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Causal association between body mass index and dilated 
cardiomyopathy: a Mendelian randomization study

Gang Fan1*, Lin Lin2, Chao Xu3*

Dilated cardiomyopathy (DCM) accounts for up to 40% of patients 
enrolled in clinical trials for heart failure with reduced ejection fraction, 
those hospitalized for heart failure, or those requiring heart transplanta-
tion [1]. To date, patients with DCM have been treated mainly with an-
giotensin converting enzyme inhibitors or angiotensin receptor blockers, 
β-blockers, mineralocorticoid receptor antagonists and SGLT2 inhibitors 
[2–5]. However, the pathogenesis of DCM is not fully understood and 
the morbidity rate remains high. Therefore, it is urgent to explore and 
investigate other mechanisms to provide a basis for precise prevention 
and treatment of DCM.

The global increase in body weight coincides with the increase in the 
number of people diagnosed with cardiomyopathies [6]. However, there 
is limited research on the correlation between body mass index (BMI) 
and cardiomyopathy. Wojciechowska et al. found that non-ischemic DCM 
patients with adverse outcomes had lower BMI values [7]. By contrast, 
another observational study found that BMI > 22.66 kg/m2 was strongly 
correlated with the recovered ejection fraction of DCM patients [8]. 

Mendelian randomization (MR) is a new statistical method that esti-
mates the causal effect of modifiable exposures on outcomes through 
instrumental variables (IVs) [9]. Nevertheless, so far no relevant research 
has applied MR analysis to clarify the causal relationship between BMI 
and DCM. Therefore, to the best of our knowledge, we have conducted 
the first two-sample MR analysis to explore the potential causal relation-
ship between BMI and DCM. 

Methods. Study design. A two-sample MR analysis was conducted to 
assess the causal impact of BMI on DCM using SNPs as IVs. The pro-
cess involved retrieving GWAS data, screening SNPs, and performing MR. 
In order to optimize the accuracy of the results, three key assumptions 
must be in place during the procedure. Assumption 1 is that genetic in-
strument variants are significantly associated with BMI. Assumption 2 
is that the variants in the genetic instrument are clearly unrelated to 
the confounders. Assumption 3 is that genetic instrument variants have 
a strong effect on the risk of DCM via the BMI and not via other process-
es (Figure 1 A). 

Data sources. To obtain summary data from published GWAS data on 
BMI and DCM, the IEU Open GWAS Project (https://gwas.mrcieu.ac.uk/) 
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Figure 1. A – Design flow chart for the MR study. MR assumptions: assumptions 1, 2 and 3. Assumption 1 suggests 
that genetic variants correlated with BMI and affect the risk of DCM through the BMI. Assumption 2 and 3 genetic 
variants are not related with any confounders and do not influence the DCM through other ways. B – MR results 
between BMI and DCM. IVW: inverse-variance weighted. C – Scatter plots and causal estimates from three differ-
ent methods. D – Funnel plots of the association of BMI and DCM

was explored. The participants were exclusively of 
European descent, which avoided the possibility 
of pleiotropic bias in cases from different ances-
tries [10], and the sample sizes for BMI and DCM 
were 461460 and 355381, respectively (Table I).

IV selection. In order to determine the IVs, we 
followed a two-step method. Firstly, we retrieved 
SNPs that are strongly related to BMI (p < 5 × 
10–8). Secondly, we exclusively kept the indepen-
dent SNPs, according to the linkage disequilibrium 
(LD) (kb = 10,000, r2 < 0.001) structure of the Eu-
ropean population. The robustness of the IVs was 
assessed by calculation of the F-statistic, with 
a defined threshold of F > 10 for discrimination of 
strong IVs. IVs with an F-statistic < 10 were con-

sidered to be “weak” and were excluded from the 
MR analysis. To guarantee that the impact of SNP 
on the exposure and outcome matched the same 
allele, data were harmonized. 

Statistical analysis. The present study used the 
inverse-variance weighted (IVW) method for the 
primary analysis. Additionally, the MR-Egger and 
weighted median were used as supplementary 
methods [11]. Sensitivity analyses were conduct-
ed to assess the reliability of the MR estimates. 
Heterogeneity was examined by Cochran’s Q test. 
The intercept in the MR-Egger method is a useful 
indicator of whether directional horizontal pleiot-
ropy affects the outcomes of MR analysis. A p-val-
ue of less than 0.05 for the intercept indicates the 
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presence of directional pleiotropy in the genetic 
variants. A leave-one-out sensitivity analysis was 
also performed to calculate the MR result of the 
remaining SNPs after removing the SNPs one by 
one [12]. The TwoSampleMR and MR-PRESSO 
packages in R software (version 4.2.1) were em-
ployed for all statistical analyses. Values of P<0.05 
were considered statistically significant. 

Results. BMI related IV selection. According to 
our pre-defined filter conditions, 419 effective and 
independent BMI-linked SNPs were extracted as 
the potential IVs. Among all the selected SNPs, 
F-statistic values were greater than 10.

Statistical analysis. The causal relationship be-
tween BMI and DCM was found to be statistically 
significant in the univariable MR analysis [OR]IVW = 
1.56, 95% CI: 1.26–1.92; p < 0.001). [OR] weight-
ed median = 1.44, 95% CI: 1.03–2.01; p = 0.04), 
while findings from MR-Egger analysis indicated 
a consistent but nonsignificant direction (Figures 
1 B, C). 

Sensitivity analysis. The IVs selected for BMI 
showed no evidence of heterogeneity (MR-Egger Q 
statistics = 304.11, Q_df = 395, Q_pval = 0.99976; 
IVW Q statistics = 306.64, Q_df = 396, Q_pval = 
0.99969). Moreover, MR-PRESSO detected no out-
lier SNPs in our sample, and the funnel plot was 
symmetric (Figure 1 D). No significant differenc-
es in the estimated causal effects were observed 
when removing individual SNPs and repeating the 
MR analysis in the leave-one-out analysis test.

Discussion. This study employed a two-sample 
MR approach to thoroughly examine the caus-
al impact of BMI on the incidence of DCM. Our 
results support the positive association between 
genetically determined BMI and increased risk of 
DCM. 

BMI is a  widely used indicator that calculates 
how much a  person weighs in relation to their 
height [13]. BMI data can be used by public health 
officials to develop specific strategies to tackle 
health problems associated with obesity, such as 
cardiovascular disease, type 2 diabetes and other 
health issues [14]. A cohort study concluded that 
the lowest risk of being diagnosed with cardiomy-
opathy was at a BMI of 21 kg/m2. The risk gradually 
increased with higher BMI, particularly for DCM. Se-
verely obese subjects (BMI ≥ 35 kg/m2) had a haz-
ard ratio of 4.71 (95% CI: 2.81–7.89) compared to 
those with a BMI of 20 to < 22.5 kg/m2 [15]. 

The mortality rate of DCM remains high, and 
its pathogenesis is still unclear. The possible 

mechanisms of BMI and obesity in DCM have not 
been extensively studied. A recent bioinformatics 
analysis study revealed that obesity disrupts the 
immune microenvironment, promotes oxidative 
stress and increases myocardial fibrosis, resulting 
in ventricular remodeling and an increased risk 
of DCM [16]. A  study from the UK also suggest-
ed that DCM patients with a  higher BMI show 
reduced efficiency of energy use. Dietary weight 
loss is associated with a significant improvement 
in myocardial contractility and a decrease in ATP 
delivery, suggesting improved metabolic efficiency 
[17]. The above studies illustrate the correlation 
between BMI and DCM. Basic research suggests 
that BMI may lead to DCM through some signal-
ing pathways, but there has been no research on 
the causal relationship between BMI and DCM, 
which was investigated for the first time in the 
present study using the MR method.

In general, DCM currently lacks specific and ef-
fective treatments, and its pathogenesis remains 
unclear. Previous studies have suggested that 
obesity may contribute to the development of 
DCM, but the conclusions are inconsistent. BMI is 
a simple and convenient indicator of obesity, but 
there is a lack of research on the causal relation-
ship between BMI and DCM. We performed the 
first two-sample MR analysis to investigate the 
potential causal relationship between BMI and 
DCM. 

In conclusion, This study is the first to suggest 
a positive association between BMI and increased 
DCM risk, using a  two-sample MR analysis. Our 
findings stress the significance of paying more 
attention to individuals with obesity to prevent 
potential DCM risk. Moreover, future studies are 
needed to explore the underlying mechanism me-
diating the causal effect of BMI on DCM. 
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Table I. Detailed information on the included GWAS data

Traits GWAS ID Data source Sample size Year

Body mass index Ukb-b-19953 Ben Elsworth et al. 461,460 2018

Dilated cardiomyopathy ebi-a-GCST90018834 Sakaue S et al. 355,381 2021



Gang Fan, Lin Lin, Chao Xu

4 Arch Med Sci

R e f e r e n c e s
1. Argiro A, Ho C, Day SM, et al. Sex-related differences in 

genetic cardiomyopathies. J Am Heart Assoc 2022; 11: 
e024947. 

2. Packer M, Coats AJ, Fowler MB, et al.; Carvedilol Prospec-
tive Randomized Cumulative Survival Study G. Effect of 
carvedilol on survival in severe chronic heart failure.  
N Engl J Med 2001; 344: 1651-8. 

3. Zannad F, McMurray JJ, Krum H, et al.; Group E-HS. Epler-
enone in patients with systolic heart failure and mild 
symptoms. N Engl J Med 2011; 364: 11-21. 

4. McMurray JJV, Solomon SD, Inzucchi SE, et al.; Commit-
tees D-HT, Investigators. Dapagliflozin in patients with 
heart failure and reduced ejection fraction. N Engl J Med 
2019; 381: 1995-2008. 

5. Packer M, Anker SD, Butler J, et al.; Investigators EM-RT. 
Cardiovascular and renal outcomes with empagliflozin 
in heart failure. N Engl J Med 2020; 383: 1413-24. 

6. Collaboration NCDRF. Worldwide trends in body-mass 
index, underweight, overweight, and obesity from 1975 
to 2016: a  pooled analysis of 2416 population-based 
measurement studies in 128.9 million children, adoles-
cents, and adults. Lancet 2017; 390: 2627-42. 

7. Wojciechowska C, Jachec W, Romuk E, Nowalany-Koziel-
ska E, Tomasik A, Sieminska L. The effect of BMI, serum 
leptin, and adiponectin levels on prognosis in patients 
with non-ischaemic dilated cardiomyopathy. Endokry-
nol Pol 2017; 68: 26-34. 

8. Ye LF, Li XL, Wang SM, Wang YF, Zheng YR, Wang LH. 
Body mass index: an effective predictor of ejection frac-
tion improvement in heart failure. Front Cardiovasc Med 
2021; 8: 586240. 

9. Weith M, Beyer A. The next step in Mendelian random-
ization. Elife 2023; 12: e86416.

10. Bowden J, Holmes MV. Meta-analysis and Mendelian 
randomization: a review. Res Synth Methods 2019; 10: 
486-96. 

11. Long Y, Tang L, Zhou Y, Zhao S, Zhu H. Causal relation-
ship between gut microbiota and cancers: a two-sam-
ple Mendelian randomisation study. BMC Med 2023; 
21: 66. 

12. Xu YS, Liao RY, Huang D, Wang D, Zhang L, Li YZ. Ev-
idence from Mendelian randomization: increased risk 
of miscarriage in patients with asthma. Eur Rev Med 
Pharmacol Sci 2023; 27: 11587-96. 

13. Bray GA. Beyond BMI. Nutrients 2023; 15: 2254.
14. Clark DO, Mungai SM. Distribution and association of 

chronic disease and mobility difficulty across four body 
mass index categories of African-American women. Am 
J Epidemiol 1997; 145: 865-75. 

15. Robertson J, Lindgren M, Schaufelberger M, et al. Body 
mass index in young women and risk of cardiomyopa-
thy: a long-term follow-up study in Sweden. Circulation 
2020; 141: 520-9. 

16. Wang X, Liu W, Li H, Ding J, Feng Y, Chen Z. Exploring 
the role of obesity in dilated cardiomyopathy based on 
bio-informatics analysis. J Cardiovasc Dev Dis 2022; 9: 
462.

17. Rayner JJ, Peterzan MA, Clarke WT, Rodgers CT, Neubau-
er S, Rider OJ. Obesity modifies the energetic phenotype 
of dilated cardiomyopathy. Eur Heart J 2021; 43: 868-77. 


