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Purpose: Cardiac troponin I (cTnl) is a well-established biomarker for stroke prediction, especially in patients with heart diseases.
However, the causal effect of circulating ¢Tnl on stroke remains unclear.

Methods: We employed Mendelian Randomization (MR) analysis to determine the associations between genetically predicted
circulating cTnl levels and stroke and its subtypes. Summary-level data for exposure and outcomes were generated from different
genome-wide association studies. Single-nucleotide polymorphisms (SNPs) associated with circulating c¢Tnl at genome-wide sig-
nificance level (P <5 x 10~®) were employed as instrumental variables (IVs). We used fixed-effect inverse-variance weighted (IVW) as
the main method for pooling MR estimates. Sensitivity analyses and multivariable MR analyses were carried out to assess the
robustness of the results.

Results: Using the fixed-effects IVW method, we found that genetically elevated plasma cTnl levels may have a causal effect on the
risk of cardioembolic stroke (CES) (odds ratio (OR), 1.58; 95% confidence interval (CI), 1.17-2.13; P = 0.003). Additional analyses
including multiplicative random-effects (mre) IVW, weighted median, MR-Egger and MR-PRESSO yielded similar results, but with
broader ClIs that span 1.0. The total effect of cTnl on CES was attenuated by adjusting for the effect of atrial fibrillation (OR,1.26; 95%
CI, 0.76-2.11; P =0.371) and smoking (OR,1.53; 95% CI, 0.87-2.66; P = 0.137). In addition, we found no causal effect of cTnl on the
risk of any stroke and other stroke subtypes, including any ischemic stroke, large artery stroke, cardioembolic stroke, small vessel
stroke, and intracerebral hemorrhage. These results were consistent across sensitivity analyses.

Conclusion: This study provides little evidence that increased serum cTnl levels lead to a higher risk of stroke.
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Introduction

Stroke remains one of the leading causes of death worldwide. About 1 in 4 people will suffer from a stroke from the age
of 25 onwards,' and the age-standardized death rate of stroke in 2016 reaches 86.5 per 100,000 people.” Atrial
fibrillation, obesity, smoking, etc., are well-recognized risk factors for stroke.*

Accumulating evidence from population-based studies has demonstrated that biomarkers reflecting myocardial injury
help improve risk stratification of stroke.® Cardiac troponin I (cTnl) is one of these biomarkers and has been intensively
investigated in the preclinical settings. It is a protein found in the cardiomyocytes and released into the bloodstream
following myocardial injury. Elevated circulating cTnl level has been associated with a high risk of ischemic stroke, with
hazard ratios ranging from 1.14 to 2.99 per 1-SD increase in ¢Tnl’ " in the general population. Furthermore, circulating cTnl
has also been included in the ABC (age, biomarkers, clinical history) stroke score for predicting stroke in patients with atrial
fibrillation.'® However, the causal association between ¢Tnl and stroke remains largely unclear, and such an assessment will
be very challenging due to the confounding or reverse causation bias inherent in the observational studies.

International Journal of General Medicine 2022:15 1575-1582 1575
Received: 3 December 2021 © 2022 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are avallahle at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creati /by-nc/3.0/). By accessing the work

Accepted: 27 January 2022
Published: 15 February 2022

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press lelted provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-1146-9790
http://orcid.org/0000-0002-3998-1999
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Chen et al Dove

Mendelian Randomization (MR) is a widely used method for assessing the causal effect of clinical exposures on
explicit outcomes.'! Genetic variants randomly assigned to offspring are employed as instrumental variables (IVs). Since
such I'Vs remain constant after conception and should be free from potential confounders, the MR approach overcomes
some limitations of traditional epidemiological studies.'>'® Hence, to explore the causal relationship between lifelong
elevated circulating cTnl and stroke risk, we carried out a two-sample MR analysis (the data for MR was extracted from
two independent datasets). Single nucleotide polymorphisms (SNPs) associated with cTnl levels were selected as IVs.

Materials and Methods

Study Design

An overview of this two-sample MR approach is displayed in Figure 1. Briefly, single nucleotide polymorphisms (SNPs)
were used as instrumental variables (IVs) to assess the causal association between cTnl and stroke. The following three
assumptions are recognized as the basis for this analysis: (1) IVs are robustly associated with the exposure; (2) IVs must
not be associated with potential confounders; (3) IVs should not directly affect the outcome other than through the
exposure.

Data Sources and SNP Selection
The information on all the summary statistics used in this MR analysis is shown in Supplementary Table 1. Ethical

approval and written informed consent of participants were obtained for all original studies included in the public
genome-wide association meta-analysis studies (GWASs) datasets.

Summary statistics for the stroke and ischemic stroke subtypes were extracted from a publicly available database
from the MEGASTROKE consortium, which included 40,585 cases and 406,111 controls of European ances‘rry.14 Here,
stroke is defined as a rapidly developing sign of focal (or global) disturbance of cerebral function lasting more than 24
hours or resulting in death, with no apparent cause other than a vascular origin.'* In this GWAS meta-analysis, strokes
were classified as any ischemic stroke (AIS; 34,217 cases and 406,111 controls), intracerebral hemorrhage (ICH), and
stroke of uncertain type. Based on the Trial of Org 10172 in Acute Stroke Treatment criteria, AIS was further divided

Confounders
AF, smoking, BMI

Instrumental variables (IVs)
SNPs associated with circulating cardiac
troponin I levels

Exposure Outcome
circulating cardiac troponin I AS, AIS, SVS, LAS, CES, ICH

Figure | Schematic diagram showing the assumptions of Mendelian randomization analysis.
Abbreviations: SNPs, single nucleotide polymorphisms; AS, any stroke; AlS, any ischemic stroke; LAS, large artery stroke; CES, cardioembolic stroke; SVS, small vessel
stroke; ICH, intracerebral hemorrhage; AF, atrial fibrillation; BMI, body mass index.
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into large artery stroke (LAS; 4,373 cases and 146,392 controls), cardioembolic stroke (CES; 7193 cases and 204,570
controls), and small vessel stroke (SVS; 5386 cases and 192,662 controls). In addition, summary-level data for ICH was
obtained from a GWAS released by the International Stroke Genetics Consortium, which incorporated 1545 cases and
1481 controls of European ances‘[ry.15

Genetic variants associated with circulating cTnl levels were derived from the hitherto largest GWAS meta-analysis

of 48,115 individuals.'® Twelve single-nucleotide polymorphisms (SNPs) with genome-wide significance (P <5 x 10°%)

N-2
1-R2>

where R? indicates the proportion of the variance of circulating ¢Tnl explained by the genetic instruments and N refers to
the sample size.'” We used the formula R?> = 2 x EAF x (1-EAF) x Beta” to calculate R? of each SNP.'"® Two SNPs
(rs7481951 and rs151313792) were excluded from this MR study since they were in linkage disequilibrium (LD) (r* <
0.001; region size, 10000kb) with other SNPs. Two SNPs (rs8024538 and rs9391746) were not available in the GWAS
datasets from the MEGASTROKE consortium and four SNPs (rs8024538, rs9391746, rs2731672, rs4283165) were
absent from the summary statistics for ICH; therefore, we found proxies using an online tool (http://snipa.helmholtz-

were collected. The F-statistics were estimated to identify any weak instrument bias using the formula F = R?

muenchen.de/snipa3/) to replace them if available (> > 0.8).

Statistical Analysis

We conducted a two-sample MR to assess the causal association between circulating cTnl and risk of stroke. SNPs were
harmonized across the data sources via the effect alleles to ensure that the estimates are directionally matched. Then, we
generated effect estimates using fixed-effect inverse variance-weighted (fe-IVW) meta-analysis. Complementary ana-
lyses were carried out using the weighted median,'® MR-Egger regression,?’ and MR-pleiotropy residual sum and outlier
(MR-PRESSO) methods.?' The weighted median method can provide valid estimates even when up to 50% of the
information in the analysis comes from invalid IVs."” The MR-Egger method provides more conservative causal
estimates in the presence of pleiotropic variants and is less likely to generate inflated test statistics.”” The MR-
PRESSO method was used to detect the presence of outliers that could bias the results.?!

A series of sensitivity analyses were performed to assess the robustness of the results. Quantitative heterogeneity
among the SNPs was assessed by calculating Cochran’s Q statistic and I>. Provided Cochran Q-derived P < 0.05 or I* >
25%, heterogeneity was considered to exist,>> and a random-effect IVW (mre-IVW) model would be adopted to avoid the
bias of weak IVs-exposure associations.”> Pleiotropy effects were assessed by MR-Egger analysis.>* To determine
whether a single SNP drove the causal relationship, we applied leave-one-out analyses in which we excluded one SNP

in turn and then re-evaluated the causal effect. The mRnd power calculator (available at http://cnsgenomics.com/shiny/
25

mRnd/) was employed to calculate statistical power.

In addition, multivariable MR (MVMR) was conducted to generate estimates independent of the effects of atrial
fibrillation, smoking, and body mass index (BMI). We used publicly available summary statistics for atrial fibrillation
from the Atrial Fibrillation Haplotype Reference Consortium for atrial fibrillation (n = 588,190),%° smoking from GWAS
& Sequencing Consortium of Alcohol and Nicotine (n=1,232,091),>” and BMI from the Genetic Investigation of
Anthropometric Traits (n = 322,154).%

A Bonferroni-corrected significance threshold of P < 0.083 (P < 0.05/6 outcomes) was set for all the statistical tests.
All analyses were conducted using R software (version 4.1.0) with R packages including TwoSampleMR,*’
MendelianRandomization,*® and MR-PRESSO.*!

Results
Details of SNPs for ¢Tnl were displayed in Supplementary Table 2. These instrumental variables were estimated to

account for 1.2% of the observed phenotypic variation of ¢Tnl. The F-statistics for all SNPs (ranging from 25.9 to
75.5) were greater than the recommended threshold of 10, suggesting no weak instrument bias in the present study.

The overall IVW meta-analysis suggested a causal effect of genetically predicted cTnl levels on the risk of CES (odds
ratio (OR), 1.58; 95% confidence interval (CI), 1.17-2.13; P = 0.003) (Figure 2). Sensitivity analysis indicated moderate
heterogeneity (I* = 71.5%, P for Cochran’s Q = 0.001); therefore, we employed the multiplicative random-effects (mre)
IVW method? for more reliable estimate. The estimate was unchanged using mre-IVW methods, but with a broader CI
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Outcomes SNPs,n OR(95%Cl) P-value
Any stroke
(1).IVW(fe) 9 b 1.03(0.89,1.18) 0.727
(2).Weighted median 9 b 1.00(0.83,1.20) 0.991
(3).MR-Egger 9 i 0.83(0.51,1.35) 0.474
(4).MR-PRESSO -* NA NA
Any ischemic stroke
(1).IVW(fe) 9 b 1.08(0.92,1.26) 0.328
(2).IVW(mre) 9 ot 1.08(0.89,1.31) 0.425
(3).Weighted median 9 e 1.01(0.81,1.26) 0.921
(4).MR-Egger 9 — 0.88(0.45,1.75) 0.733
(5).MR-PRESSO =* NA NA
Large artery stroke
(1).IVW(fe) 9 —t 1.05(0.71,1.55) 0.792
(2).Weighted median 9 et 1.10(0.66,1.83) 0.717
(3).MR-Egger 9 ——=—>  1.91(0.50,7.35) 0.376
(4).MR-PRESSO =* NA NA
Small vessel stroke
(1).IVW(fe) 9 - 0.75(0.52,1.08) 0.117
(2).IVW(mre) 9 i 0.75(0.47,1.21) 0.235
(3).Weighted median 9 —— 0.75(0.46,1.23) 0.244
(4).MR-Egger 9 —_ 0.99(0.17,5.80) 0.994
(5).MR-PRESSO = NA NA
Cardioembolic stroke
(1).IVW(fe) 9 —— 1.58(1.17,2.13) 0.003
(2).IVW(mre) 9 —s—>  1.58(0.93,2.67) 0.087
(3).Weighted median 9 —s=——  1.47(0.89,2.41) 0.131
(4).MR-Egger 9 ——=—>  1.83(0.25,13.09)  0.568
(5).MR-PRESSO 8t —— 1.83(1.13,2.97) 0.045
Intracerebral hemorrhage
(1).IVW(fe) 7 —_—— 1(0.41,2.46) 0.999
(2).Weighted median 7 —s——>  1.07(0.34,3.39) 0.9
(3).MR-Egger 7 —=———> 0.80(0.04,14.25)  0.885
(4).MR-PRESSO = NA NA
——

0 05 1 15 2 25

Figure 2 Associations of genetic predicted cTnl levels with stroke and its subtypes. A proxy SNP (rs8039472) was used to replace SNP (rs8024538) (pairwise r2= 0.92) in
all the datasets. *No outliers detected. TMR-PRESSO outlier detected: rs12331618.

Abbreviations: IVW (fe), fixed-effects inverse-variance weighted; IVW (mre), multiplicative random-effects inverse-variance weighted; MR-PRESSO, Mendelian randomiza-
tion pleiotropy residual sum and outlier method; NA, not available.
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Table | Multivariable MR Associations of Cardiac Troponin | with Stroke and Its Subtypes Adjusted for

Atrial Fibrillation and BMI

Outcome Model OR (95% CI) P-value
AS IVW adjusted for atrial fibrillation 1.00 (0.85, 1.17) 0.996
IVW adjusted for smoking 1.02 (0.88, 1.18) 0.764
IVW adjusted for BMI 1.03 (0.88, 1.20) 0.747
Fully adjusted model 0.99 (0.83, 1.19) 0918
AlS IVW adjusted for atrial fibrillation 1.08 (0.86, 1.36) 0.503
IVW adjusted for smoking 1.08 (0.88, 1.33) 0.47
IVW adjusted for BMI 1.09 (0.87, 1.36) 0.466
Fully adjusted model 1.09 (0.80, 1.48) 0.583
LAS IVW adjusted for atrial fibrillation 1.08 (0.86, 1.36) 0.503
IVW adjusted for smoking 1.10 (0.74, 1.63) 0.64
IVW adjusted for BMI 1.04 (0.67, 1.59) 0.87
Fully adjusted model 1.23 (0.75, 2.03) 0.409
SVS IVW adjusted for atrial fibrillation 0.93 (0.60, 1.44) 0.734
IVW adjusted for smoking 0.78 (0.48, 1.28) 0.324
IVW adjusted for BMI 0.68 (0.39, 1.17) 0.162
Fully adjusted model 0.88 (0.49, 1.59) 0.668
CES IVW adjusted for atrial fibrillation 1.26 (0.76, 2.11) 0.371
IVW adjusted for smoking 1.53 (0.87, 2.66) 0.137
IVW adjusted for BMI 1.93 (1.14, 3.24) 0.014
Fully adjusted model 1.53 (0.84, 2.78) 0.168
ICH IVW adjusted for atrial fibrillation 0.74 (0.27, 2.01) 0.554
IVW adjusted for smoking 0.99 (0.40, 2.44) 0.981
IVW adjusted for BMI 1.10 (0.42, 2.85) 0.852
Fully adjusted model 0.73 (0.24, 2.23) 0.576

Abbreviations: OR, odds ratio; Cl, confidence interval; IVW, inverse variance-weighted; AS, any stroke; AlS, any ischemic stroke; LAS,
large artery stroke; CES, cardioembolic stroke; SVS, small vessel stroke; ICH, intracerebral hemorrhage.

(OR, 1.58; 95% CI, 0.93-2.67; P = 0.087). The association was directionally consistent with the weighted median and
MR-Egger methods but with wider Cls that span 1.0. In addition, we used MR-PRESSO method to detect any outliers in
the IVW method and generate a corrected MR estimate robust to heterogeneity. One potential outlier was detected among
the 9 SNPs (rs12331618, P = 0.027), and analysis after excluding this outlier yields a similar result (Figure 2). In the
leave-one-out analysis, we found the causal association was modestly driven by 2 SNPs (rs2731672 and rs8039472)
(Supplementary Figure 1). Furthermore, multivariable MR analysis revealed no causal association between c¢Tnl and

CES after adjustment for atrial fibrillation and smoking, suggesting that the causal relationship suggested by IVW
methods may be mediated by common risk factors (Table 1).

In addition, genetically predicted cTnl was not causally associated with the risk of other stroke subtypes. The results
were consistent across complementary analyses including the weighted median and MR-Egger methods. No outliers were
found in the MR-PRESSO test. No single genetic variant was found to bias the causal associations potentially in the
leave-one-out analyses (Supplementary Figure 1).

Forest plots of the effect of every single SNP on the outcomes are reported in Supplementary Figure 2. No evidence of

directional pleiotropy was found as measured by MR-Egger regression (P for intercept >0.176, Supplementary Table 3).

Discussion

In the present study, we carried out a two-sample MR analysis to determine the causal association between the circulating
cTnl levels and the risk of stroke and its subtypes. Although fe-IVW indicated a causal relationship between c¢Tnl and
CES, complementary analyses yield estimates with broader CIs that span 1.0, and MVMR analyses suggested that this
causal relationship, if any, may be mediated by atrial fibrillation and smoking. For ¢Tnl and other types of strokes, our
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analysis provided little evidence of a causal association. Altogether, our study suggested that ¢Tnl is a bystander rather
than a risk factor in stroke.

cTnl has been recognized as a pragmatic biomarker for the diagnosis of myocardial damage. It may predict all-cause
mortality in patients with heart failure (HF) and patients with acute ischemic stroke.”'? Recently, several lines of
evidence demonstrated that elevated cTnl levels are associated with a higher risk of stroke. In a retrospective study
including 2.8 million individuals, Jacob VanHouten et al. reported that circulating cTnl levels were elevated in 20.6% of
participants who suffered from an acute ischemic stroke but were free of any known heart diseases.*® On the other hand,
circulating ¢Tnl can serve as a predictor of stroke, as observational studies have shown.”® A novel biomarker-based
stroke risk score with the introduction of ¢Tnl was well calibrated and performed better than the extensively used
CHA2DS2-VASc score.'? Nowadays, developed biosensors for ¢Tnl detection are being promoted to aid early manage-
ment decisions in acute strokes.**

However, assessing the causal effects of cTnl on stroke is challenging due to the residual confounding and reverse
causality inherent in the observational studies.’® In addition, whether ¢Tnl plays a role of driver or passenger in the
process of stroke remains unknown. This MR analysis was carried out to answer these questions. Although the fixed-
effects IVW method yield a result that genetically predicted ¢Tnl may be causally linked to the risk of CES, this
causal association no longer existed after adjustment for atrial fibrillation and smoking. In addition, our analysis also
suggested that cTnl was not associated with any stroke, LAS, SVS, CES, and ICH. These results are different from
those of previous observational studies. We think there are several explanations. First, although some confounders
have been adjusted in these studies, there remain some unmeasured risk factors that remain uncontrolled due to the
nature of the observational study. Circulating cTnl levels are usually higher in males, older, hypertensive, and
diabetic; smoking, CVDs, and higher BMI lead to elevated cTnl levels. The existence of all these common risk
factors may contribute to the observations in traditional studies. Second, the reverse causation bias was difficult to
avoid in the observational studies. In addition, elevated cTnl may be just a manifest of other cardiovascular diseases
(CVDs).

It was reported in animal studies that circulating ¢Tnl induced immune responses causing HF,>*>” and it helped
improve risk stratification of acute myocardial infarction (AMI) in cohort studies.’®° Hence, to explore the causal
effects of circulating cTnl on HF and AMI, Marta R. Moksnes et al performed a two-sample MR analysis, but no causal
association was found.'® This conclusion corroborated with the findings in the present study. Consistently, another MR
study suggested that GDF-15, a stress responsive cytokine, was not causally associated with stroke risk, except
a suggested relationship with CES.*® The results of no causality did not weaken the value of the previous studies
identifying the prognostic role of cTnl for CVDs (AMI, HF, stroke, and so on) but provided a greater insight into the role
of this biomarker as well as the mechanisms of these diseases.

A similar MR analysis for the same subject was recently reported by Dandan Liu et al.*' Some of their conclusions
shared with ours, such as no causal effect of cTnl on the risk of AS, AIS, LAS, and SVS. However, they concluded that
cTnl is causally associated with CES. We think this conclusion is somewhat unconvincing because they neither
considered SNPs in linkage disequilibrium nor performed MVMR to find potential confounders in their study. Since

atrial fibrillation, smoking and BMI have been associated with stroke risk,***~**

we believe these confounders may bias
the association between cTnl and CES.

Notable strengths of this MR analysis include the large sample size derived from several GWAS datasets and the
consistency of the results across different complementary analyses. However, this study has several limitations. First,
potential directional pleiotropy cannot be completely ruled out, although MR-egger interception tests and multivariable
MR analyses did not find sufficient evidence to support this. Second, this study lacked patient-level data such as age and
sex; thereby, the potential association between circulating ¢Tnl and stroke in different sexes and ages could not be
evaluated. Third, the GWAS data in this analysis is restricted to European, which might limit the scope of our findings. In
addition, it is possible that there may be a non-linear association for cTnl with stroke outcomes, which might be missed
by two-sample MR. Finally, given that the genetic variants were estimated to explain a very small proportion of the
phenotypic variation of ¢Tnl, our results did not reach sufficient statistical power; hence, there remains a possibility of
false negatives in our analysis, and larger GWAS for cTnl is warranted in the future.
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Conclusion

Our two-sample MR analysis found little evidence of a causal association between increased serum cTnl levels and risk
of stroke in European populations, suggesting that efforts to decrease serum cTnl levels will probably not result in
a decreased risk of stroke. The positive associations reported in observational studies may be attributable to residual
confounding and reverse causation. Further studies are likely needed to confirm our results.
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