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Abstract

Cardiomyopathies are commonly believed to have genetic origins; however, the connection between cardiomyopathies
and cardiovascular diseases remains uncertain. Thus, we employed a Mendelian randomization (MR) approach to inves-
tigate the potential causal effects of specific cardiovascular disease subtypes on dilated and hypertrophic cardiomyop-
athies, focusing primarily on a European population. Summary-level data for cardiomyopathies and other cardiovascular
diseases were obtained from public genome-wide association studies. Random-effects inverse-variance weighting was
used as the primary analysis, whereas sensitivity analyses, including weighted median, MR—Egger, and multivariable MR
methods, were also conducted. A genetic predisposition to atrial fibrillation [odds ratio (OR): 1.33; 95% confidence
interval (Cl): 1.18-1.50; P<0.001], heart failure (OR: 3.22; 95% CI: 1.92-5.41; P<0.001), and hypertension (OR:
1.50; 95% CI: 1.25-1.81; P<0.001) were causally linked to an increased risk of developing dilated cardiomyopathy.
However, there was no direct causal connection between genetically predicted coronary heart disease, pulmonary embol-
ism, or ischemic stroke and the risk of developing dilated cardiomyopathy. In contrast, no significant associations were
found between genetically predicted CVD subtypes and the risk of developing hypertrophic cardiomyopathy.
Genetically predicted heart failure is significantly associated with the risk of developing dilated cardiomyopathy, underscor-
ing the importance of effective heart failure management for risk prevention. Moreover, individuals with hypertension and
atrial fibrillation might have an increased predisposition to dilated cardiomyopathy, highlighting crucial implications for
management.
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Introduction Recent epidemiological studies and updated evidence
have revealed that cardiomyopathy is more prevalent than

Cardiomyopathy refers to a diverse group of clinical syn- previously believed.! The prevalence of HCM in the general

dromes that affect myocardial tissue, leading to structural
changes in some heart chambers and impaired myocardial
wall function, which results in progressive cardiac dysfunc-
tion."” Clinical manifestations include heart structural 'Department of Cardiology, Jiangxi Province Hospital of Integrated
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ology and subtypes of cardiomyopathy are complex and .
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population is estimated to range from 1 in 200 to 1 in 500
people.* HCM often occurs in families and typically follows
an autosomal dominant inheritance pattern. It is currently
thought to be caused by mutations in the genes encoding
myocardial contractile proteins.” However, these genetic
mutations alone are not sufficient to cause the disease
phenotype; their effects are influenced by both genetic
and nongenetic factors.” DCM constitutes a highly hetero-
geneous group of diseases resulting from a combination of
genetic and nongenetic factors. DCM is the most common
type of cardiomyopathy, affecting approximately 1 in 250
people. It is a significant cause of heart failure (HF) with re-
duced ejection fraction.®” Recent research has indicated that
DCM is linked to factors such as viral infections, the peri-
natal period, alcoholism, certain anticancer medications,
disruptions in myocardial energy metabolism, and abnor-
malities in neurohormonal receptors. Nonetheless, the
underlying causes and mechanisms remain incompletely
understood for a notable proportion of patients.'®

Previously, there was a widespread belief that cardio-
myopathy was primarily a genetic disorder, but this belief
is not entirely accurate. While DCM and HCM exhibit
genetic predispositions, they are not purely genetic dis-
eases;'"'? genetic factors significantly contribute to their
development, but they are not the sole determinants.'?
Other cardiovascular conditions, such as hypertension
(HTN), coronary artery disease (CAD), HF, and atrial fib-
rillation (AF), may also influence the onset of cardiomyop-
athy. However, reliable epidemiological data, particularly
across different racial groups, are lacking. To gain deeper
insight into the genetic roots of cardiomyopathies and in-
vestigate their connection with cardiovascular diseases
(CVDs), we conducted an analysis of several genome-
wide association studies (GWASS).

Mendelian randomization (MR) involves the use of
single-nucleotide polymorphisms (SNPs) as a genetic
tool to identify potential causal effects of exposure on dis-
eases, utilizing genetic variation as an instrumental vari-
able.'* There are many SNP loci in the human genome,
and mutations in these loci can lead to numerous diseases.
Many phenotypic differences in the human body, suscep-
tibility to drugs or diseases, etc, are associated with SNP
loci; thus, we need to screen for SNPs that are strongly cor-
related with exposure data.'” Since genetic variation is ran-
domly assigned during meiosis and fertilization and is
established before disease onset, it is relatively independ-
ent of environmental factors and self-selected behaviors.
This minimizes issues with residual confounding and re-
verse causation.'® To avoid potential confounding bias,
this study utilized the PhenoScanner website to remove
the effects of confounders and effectively control for con-
founders.'” In addition, we conducted a series of sensitivity
analyses such as the leave-one-out method, heterogeneity
test, and multiple validity test. These sensitivity analyses
help to determine whether the causal conclusions drawn

are plausible, while using MR-PRESSO to test the level of
multiplicity and removing the weak instrumental variables
(F test values >10) to ensure the reliability and accuracy
of the results.'®

In this study, tools were derived from large-scale, nono-
verlapping GWASs, and summary statistics were obtained
from Finnish databases. Multivariable MR analyses were
then employed to evaluate the potential causal associations
between genetically predicted CVDs and the risk of devel-
oping both DCM and HCM. In this study, we utilized tools
originating from extensive, nonoverlapping GWASs and
summary statistics sourced from FinnGen databases. The
aim of this study was to explore whether genetic indicators
of specific CVDs are significantly linked to the risk of de-
veloping DCM and HCM.

Methods

In MR analyses, genetic variants used as instrumental vari-
ables for risk factors must satisfy three core assumptions to
yield valid results: (1) the exposure is strongly associated
with the genetic variants; (2) the genetic variants are unre-
lated to confounders affecting the exposure—outcome asso-
ciation; and (3) genetic variation can affect outcomes
exclusively through exposure and not through other path-
ways.'® While observational studies are susceptible to con-
founding factors, MR analysis utilizing genetic instrumental
variables can better avoid the influence of confounding fac-
tors thereby inferring a causal relationship between expos-
ure and outcome.”® In conducting MR analyses, it is not
possible to demonstrate a causal association between our
study’s exposures and outcomes simply by using one ana-
lytical method; the primary MR analysis is conducted
via the IVW method, which assumes that all variables
are valid instrumental variables; the method provides
the most accurate estimates; and when more than 50%
of the weights are derived from valid instrumental vari-
ation, the weighted median method can provide consist-
ent estimates.?! Because IVW is susceptible to potential
pleiotropic effects, we used MR-PRESSO as the primary
analysis when significant outliers were detected, as
MR-PRESSO can clearly identify and correct for poten-
tial pleiotropic outliers.?* For sensitivity analyses, we re-
peated the analyses via WM and MR Egger regressions.
The WM assumes that 50% of the information from the
genetic instruments is valid. In contrast, MR Egger re-
gression provides correct estimates, allowing all instru-
mental variables to be invalid but requiring variants to
satisfy the assumption that instrumental variable
strengths are independent of direct effects.?

Data Resources

Summary-level data for DCM (n=6584) and HCM
(n=2760) were obtained from recent GWAS data.**
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Genetic associations with HTN (n=412,113), coronary
heart disease (CHD) (n=412,181), and pulmonary
embolism (PE) (n=411,174) were sourced from the
FinnGen Consortium.”> Genetic associations ~with
HF?® (n=1,366,492 Europeans, 257,928 East Asians;
26,674 Africans (unspecified), 14,387 Other admixed an-
cestry), AF?’ (n=456,348), and ischemic stroke (IS)*®
(n=1,296,908 Europeans) were extracted from recent
GWAS data. Gene effects are inherent in the allele and
therefore invariant across genetic and environmental con-
texts. However, genetic variation varies across populations
with different genetic backgrounds, which can lead to
spurious associations between genetic variation and out-
comes.”’ This phenomenon is particularly common in
studies with multiple races or genetic backgrounds. To
minimize the influence of potential confounders on the
results of the study, the data in this study were mainly ob-
tained from European populations, and the homogeneous
population reduced the interference of genotypic and
phenotypic data by external factors and improved the ac-
curacy of the study.?* Homogeneous populations not
only help us to better understand the interactions between
genes and the environment, which is important for reveal-
ing the pathogenesis of diseases but also provide a strong
reference for the study of other populations.*® This MR
analysis did not necessitate ethical approval since all ana-
lyses were based on publicly available data.

Instrumental Variable Selection

The criteria for selecting instrumental variables were as
follows: (1) SNPs were intimately linked to exposure
factors and met the genome-wide significance threshold
(P<5x10%); (2) SNPs showing linkage disequilibrium
(r*>0.001) were removed to maintain the independence
of the selected SNPs’ effects; and (3) the F statistic was
used to gauge the strength of the association between the
instrumental variables and the exposure factors, with a
threshold of F> 10 set to effectively mitigate bias arising
from weak instrumental variables.*'

Data harmonization ensures that exposure (exposure)
and outcome (outcome) SNP effect alleles are concordant,
and in GWAS data, SNPs may contain multiple alleles.'®
The harmonization process represents these multiple al-
leles as double alleles, ensuring their correct treatment in
the analysis. Data harmonization also involves the elimin-
ation of incompatible SNPs (eg, A/G vs A/C), which are
incompatible with exposure and outcome data and can
affect the accuracy of the analysis results. Data coordin-
ation reduces errors due to inconsistent or incompatible
data, thereby improving the accuracy and reliability of
Mendelian randomization analyses and providing a solid
foundation for further causal inferences.*>

The data were harmonized to ensure that the effects of
SNPs on both exposure and outcome corresponded to the

same allele. Attempts were made to infer positively
stranded alleles via allele frequencies. Efforts have been
made to leverage allele frequencies to infer positively
stranded alleles and eliminate SNPs with inconsistent al-
leles.>® No proxy SNPs were utilized in the current MR
analysis.

Statistical Analysis

In our primary analysis, we used random-effects inverse-
variance weighting (IVW) to estimate the causal relation-
ships between genetically predicted CVD subtypes
and the risk of developing both DCM and HCM."
Additionally, we conducted sensitivity analyses via MR—
Egger, weighted median, and simple mode methods. We
also applied the MR-PRESSO (MR-Pleiotropy RESidual
Sum and Outlier) method to identify potential outliers and
recalculate causal estimates after excluding these outliers.*
We conducted a “leave-one-out” sensitivity analysis to
evaluate the influence of each individual SNP on the overall
estimate. Owing to differences in different analysis plat-
forms, experimental conditions, enrollment populations,
and SNPs, there may be some heterogeneity in the MR
analyses, which can bias the estimation of causal effects;
therefore to increase the reliability of the findings, the de-
gree of heterogeneity in the individual effects produced
by each mutation was assessed via Cochran’s Q test.>*
Heterogeneity among the selected SNPs was assessed via
the Cochran Q statistic, considering a P value of <0.05 as
indicative of significant heterogeneity. If there is heterogen-
eity, we can use a random-effects [IVW model, and if there is
no heterogeneity, we can use a fixed-effects IVM model,
which does not affect the results of the [IVW method despite
some heterogeneity.?' The results are presented as odds ra-
tios (ORs) with corresponding 95% confidence intervals
(CIs).*® Some SNPs, in addition to their association with
specific exposure factors influencing outcomes, may also
influence outcomes directly or indirectly through other bio-
logical pathways, which has important implications for our
causal inferences.*®

Ideally, we would like all SNPs to influence the occur-
rence of the outcome variable through exposure factors
only; however, if horizontal pleiotropy exists, those
SNPs may influence the occurrence of the outcome vari-
able through influencing exposure factors, which may
lead us to overestimate or underestimate the true effect
of exposure factors on the outcome variable; therefore,
we applied the MR-PLEIOTROPY, MR-PRESSO regres-
sion test to monitor potential horizontal pleiotropic ef-
fects.’” We applied MR-RAPS to account for potential
weak instrument bias and unbalanced horizontal plei-
otropy, which is particularly critical in small-sample scen-
arios.>® All the statistical analyses were conducted via
the “TwoSampleMR (version 0.4.26)” package in R
(R version 4.3.3).
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Exposure Outcome Method SNPs OR (95% CI) P.value
HF DCM MR Egger 27 3.09 (0.89, 10.73) S 0.088
Weighted median 27 2.31(1.08, 4.94) —_— 0.030

IVW 27 3.22(1.92,541) — — <0.001

MR-RAPS 27 3.37 (2.08 , 5.45) — <0.001

AF DCM MR Egger 28 1.27 (0.99, 1.64) -.— 0.069
Weighted median 28 1.37 (1.15, 1.64) - <0.001

IVW 28 1.33(1.18, 1.50) - <0.001

MR-RAPS 28 1.33(1.18, 1.51) - <0.001

CHD DCM MR Egger 59 0.69 (0.38, 1.23) —=—1— 0.213
Weighted median 59 0.97 (0.72, 1.31) —— 0.845

IVW 59 0.98 (0.77 , 1.25) = = 0.879

MR-RAPS 59 0.98 (0.81, 1.20) - 0.876

HTN DCM MR Egger 159  1.55(0.90, 2.67) T 0.118
Weighted median 159 1.36 (1.05, 1.77) —— 0.021

VW 159 1.50(1.25, 1.81) - <0.001

MR-RAPS 159  1.50(1.26,1.78) - <0.001

1S DCM MR Egger 20 4.98(0.47,52.86) & 0.199
Weighted median 20 0.88 (0.46,1.65) ——— 0.682

IVW 20 0.95 (0.56 , 1.59) — 0.836

MR-RAPS 20 0.95 (0.61, 1.47) —a— 0.802

PE DCM MR Egger 10 1.40 (0.77 , 2.53) = 0.306
Weighted median 10 0.96 (0.75, 1.23) —- 0.753

IVW 10 0.97 (0.80, 1.17) - 0.736

MR-RAPS 10 0.97 (0.80, 1.17) - 0.738

04 1 27 74 201

Figure |. The associations between genetically predicted cardiovascular disease (CVD) subtypes and the risk of developing dilated

cardiomyopathy (DCM).

Results

Heart Failure

Genetic predisposition to HF was significantly linked to an
increased likelihood of developing DCM (OR: 3.22; 95%
CIL: 1.92-5.41; P<0.001; power=100%) (Figure 1), and
the results remained statistically significant after correction
for FDR (P<0.001). Q statistics indicated heterogeneity
among the different SNPs, and the MR-Egger regression
intercept for the sensitivity analysis (p value: 0.941) sug-
gested that there was no horizontal pleiotropy. Using
MR-PRESSO analysis, we identified three outlier SNPs
(rs28579893, rs56094641 and rs55730499) that are asso-
ciated with cardiomyopathy. Rs56094641, located in the
FTO gene, is implicated in cardiomyopathy through its po-
tential impact on metabolic pathways and obesity-related
mechanisms, while rs55730499 is linked to atherosclerosis
risk via its regulation of the LPA gene. Moreover,
1528579893, located in the HSPB7 gene, has been asso-
ciated with cardiomyopathies due to its role in protein fold-
ing and cellular stress response pathways, which are crucial
for maintaining normal heart function. Additionally,
MR-RAPS analysis further supported the causal link,

showing an increased risk of DCM (OR: 3.37; 95% CIL:
2.08-5.45; P<0.001), with no evidence of significant bias.

A genetic predisposition to HF was inversely associated
with the risk of developing HCM (OR: 0.32; 95% CI:
0.12-0.82; P=0.018; power=100%) (Figure 2). In the
MR-RAPS analysis, the obtained results (OR: 0.30, 95%
CI: 0.14-0.68; P=0.004) furnished evidence supporting
a causal association between HF and HCM. However,
this association was not significant after FDR correction
(p=0.088). In this study, initial results and MR-RAPS
analysis indicated an inverse causal link between the gen-
etic predisposition to HF and the risk of developing HCM.
However, after FDR correction, the significance disap-
peared. Sensitivity analysis indicated no multidirectional-
ity or horizontal pleiotropy. Overall, while the initial
findings were promising, the results after FDR correction
call for prudent interpretation. More research is needed
to confirm the relationship between HF and HCM.

Atrial Fibrillation

There was a positive association between genetically pre-
dicted AF and the risk of developing DCM (OR: 1.33;



Tang et al. 5
Exposure Outcome Method SNPs OR (95% Cl) P.value
HF HCM MR Egger 32 0.14(0.01,1.50) —————4— 0.116

Weighted median 32 0.34 (0.10, 1.13) — 0.078
VW 32 0.32 (0.12, 0.82) — — 0.018
MR-RAPS 32 0.30 (0.14, 0.68) — 0.004
AF HCM MR Egger 31 0.87 (0.53 , 1.41) = 0.569
Weighted median 31 0.86 (0.61, 1.21) - 0.392
VW 31 0.95(0.76 , 1.18) -+ 0.636
MR-RAPS 31 0.95 (0.76 , 1.19) -+ 0.638
CHD HCM MR Egger 59 0.69 (0.28 , 1.72) — 0.428
Weighted median 59 1.21(0.71,2.08) —f— 0.484
VW 59 1.20 (0.81,1.77) B 0.369
MR-RAPS 59 1.22(0.87,1.72) = 0.256
HTN HCM MR Egger 179 1.31(0.52, 3.25) —— 0.567
Weighted median 179  1.24 (0.77, 1.98) S 0.375
VW 179  1.41(1.03,1.92) il 0.029
MR-RAPS 179  1.36(1.00, 1.85) - 0.049
1S HCM MR Egger 21 0.68 (0.01, 45.63) 0.858
Weighted median 21 0.94 (0.30, 2.94) — 0.919
VW 21 1.27 (0.54 , 3.01) —— 0.587
MR-RAPS 21 1.28 (0.57 , 2.86) —t— 0.550
PE HCM MR Egger 1 0.68 (0.21, 2.17) — T 0.530
Weighted median 1 0.98 (0.62 , 1.56) —— 0.937
VW 1 0.99 (0.69, 1.41) - 0.944
MR-RAPS 1 0.99 (0.69, 1.41) —+ 0.944
0?1 1l 7?4

Figure 2. The associations between genetically predicted cardiovascular disease (CVD) subtypes and the risk of developing

hypertrophic cardiomyopathy (HCM).

95% CI: 1.18-1.50; P<0.001; power =100%) (Figure 1),
and the correlation was statistically significant after correc-
tion for FDR (p<0.001). The Q statistics revealed hetero-
geneity among the various SNPs, whereas the MR-Egger
regression intercept from the sensitivity analysis (p value:
0.704) indicated no presence of horizontal pleiotropy. In
addition, MR-RAPS analysis yielded consistent results,
with a positive association between genetically predicted
AF and the risk of DCM. The result (OR: 1.33; 95% CI:
1.18-1.51; P<0.001) further confirmed the causal relation-
ship between AF and the increased risk of DCM.

IVW (OR: 0.95; 95% CI: 0.76-1.18; P=0.636),
weighted median, and MR-Egger analyses revealed no
significant associations between genetically predicted AF
and the risk of developing HCM (Figure 2). These results
remained non-significant after correction for the false dis-
covery rate (FDR) (p>0.05). The MR-RAPS analysis also
showed no significant association with HCM (OR: 0.95;
95% CI: 0.76-1.19; P=0.638).

Coronary Heart Disease

IVW (OR: 0.98; 95% CI: 0.77-1.25; P=0.879), weighted
median, and MR—-Egger analyses revealed no substantial
associations between a genetic predisposition to CHD
and the risk of developing DCM (Figure 1 and
Figure 2). The Q statistic revealed heterogeneity among
the SNPs, and the MR-Egger intercept indicated no

multidirectionality (p value: 0.193), suggesting the ab-
sence of horizontal pleiotropy. The MR-RAPS analysis
supported these findings (OR: 0.98, 95% CI: 0.81-1.20;
P=0.876), confirming no significant causal link between
CHD and DCM.

No associations were found between genetically pre-
dicted CHD (OR: 1.20; 95% CI: 0.81-1.77; P=0.369)
and the risk of developing HCM, with the weighted me-
dian method and MR—Egger producing consistent results.
The MR-RAPS analysis further supported these findings
(OR: 1.22; 95% CI. 0.87-1.72; P=0.256). However,
none of these results were statistically significant after
FDR correction (p>0.05). These results suggest that gen-
etic predisposition to CHD does not increase the risk of
DCM and HCM.

Hypertension

Genetic predisposition to HTN (OR: 1.50; 95% CI:
1.25-1.81; P<0.001; power = 100%) was positively corre-
lated with the risk of developing DCM, with the weighted
median and MR-Egger methods providing consistent esti-
mates (Figure 1), and the correlation was statistically signifi-
cant after correction for FDR (p <0.001). MR-PRESSO did
not detect any significant outliers, indicating robust results
against potential pleiotropic bias. Furthermore, MR-RAPS
provided additional validation (OR: 1.50, 95% CIL:
1.26-1.78, P<0.001). These findings align with the primary
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results, further supporting evidence of a protective genetic
association between HTN and the risk of developing DCM.

Genetic predisposition to HTN was positively asso-
ciated with the risk of developing HCM (OR: 1.41; 95%
CL: 1.03-1.92; P=0.029; power=100%) (Figure 2),
with no outliers detected and no evidence of heterogeneity
or pleiotropy. However, this association was not signifi-
cant after FDR correction (P =0.088). MR-RAPS results
were consistent (OR: 1.36; 95% CI: 1.00-1.85; P =0.049).
Overall, the initial results indicate a positive link between
the genetic predisposition to HTN and the risk of HCM,
as supported by MR - RAPS. Nevertheless, after FDR cor-
rection, the significance disappeared, suggesting that the ini-
tial finding may be false. Therefore, further research
involving larger samples or new methods is needed to con-
firm a causal link.

Ischemic Stroke and Pulmonary Embolism

Genetically predicted IS was not associated with the risk
of developing DCM (OR: 0.95; 95% CI: 0.56-1.59;
P=0.836) or HCM (OR: 1.27; 95% CIL:. 0.54-3.01;
P=0.587) (Figure 1 and Figure 2). There was no signifi-
cant correlation between genetic susceptibility to PE
and the risk of developing DCM (OR: 0.97; 95% CI.
0.80-1.17; P=0.736) or HCM (OR: 0.99; 95% CI
0.69-1.41; P=0.944) (Figure 1 and Figure 2). The
MR-RAPS analysis for DCM showed no significant asso-
ciation (OR: 0.97;95% CI: 0.80-1.17; P =0.738). Similarly,
no significant relationship was found for HCM (OR: 0.99;
95% CI: 0.69-1.41; P=0.944). The weighted median and
MR-Egger methods yielded consistent estimates, and no
significant differences were observed in any of the sensitiv-
ity analyses. However, none of the above correlations were
statistically significant after correction for FDR (p>0.05).

Discussion

In this study, we systematically assessed the associations
between CVD subtypes and DCM and HCM via MR
methods via publicly available large-scale GWAS data-
sets. Using publicly available large-scale GWAS datasets
generated via MR methods, we found that, to some extent,
genetic susceptibility to HF, AF, and HTN was associated
with the genetic likelihood of developing DCM.
Cardiomyopathies are characterized by genetic and al-
lelic diversity, and often, individual genetic variants, in
isolation, are not sufficient to cause the disease phenotype,
and their effects are influenced by both genetic and nonge-
netic factors, which may include common variants and
variants with moderate effects.>® Some patients have a
more complex etiology of the disease, requiring the influ-
ence of multiple non-Mendelian genetic and nongenetic
factors to reach the threshold of the disease, and in addition
to significant genetic inheritance, this trend is driven by the

aging of the population and the increase in cardiovascular
risk factors. Based on morphological and functional fea-
tures, cardiomyopathies can be categorized into five
main types: HCM, DCM, nondilated left ventricular car-
diomyopathy, arrhythmogenic right ventricular cardiomy-
opathy, and restrictive cardiomyopathy.*® The etiology,
clinical manifestations, pathophysiology, genetic variants,
and types of gene mutations are different for different
types of cardiomyopathies.

According to epidemiological data, dilated cardiomy-
opathy and hypertrophic cardiomyopathy are the most
common cardiomyopathies, and etiologic diagnosis and
treatment are critical for symptom relief.*' Therefore,
this study focused on analyzing the causal relationships
between cardiovascular disease subtypes and dilated car-
diomyopathy and hypertrophic cardiomyopathy, which
are two common types of cardiomyopathy, to provide
evidence-based medicine to optimize the cardiovascular
assessment and management of patients with dilated car-
diomyopathy and hypertrophic cardiomyopathy.

Cardiomyopathies are complex and diverse disease phe-
notypes with a wide range of etiologies, pathophysiologies,
and clinical processes and are often considered hereditary in
nature.*? This complexity is reflected in the genetic architec-
ture of cardiomyopathies, which include not only those
caused by a single disease-causing mutation but also com-
plex traits where susceptibility to environmental triggers
is quantitatively influenced by multiple genetic or epigen-
etic loci with low-exponential effects.”**** Inadequate un-
derstanding of the underlying mechanisms and risk factors
for the development and progression of cardiomyopathies
has hampered the development of effective medical therap-
ies for primary and secondary prevention, and the term “car-
diomyopathy,” which is traditionally used to describe only
primary diseases of the myocardium, is now also used to de-
scribe cardiac dysfunctions associated with concomitant
cardiac diseases, including vascular, valvular, inflamma-
tory, and other processes.*> From a pathological point of
view, heart failure begins with myocardial injury that leads
to pathological remodeling, resulting in left ventricular en-
largement and/or hypertrophy.*® Initially, compensatory
mechanisms dominated by the renin—angiotensin—aldoster-
one system (RAAS), antidiuretic hormone activation, and
sympathetic excitation are still able to maintain normal car-
diac output through sodium retention, peripheral vasocon-
striction, and augmented myocardial contraction, but these
neuromuscular mechanisms eventually lead to direct cyto-
toxicity, causing myocardial fibrosis, arrhythmias, and
pump failure.*’

DCM and HCM are two different types of cardiomyop-
athy, each with different pathophysiologic characteristics.
DCM is characterized mainly by enlargement of the car-
diac chambers, thinning of the ventricular wall, and fibrous
scar formation, and accompanied by attached wall thrombi.”
Valves and coronary arteries are mostly unchanged, and the
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histology is a mixture of nonspecific cardiomyocyte hyper-
trophy, degeneration, and especially different degrees of fi-
brosis and other lesions.*® DCM has a slow onset, with no
obvious clinical symptoms in the early stage, and at the time
of diagnosis, symptoms and signs of congestive heart fail-
ure, such as shortness of breath, telangiectasia, edema,
can occur in some patients with embolism and sudden
death.*” A wide range of abnormal ECGs are also seen,
such as atrial fibrillation, and many abnormal electrocardio-
grams, such as atrial fibrillation, conduction block and other
arrhythmias, are also observed.''~°

However, HCM is characterized mainly by ventricular
hypertrophy, the main changes in the myocardium, espe-
cially the left ventricular morphology, which is character-
ized by unequal septal thickening but also by myocardial
homogeneous hypertrophy or apical hypertrophy, and the
histological characteristics of cardiomyocyte hypertrophy,
with different morphologies and disordered arrangements,
especially the left ventricular septal part of the change, are
obvious.”! Some patients with HCM have no self-
awareness of symptoms, and many have palpitations, chest
pain, exertional dyspnea, dizziness and even loss of con-
sciousness. Some patients with HCM may have no con-
scious symptoms, and many have palpitations, chest pain,
and exertional dyspnea.”> When accompanied by outflow
tract obstruction, some patients may experience dizziness
or even loss of consciousness due to insufficient diastolic
filling of the left ventricle and a decrease in cardiac output.>

Regarding the relationship between genetically pre-
dicted CVD subtypes and the risk of developing cardiomy-
opathy, numerous studies have consistently shown that
cardiomyopathy causes systolic and/or diastolic dysfunc-
tion, which impairs the ability of the heart to pump effi-
ciently and ultimately leads to HF.’**> In our cohort
study, we found that HF is the most common clinical
manifestation of cardiomyopathy.>®>” Changes in myocar-
dial structure and fibrosis in the heart muscle can disrupt
the electrical conduction system, increasing the risk of
AF. A global meta-analysis on the prevalence of AF in car-
diomyopathy patients estimated that 24% of those with
DCM and 19% of those with HCM had AF.>® In a retro-
spective real-world study conducted in the United States
from 2002 to 2020, data from 634,885 patients with car-
diomyopathy revealed that 14,675 cases (2.3%) of DCM
and 37,685 cases (5.9%) of HCM were associated with
AF status.’® Patients with cardiomyopathy are susceptible
to blood stasis, particularly in the left ventricle and left at-
rium, due to enlarged chambers and cardiac insufficiency.
This stagnant blood flow increases the risk of thrombosis,
which can dislodge and cause embolic events such as
stroke, PE, and peripheral arterial embolization.®® Our
study demonstrated that genetic susceptibility to heart failure
and atrial fibrillation is associated with the genetic likelihood
of developing DCM. Hypertension causes myocardial
hypertrophy to be mostly symmetrical, and the heart can

withstand high blood pressure for a long period, resulting
in a gradual increase in the left ventricle load. The left ven-
tricle, owing to compensation and gradual hypertrophy
and dilatation of the ventricular wall, often results in
more homogeneous thickening of the whole ventricular
wall.®! Thickening of the myocardial echogenicity does
not lead to obvious changes, and generally does not cause
left ventricular outflow tract obstruction.®> In HCM, left
ventricular hypertrophy is more pronounced, mostly asym-
metric, with marked septal hypertrophy, possible obstruc-
tion, and increased myocardial echogenic intensity at the
lesion site, which is grossly glassy or coarse speckled.®
In our study, we also confirmed that genetic susceptibility
to hypertension was not associated with genetic suscepti-
bility to HCM but was associated with genetic susceptibil-
ity to DCM. Coronary artery stenosis or occlusion results in
myocardial ischemia, and repeated episodes of ischemia
cause myocardial cell death and fibrosis, leading to thinning
of the ventricular walls and enlargement of the heart cham-
bers.®® Patients with CHD may have reduced myocardial
motion at the ischemic site, which manifests as segmental
decreased motion, whereas dilated cardiomyopathy is char-
acterized by generalized diffuse myocardial decreased mo-
tion, thinning of the ventricular septum, and reduced
motion amplitude of the left ventricular posterior wall.®*
Additionally, in our study, there was no association be-
tween genetic predisposition to and genetic predisposition
to cardiomyopathy.

Using MR analysis, our findings offer genetic evidence
underscoring the necessity for increased support and atten-
tion not only in terms of prognosis and treatment but also in
the prevention of cardiomyopathy within this population.
However, our study has several limitations. When genetic
variation is weakly associated with exposure, this can lead
to biased estimates from MR models, called weak instru-
mental variable bias.®® In MR models, the F statistic is often
used to evaluate the strength of instrumental variables. To
ensure that the instrumental variables in the model have suf-
ficient strength, existing MR models usually use the
genome-wide significance level (P<5x 10-8) as a thresh-
old to screen the instrumental variables to avoid potential
weak instrumental variable bias.** In addition, when the
average strength of instrumental variables in MR models
is weak, some improved MR models, such as [IVW based
on modified weights and Egger’s test, can be applied to cor-
rect for potential weak instrumental variable bias.*®

In practical research, we can identify polyvalent instru-
mental variables via visualization methods such as scatter
plots and funnel plots combined with statistical tests.
Commonly used tests include the Q-statistic test, MR—
PRESSO test and heterogeneity test. After the polytomous
instrumental variables are identified and eliminated, the Q
statistic test, PRESSO test, MR—Egger intercept term test,
etc, can be used to evaluate the polytomousness of the re-
maining instrumental variables.®” If there is no
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heterogeneity in the proportion estimates corresponding to
the remaining instrumental variables, it suggests that there
are no multinomial instrumental variables, and then the
MR model constructed based on the assumption that no
multinomial instrumental variables can be applied to esti-
mate the effects.®? The causal effects can also be estimated
directly via MR models to correct for polytomous bias, and
methods based on pooled data include MR-Egger and
median-based estimation.?’

The exposure variance explained by genetic variance is
only a part of the total exposure variance, so genetic vari-
ance is used as an instrumental variable for exposure to es-
timate its causal effect on the outcome.® The effect value
obtained is only the effect of this part of the exposure vari-
ance on the outcome determined by the instrumental vari-
ance. MR modeling can provide statistical clues as to
whether there is a causal association between the exposure
and the outcome and provide a theoretical basis for the
subsequent more definitive experimental.®” The MR
model can provide statistical clues to the causal association
between exposure and outcome and provide a theoretical
basis for subsequent more definitive experimental studies
and mechanism exploration, but no single research method
can completely clarify the causal relationship.”® However,
no single research method can completely clarify the cau-
sal relationship, and the real causal relationship should be
explored by combining the biological mechanism of the
disease, the results of comprehensive experimental and
clinical studies, and other evidence.®®

Although our genetic data were sourced from large
GWASs with diverse samples, enhancing statistical power
to detect small effects in complex phenotypes, our findings
exhibited partial heterogeneity. In MR analyses, results
from other methods (MR Egger, weighted median, simple
mode, and weighted mode) were not entirely consistent
with those from the IVW method. This heterogeneity may
arise from potential nonlinear relationships or stratification
effects due to variations in health status, age, or sex.
However, the majority of estimates align with the sensitivity
analysis, supporting the reliability of our findings and sug-
gesting they are not due to chance. We also considered the
challenges posed by small sample sizes, particularly in the
HCM and DCM datasets, which are prone to statistical in-
stability and type Il errors. To address this, we applied
MR-RAPS analysis, F-statistics, and leave-one-out sensitiv-
ity analyses to enhance statistical robustness. Future research
will focus on optimizing these methods to minimize bias and
uncertainty associated with small sample sizes. While this
study provides robust evidence for the causal relationships
between CVD subtypes and cardiomyopathy, its findings
are primarily applicable to European populations. Genetic,
environmental, and healthcare differences across popula-
tions may limit the generalizability of these results. Future
research should replicate these analyses in diverse popula-
tions to evaluate the broader applicability of these findings.

Conclusion

This MR study demonstrated that genetically predicted
genetic susceptibility to HF, AF, and HTN was associated
with the genetic likelihood of developing DCM, whereas
genetic susceptibility to these CVD subtypes was not asso-
ciated with HCM. In addition to the known etiologic fac-
tors, the impact of the CVD subtypes included in this study
on the risk of developing DCM reflects their potential use-
fulness for the development of therapeutic strategies and
warrants further investigation in future larger MR
analyses.
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