and
mortality,' and MI causes more than 7 million deaths worldwide annually.”
Observational studies confirmed that ischemic stroke and MI are interrelated.’
Patients with acute ischemic stroke have a high risk of MI, and the 5-year risk of MI
after stroke is 8.6%.* Stroke causes autonomic dysfunction and systemic inflammation,
and these dysregulation promote arrhythmia, microvascular dysfunction, coronary ische-
mia and myocardial necrosis.>° It has been reported that stroke is a serious complication
after MI,” with annual an incidence rate of up to 4%." Left ventricle akinesia and/or
dyskinesia after MI possibly increase the risk of mural thrombosis and cause stroke or
peripheral thromboembolism.” However, observational research has some potential
biases, which may be caused by confounding factors or reverse causality. These biases
cause the inability to form stable causal inferences in observational research when
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interpreting the results,'” so the causality behind these associa-
tions remains largely unclear. Thus, exploring new methods to
prove the causal link between stroke and MI is important.

As a new epidemiological method, Mendelian randomiza-
tion (MR) provides a stronger causal inference between expo-
sure and disease risk.'" MR analysis detects the causal
relationship between exposure factors and outcomes by
using genetic variation as instrumental variables (IVs).'> MR
can compensate for the shortcomings of traditional epidemio-
logical studies that are affected by confounding factors and
reverse causality.'> Recently, genome-wide association studies
(GWASs) have been extensively performed and provides data
resources for MR."* The purpose of this study was to compre-
hensively explore the causality between ischemic stroke and
MI using a two-sample bidirectional MR analysis.

Materials and Methods

Study Design

A two-sample MR study was performed to explore the
potential causal relationship between ischemic stroke and

its subtypes and MI. MR studies are based on three main
assumptions (Figure 1A):"> 1Vs are related to exposure
with genome-wide significance; the IVs are not related to
any of the confounders associated with exposure or out-
come; and the IVs influence outcome only through expo-
sure. This study used a two-sample bidirectional MR
method, and the design is shown in Figure 1B. In addition,
we used the Strengthening the Reporting of Observational
Studies in Epidemiology— Mendelian randomization
(STROBE-MR)'® guidelines for reporting this study.

Data Sources

The diagnosis of ischemic stroke complied with the guide-
lines for early management of patients with acute ischemic
stroke,'” and the diagnosis of MI in this study was based
on the definition of American Heart Association (AHA)
and American College of Cardiology (ACC).'® The data of
ischemic stroke and its subtypes were acquired from
GWASs of up to 446,696 individuals (40,585 cases;
406,111 controls) of European ancestry, conducted by the
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Figure | The main assumptions of two-sample Mendelian randomization and the design of this study. (A) The main assumptions of two-sample Mendelian randomization.
(B) This study design of the Mendelian randomization analysis of ischemic stroke and myocardial infarction.
Abbreviations: LAS, large-artery stroke; CES, cardioembolic stroke; SVS, small vessel stroke; SNPs, single-nucleotide polymorphisms.
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MEGASTROKE consortium.'® Ischemic stroke was
divided into three subtypes: large-artery stroke (LAS),
cardioembolic stroke (CES), and small vessel stroke
(SVS). Data on MI were acquired from a large GWAS
with 171,875 subjects (43,676 cases;
128,199 controls) of European ancestry, conducted by the
CARDIOGRAMplusC4D  consortium.?’ These original

GWASSs obtained ethical approval and informed consent

meta-analysis

from all participants.

Single-Nucleotide Polymorphism (SNP)

Selection

All ischemic stroke and its subtypes were used as the expo-
sure, and nine SNPs related to all ischemic stroke at genome-
wide significance (p < 5x10°%) were selected as genetic
instruments.'” By testing linkage disequilibrium (r* > 0.01,
kb < 5000),>' no SNP was excluded. To assess whether these
SNPs were associated with confounding or risk factors for
searched in

disease  outcome,

PhenoScanner?>?3

every SNP was
(http://www.phenoscanner.medschl.cam.

acuk/) to exclude potential pleiotropy. Three SNPs
(rs2634074, 1rs2107595, rs3184504) were associated with
hypertension, type II diabetes, atrial fibrillation, and coronary
heart disease and were excluded. Subsequently, we calculated
the F-statistic of these SNPs (ranging from 74.0 to 150.6),
indicating they were strong instruments for this MR study.**
The SNPs associated with ischemic stroke subtypes (LAS,
CES, and SVS) were screened in the same way. Notably,
there was no significant SNP (p < 5.0x10%) in SVS; thus,
we did not perform the analysis for SVS.

When MI was used as the exposure, 26 SNPs related to MI
at genome-wide significance (p < 5x10°%) in the published
GWAS® were used as genetic instruments. One SNP
(rs10176176) was excluded by testing linkage disequilibrium.
Subsequently, 25 SNPs were detected in PhenoScanner, and
13 SNPs (157528419, rs72689147, 1s2327426, rs10947786,
rs1510226, 1510455872, rs11556924, rs532436, rs653178,
152681472, 157173743, 1541290120, 1s113113862) were asso-
ciated with body mass index, current smoking, hypertension,
type II diabetes, atrial fibrillation, low/high-density lipoprotein
cholesterol or total cholesterol, and were excluded. The
F-statistic of the selected IVs ranged from 11.0 to 124.4,
avoiding weak instrument bias.

Statistical Analyses
Statistical analyses of all data were performed using
R (version 4.0.5) and a two-sample MR package.”> The

main analysis was carried out by the random effects
inverse-variance weighting (IVW) method,”® which pro-
vides consistent and efficient estimates when all genetic
variants are valid. The weight of IVW comes from the
reciprocal of the estimated variance of the Wald ratio of
each SNP, and its weight represents the estimated accu-
racy of the Wald ratio of each SNP. The MR-Egger,
weighted median, simple mode, and weighted mode
regression methods were performed as complementary
analyses. The MR-Egger method can provide robust esti-
mates for situations that may violate standard IV assump-
tions due to directional pleiotropy.*® The weighted median
method can provide robust estimates even if up to 50% of
the information comes from ineffective IVs.?” In sensitiv-
ity analyses, we used the heterogeneity, pleiotropy, and
leave-one-out tests. The heterogeneity test assessed the
difference between each genetic variant. The MR-Egger
intercept was used to assess horizontal pleiotropy, and
horizontal pleiotropy, which was determined to exist if
there was a large gap between the intercept term and
zero. The leave-one-out analysis was conducted to test
the robustness of the results by sequentially excluding
one SNP at a time. The associations between genetically
predicted exposure and outcome were presented as odds
ratios (ORs) and 95% confidence intervals (Cls). An
observed two-sided p values < 0.05 were considered as
significant evidence for a causal association, and
a Bonferroni correction (p-value after correction = 0.05/
number of exposures/the number of outcomes) was used
for multiple comparisons.

Results

We used two-sample bidirectional MR to analyze the
causal relationship between MI and ischemic stroke.
Genetically predicted stroke had a causal effect on MI
but the causal effect of MI on stroke and its subtypes
was not observed (Figure 1B). The detailed results were
as follows.

Effect of All Ischemic Stroke and lts
Subtypes on the Risk of Myocardial
Infarction

All ischemic stroke and each of its subtypes were used as the
exposure. There were nine available SNPs for all ischemic
stroke, four SNPs for CES, four SNPs for LAS, and no
available SNPs for SVS. The characteristics of these SNPs
are shown in Online Supplemental Table 1. The main results
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of the MR analysis of the causal effect of stroke on MI are
presented in Figure 2. The results showed a causal effect of
all ischemic stroke on MI (odds ratio [OR] = 1.31, 95%
confidence interval [CI]: 1.05-1.63, p = 0.016), and LAS
on MI (OR = 1.13, 95% CI: 1.06-1.20, p = 1.0x10™*), but
CES had no causal effect on MI (OR = 1.00, 95% CI: 0.94—
1.06, p = 0.942). The sensitivity analysis indicated hetero-
geneities among individual SNPs of all ischemic stroke on
MI (p = 2.95x107°), but there were no heterogeneities of
LAS on MI (p =0.355) and CES on MI (p = 0.939). The MR-
Egger analysis showed that there was no horizontal pleiotro-
pic effect: all ischemic stroke on MI (intercept = —0.013,
p =0.844), LAS on MI (intercept = —0.017, p = 0.424), and
CES on MI (intercept = 0.002, p = 0.894). By leave-one-out
analysis, the results of all ischemic stroke (Figure 3A) and
LAS (Figure 3B) on MI were robust and not significantly
driven by any single SNP.

In addition, we analyzed the remaining six SNPs to
observe the causal effect of all ischemic stroke on MI
(Figure 2). The results demonstrated that the causal effect
of all ischemic stroke on MI was significantly weakened

using six SNPs (OR = 1.15, 95% CI: 1.00-1.33,
p = 0.046), which excluded SNPs associated with con-
founding factors. In the sensitivity analyses, this study
did not find any heterogeneity (p = 0.598) or directional
pleiotropy (intercept = 0.015, p = 0.809) for six SNPs.
The effect of all ischemic stroke on MI was not substan-
tially driven by any single SNP by leave-one-out analysis
(Figure 3C). Regarding the effect of LAS on MI, the
results (Figure 2) indicated the causal association
between LAS and MI was significant with 3 SNPs (OR
= 1.09, 95% CI: 1.02-1.17, p = 0.017), and this causal
relationship remained significant after Bonferroni correc-
tion (Bonferroni-corrected p-value: 0.017). The scatter
plot in Figure 4 shows that the risk of MI increases as
of LAS

Moreover, sensitivity analyses confirmed there was no

the genetically odds increase genetically.
heterogeneity (p = 0.771) or pleiotropy (intercept =
0.009, p = 0.681) for LAS on MI using three SNPs.
The leave-one-out analysis (Figure 3D) demonstrated
that the causal effect of LAS on MI is robust after

eliminating confounding factors.

MR Outcomes OR(95%Cl) p value
Ischemic stroke(9 SNPs) on Mi

Inverse-variance weighting —_— 1.31(1.05-1.63) 0.016
MR Egger 1.55(0.31-7.84) 0.614
Weighted median —_— 1.10(0.94-1.29) 0.241
Simple mode —_— 1.11(0.89-1.38) 0.399
Weighted mode —_— 1.06(0.88-1.28) 0.551
CES(4 SNPs) on MI

Inverse-variance weighting —-— 1.00(0.94-1.06) 0.942
MR Egger — 0.99(0.86-1.14) 0.882
Weighted median —-— 0.99(0.93-1.06) 0.776
Simple mode — 0.99(0.90-1.09) 0.825
Weighted mode —- 0.99(0.92-1.06) 0.770
LAS(4 SNPs) on Mi

Inverse-variance weighting —— 1.13(1.06-1.20) 1.0x10*
MR Egger — 1.06(0.93-1.21) 0.468
Weighted median —— 1.10(1.01-1.18)  0.020
Simple mode — 1.09(0.97-1.23) 0.243
Weighted mode —— 1.08(0.98-1.19) 0.227
Exclude multipotent SNPs

Ischemic stroke(6 SNPs) on Mi

Inverse-variance weighting — 1.15(1.00-1.33) 0.046
MR Egger 0.93(0.18-4.83) 0.935
Weighted median - 1.10(0.92-1.31)  0.300
Simple mode —_— 1.07(0.82-1.40) 0.651
Weighted mode —_— 1.05(0.82-1.35) 0.694
LAS(3 SNPs) on Mi

Inverse-variance weighting —-— 1.09(1.02-1.17)  0.017
MR Egger — 1.06(0.93-1.20) 0.542
Weighted median — 1.08(0.99-1.18) 0.066
Simple mode — 1.08(0.98-1.19) 0.257
Weighted mode —— 1.08(0.98-1.17)  0.251
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Figure 2 Mendelian randomization analysis of ischemic stroke and its subtypes for the risk of myocardial infarction.
Abbreviations: OR, odds ratio; Cl, confidence interval; LAS, large-artery stroke; CES, cardioembolic stroke; VWV, inverse variance-weighted; MR, Mendelian randomiza-

tion; MI, myocardial infarction; SNPs, single-nucleotide polymorphisms.
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Figure 3 Mendelian randomization leave-one-out sensitivity analysis for exposure on outcome. (A) All ischemic stroke on myocardial infarction. (B) Large-artery stroke on
myocardial infarction. (C) All ischemic stroke on myocardial infarction after excluding the multipotent SNPs. (D) Large-artery stroke on myocardial infarction after excluding the
multipotent SNPs. (E) Myocardial infarction on all ischemic stroke. (F) Myocardial infarction on large-artery stroke. Circles indicate Mendelian randomization estimates for
exposure on the outcome using the inverse-variance weighted method if the SNP was omitted. The bars indicate the confidence interval of Mendelian randomization estimates.

Abbreviations: MR, Mendelian randomization; SNP, single-nucleotide polymorphism.
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Figure 4 Associations of large-artery stroke related variants with risk of myocardial infarction. The line indicates the estimate of the effect using the MR method. Circles
indicate marginal genetic associations with large-artery stroke and risk of myocardial infarction for each genetic variant. Error bars indicate 95% Cls.
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A ' B

1
MR outcome OR(95%Cl) p value! MR outcome OR(95%Cl)  pvalue
MI on stroke (25 SNPs) : MI on stroke (12 SNPs)
Ischemic stroke 1 Ischemic stroke
Inverse-variance weighting — 1.15(1.03-1.28) 0.014 : Inverse-variance weighting _—— 1.10(0.95-1.28) 0.219
MR Egger —_— 1.11(0.86-1.42) 0.441 | MR Egger ——=———— 1.18(0.78-1.78)  0.447
Weighted median —— 1.14(1.04-1.25) 0.004 : Weighted median —_—— 1.18(1.04-1.33) 0.008
Simple mode —— 1.15(0.97-1.35)  0.119 !  Simple mode ——  1.29(0.96-1.74) 0.125
Weighted mode —— 1.18(1.07-1.31)  0.003 : Weighted mode —— 1.26(1.12-1.43)  0.003
Cardioembolic stroke I Cardioembolic stroke
Inverse-variance weighting —— 1.11(0.99-1.25)  0.086 : Inverse-variance weighting —— 1.11(0.97-1.27) 0.115
MR Egger —_—— 1.1(0.83-1.46) 0529 | MR Egger —_— 1.14(0.79-1.66)  0.492
Weighted median — 1.14(0.99-1.31) 0.065 , Weighted median —_— 1.15(0.97-1.36) 0.100
Simple mode _— 1.14(0.9-1.44) 0.303 : Simple mode _— 1.24(0.95-1.62) 0.144
Weighted mode +—— 1.12(0.95-1.32) 0.184 ; Weighted mode T 1.17(0.97-1.40)  0.126
Large artery stroke : Large artery stroke
Inverse-variance weighting ———  1.39(1.14-1.71) 1.5x1073, Inverse-variance weighting —— 1.26(0.93-1.69) 0.130
MR Egger ——=— 1.68(1.06-2.67)  0.037 ! MR Egger ——=— 1.17(0.52-262) 0.716
Weighted median —=— 1.65(1.36-2.01) 4.5x107, Weighted median —=—— 1.56(1.20-2.03) 0.001
Simple mode —=——— 1.15(07-189) 0574 | Simple mode ——— 094(051-172) 0842
Weighted mode ——=» 1.73(1.33-2.24) 4.1x10™4, Weighted mode —=— 1.66(1.24-2.22) 0.006
Small vessel stroke ! Small vessel stroke
Inverse-variance weighting ~—e—— 1.03(0.85-1.25) 0.742 , Inverse-variance weighting +—=—— 1.02(0.77-1.35) 0913
MR Egger -— 0.83(0.54-1.27) 0403 ! MR Egger e 089(0.41-192) 0772
Weighted median —— 1.090.91-1.31) 0349 , Weighted median T 1.21(0.98-1.51)  0.082
Simple mode —-— 1.01(0.72-1.42) 0.959 : Simple mode —— 1.36(0.90-2.05) 0.168
Weighted mode — 1.11(0.85-1.46) 0452 | Weighted mode = 1.29(1.02-1.63)  0.060
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Figure 5 Mendelian randomization analysis of myocardial infarction for the risk of ischemic stroke and its subtypes. (A) The effect of all selected SNPs related to myocardial
infarction on stroke and its subtypes. (B) The causal effect of myocardial infarction on stroke and its subtypes after excluding the multipotent SNPs.
Abbreviations: OR, odds ratio; Cl, confidence interval; IVW, inverse variance-weighted; MR, Mendelian randomization; SNPs, single-nucleotide polymorphisms.

Effect of Myocardial Infarction on Risk of

All Ischemic Stroke and Its Subtypes
When MI was used as the exposure, 25 eligible SNPs were
obtained, and they are shown in Online Supplemental Table 2.

The MR analysis of the causal effect of MI on ischemic stroke
is presented in Figure SA. The results revealed that the genetic
prediction of MI was related to an increased risk of all ischemic
stroke (OR = 1.15, 95% CI: 1.03-1.28, p = 0.014) and LAS
(OR =1.39,95% CI: 1.14-1.71, p = 0.001). The causal effect
of MI on CES (OR = 1.11, 95% CI: 0.99-1.25, p = 0.086) and
SVS (OR = 1.03, 95% CI: 0.85-1.25, p = 0.742) was not
significant. In the sensitivity analysis, the results indicated
strong heterogeneities for all ischemic stroke (p=5.21x10""¢),
LAS (p = 1.17x10°°), and SVS (p = 1.92x10"°), but not for
CES (p = 0.032). There was no directional pleiotropy for the
relationship between the SNPs and risk of all ischemic stroke
(intercept = 0.004, p = 0.748), LAS (intercept= —0.022,
p = 0.379), CES (intercept = 0.001, p = 0.924), and SVS
(intercept = 0.025, p = 0.277) in MR-Egger regression. The
causal effect of MI on all ischemic stroke (Figure 3E) and LAS
(Figure 3F) was not driven by any single SNP as indicated by
leave-one-out analysis. After excluding the multipotent SNPs,
the analysis results of the remaining 12 SNPS showed that MI
had no causal effect on all ischemic stroke (OR =1.10, 95% CI:
0.95-1.28,p=0.219),on LAS (OR =1.26, 95% CI: 0.93-1.69,

p=0.130), on CES (OR=1.11, 95% CI: 0.97-1.27, p = 0.115)
and on SVS (OR = 1.02, 95% CI: 0.77-1.35, p = 0.913)

(Figure 5B).

Discussion
In this study, the primary two-sample MR analysis pro-
vided evidence that genetically increasing odds of LAS
subtype has a causal relationship with increased risk of
MI, whereas the causal effect of MI on stroke and its
subtypes was not detected. Furthermore, we used different
statistical models and instruments to demonstrate that
these results are robust.

Patients with transient ischemic attack or stroke have
a high risk of MI according to a meta-analysis,”® which
included 39 studies with 65,996 patients. Through
a multicenter stroke registry in Korea, two studies®”°
revealed that the 1-year and 5-year cumulative incidence
rates of MI after acute ischemic stroke were 0.5% and 2%,
respectively. The Northern Manhattan Study showed that
the S5-year risk of MI was 8.6% in patients with stroke,
though more research is needed to detect the determinants
of MI after stroke.* However, due to the essential char-
acteristics of observational studies, these studies still can-
not control the effects of unmeasured confounding factors
and reverse causality. This study observed that the causal
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effect of all ischemic stroke on MI was weakened in the
two sample MR analysis using six SNP instruments, which
excluded SNPs associated with diabetes, hypertension,
atrial fibrillation, and coronary heart disease, indicating
that the causal effect of all ischemic stroke on MI may
be mediated by these factors.

Regarding the effect of LAS on MI, causality persisted
after using the three SNP instruments, which excluded a SNP
(rs2107595) that had been associated with self-reported hyper-
tension or coronary artery disease, indicating that their causal
association is robust. This study provides evidence supporting
a causal relationship of genetically predicted LAS on the risk
of MI using the two-sample MR method, which may control
unmeasured confounders and reverse causation.'®> This is
a significant finding that may help to clarify the internal
association between LAS and MI. As is well-known, LAS
subtype and MI share many common atherosclerotic factors,”'
which may indicate that there is a correlation between them.
Brain injury can change the autonomic nervous and neurohor-
monal pathways involved in the control of heart function,”>
so stroke patients are prone to serious adverse cardiac events
that further affect cardiac function and promote myocardial
injury. From a mechanistic and pathophysiological perspec-
tive, the main reasons for the increased risk of MI after stroke
are as follows: changes in the structure or function of the
central autonomic neural network™ (especially the activation
of the renin-angiotensin-aldosterone system); microvascular
dysfunction;** systemic proinflammatory response,>> and cor-
onary artery demand ischemia.® Given the high clinical burden
of MI after ischemic stroke,*® high-quality monitoring of
cardiovascular adverse events should be maintained for stroke
patients. This research emphasizes the importance of the diag-
nosis and treatment of LAS and its causes, not only to prevent
the recurrence of stroke but also the occurrence of myocardial
infarction.

Prospective observational studies have demonstrated that
MI is associated with stroke.” Stroke is a serious complication
of MI, and there is a high risk of ischemic stroke within
one year after ML® In addition, ischemic stroke after MI is
related to high mortality and morbidity, resulting in a heavy
clinical burden.®” Left ventricle akinesia and/or dyskinesia
after MI possibly increase the risk of mural thrombosis and
cause stroke or peripheral thromboembolism.” However, in
this study, MI showed no causal effect on stroke and its
subtypes using the two-sample MR method. This result sug-
gests that the relationship between MI and stroke risk detected
in observational cohort studies may be confounded by com-
mon risk factors, rather than indicates causality. As is well-

known, MI and stroke have numerous common vascular risk
factors, such as age, smoking, obesity, lipid disorders, diabetes
mellitus, hypertension, heart failure, and atrial fibrillation.*®
As our results demonstrate, after excluding SNPs related to
these risk factors, the causal effect of MI on stroke is not
significant. Therefore, it is critical to manage risk factors, in
order to prevent the occurrence of stroke after MI. However,
the summary level of the GWAS dataset can hardly eliminate
the effect of other confounding factors and avoid the sub-
threshold effect of the genetic variants. Therefore, the causal
effect of MI on stroke and its subtypes needs to be further
investigated.

This study has some limitations. First, stroke and MI
share many common risk factors; although we screened
each SNP, there are still some potential factors that cannot
be adjusted. Second, the potential horizontal pleiotropy
cannot be entirely excluded, which may cause biased
causal effect estimates, although pleiotropic effects were
not found in the test of this study. Third, the subjects of
this MR study were of European ancestry, and it cannot be
completely ruled out that population stratification may
have some influence on the results. Thus, this conclusion
should not be generalized to other ethnic groups world-
wide. Finally, there are only a few SNPs associated with
LAS at a genome-wide significance level, and they cannot
reliably detect the abovementioned pleiotropy with the
alternative MR methods. Thus, functional SNPs in the up-
to-date GWASs should be used for further MR analysis to
confirm the conclusion.

Conclusion

This MR analysis provides evidence to support the causal
effect of LAS subtype on MI, and some factors act as
confiding factors whereas others may act as mediators.
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