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Leukocyte Telomere Length and Cardiac
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Randomization Study
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BACKGROUND: Existing research demonstrates the association of shorter leukocyte telomere length with increased risk of age-
related health outcomes including cardiovascular diseases. However, the direct causality of these relationships has not been
definitively established. Cardiovascular aging at an organ level may be captured using image-derived phenotypes of cardiac
anatomy and function.

METHODS AND RESULTS: In the current study, we use 2-sample Mendelian randomization to assess the causal link between
leukocyte telomere length and 54 cardiac magnetic resonance imaging measures representing structure and function across
the 4 cardiac chambers. Genetically predicted shorter leukocyte telomere length was causally linked to smaller ventricular
cavity sizes including left ventricular end-systolic volume, left ventricular end-diastolic volume, lower left ventricular mass, and
pulmonary artery. The association with left ventricular mass (8=0.217, P =0.016) remained significant after multi-
ple testing adjustment, whereas other associations were attenuated.

false discovery rate

CONCLUSIONS: Our findings support a causal role for shorter leukocyte telomere length and faster cardiac aging, with the most
prominent relationship with left ventricular mass.
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lobal population aging has increased the bur-
den of chronic noncommunicable diseases of
older age, among which cardiovascular dis-
eases (CVDs) are the most prominent.! The risk of
age-related CVD is not uniform across the population.
Indeed, biological cardiovascular aging is influenced
by a wide range of environmental and lifestyle expo-
sures throughout life.? Furthermore, the susceptibility
to CVDs varies even among individuals with similar ex-
posure profiles, suggesting the crucial role of inherent
genetic determinants of biological aging.
Telomeres are distinct regions of repetitive nucle-
otide sequences and protein complexes at the end
of chromosomes.® Their function is to protect against

nucleotide degradation, unnecessary recombination,
repair, and interchromosomal fusion.*® Telomeres
become progressively shorter with each cell division.
Shorter leukocyte telomere length (LTL) has been
linked to increased risk of death and age-related dis-
ease, including a range of CVDs.® For instance, lon-
ger LTL is causally associated with decreased risk of
myocardial infarction, coronary atherosclerosis, and
ischemic heart disease.” There is wide variation of LTL
across the population with evidence of high and con-
sistent heritability.° As such, LTL has been proposed
as an indicator of biological aging providing information
beyond chronological age and environmental expo-
sures. However, LTL can also be modified by diseases,
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CLINICAL PERSPECTIVE
What Is New?

This is the first 2-sample Mendelian randomi-
zation study assessing the potential causal role
of leukocyte telomere length and a wide range
of metrics representing cardiac function and
structure.

e Genetically predicted shorter leukocyte tel-
omere is causally linked to smaller ventricular
cavity sizes, particularly left ventricular mass.

What Are the Clinical Implications?

e The results of our study add a new risk factor to
the vascular risk factors that should be consid-
ered to assess cardiac function and structure.

Nonstandard Abbreviations and Acronyms

IDP image-derived phenotype

v instrumental variable

LD linkage disequilibrium

LTL leukocyte telomere length

LVESV left ventricular end-systolic volume
LVM left ventricular mass

MR Mendelian randomization

UKB United Kingdom Biobank

such as diabetes and atherosclerosis, which may con-
found its relationships with incident CVD and death.®
That is, the causality of the relationships between LTL
and CVD is not adequately demonstrated in existing
literature.'

Cardiac magnetic resonance (CMR) became an
essential tool for the characterization of CVDs. The
cardiovascular phenotype alters in a predictable and
established manner with increasing age, which may be
accurately captured using CMR."" Thus, CMR pheno-
types provide reliable continuous measures of cardio-
vascular aging. The recent availability of genome-wide
association study (GWAS) data®® for a rich array of
CMR phenotypes provides opportunity to evaluating
causal associations of LTL with cardiovascular aging.

A statistical genetics technique that can help es-
tablish causality from GWAS results is Mendelian ran-
domization (MR). A recent study used MR to examine
the association between LTL and 7 CMR metrics.'®
The findings indicate that shorter LTL was associated
with reduced left ventricular (LV) mass (LVM), reduced
LV stroke volume, reduced global ventricular volume,
and reduced overall ventricular size. However, only the
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reduction in LVM would survive multiple testing cor-
rection across the 7 explored traits. In particular, the
study implemented a 1-sample MR, where the expo-
sure (LTL) and outcome (CMR metrics) are obtained
from the same cohort, which enabled the authors to
leverage a large data set comprising N=446367 indi-
viduals to identify instrumental genetic instruments of
LTL (exposure) for the MR analysis of whom N=40459
underwent CMR (outcome). However, such analyses
are known to be more prone to bias compared with
2-sample MR." For instance, weak instruments bias
the result toward the observed association between
exposure and outcome,” whereas winners curse may
lead 1-sample MR to underestimate the true causal
effect.’® Therefore, a 2-sample MR, where there is no
overlap between the samples of the exposure and the
outcome and which avoids such biases, can be used
to substantiate these findings. Finally, Aung et al'® fo-
cused on the most common CMR metrics. However,
there are further metrics, such as ejection fraction,
which are of broad interest and can be explored using
available GWAS summary statistics in a 2-sample MR
framework.

In this study we used 2-sample MR to examine the
causal association of LTL with 54 CMR phenotypes,
leveraging publicly available GWAS summary statistics
of LTL and cardiac phenotypes. This work provides
novel insights into the causal associations of LTL with
cardiovascular aging and its potential as a marker of
biological cardiovascular age, independent of age and
environmental exposures.

METHODS

The authors declare that all supporting data are avail-
able within the article and references.

Study Design

The GWASs summary statistics that support this
analysis are previously published and downloadable
results from different projects/cohorts including UK
Biobank (UKB) and European Network for Genetic and
Genomic Epidemiology. Ethical approval and partici-
pants formal consent were collected and approved in
each study from the respective institutions.

Cardiac IDPs (Outcome) GWAS
Right Atrium

The GWAS summary statistics of the right atrium' that
are publicly available were considered in the current
analysis. Right heart structure and function GWAS
was conducted for 40000 participants from UKB.
Participants were excluded if they had history with spe-
cific heart diseases. GWAS analysis was conducted
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for 34 CMR measures including right ventricular vol-
ume at end diastolic and end systolic, ejection frac-
tion, and stroke volume. In addition, Pirruccello et al'?
conducted GWAS for the pulmonary system, including
pulmonary root diameter, pulmonary artery, and diam-
eter of pulmonary artery. Similar measures were also
used but indexed for body surface area. Although their
analysis was mainly focused on the right atrium, they
also conducted GWAS for LV and right ventricular met-
rics. The full list of all 34 CMR measures reported and
the GWAS results can be found in."?

Right Ventricular

To represent right ventricular phenotypes, we used
publicly available GWAS summary statistics of the fol-
lowing 4 right ventricular measures: end systolic vol-
ume, stroke volume, ejection fraction, and end diastolic
volume.™ In summary, the results are based on 29506
participants from UKB free from preexisting myocardial
infarction or heart failure.

Left Atrium

GWAS was performed using 5 functional and volumet-
ric left atrial (LA) variables from UKB for 35658 partici-
pants. The variables included LA minimum volumes,
indexed LA maximum, LA active emptying fraction,
LA passive emptying fraction, and LA total emptying
fraction.'

Left Ventricular

We used the GWAS summary statistics for the fol-
lowing 6 LV measures: end-diastolic volume, LVM,
end-systolic volume (LVESV), ejection fraction, mass
to end-diastolic volume ratio, and stroke volume.'®
However, as the summary statistics of LV stroke vol-
ume were not available, this measure was excluded
from further analyses. The study was conducted on
16923 European participants from the UKB.

Aortic Distensibility

GWAS was conducted to assess the association of the
genetic bases and 6 aortic dimension and distensibil-
ity phenotypes. These included ascending aortic dis-
tensibility, ascending aortic minimum area, ascending
aortic maximum area, descending aortic distensibility,
descending aortic minimum area, and descending
aortic maximum area.'® The analysis was conducted
on 32590 White participants from the UKB.

Arterial Stiffness Index

Arterial stiffness index GWAS was conducted on
127 121 European-ancestry individuals from the UKB.?°
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Such analysis has been facilitated by its ease of acqui-
sition and its role in a wide range of CVDs. The analysis
resulted in a set of variants in 4 loci that are significantly
associated with arterial stiffness index.

LTL (Exposure) GWAS

We used 33 single nucleotide polymorphisms (SNPs)
that have been shown to be significantly associ-
ated with LTL in previous studies.?’?3 The first 20
SNPs were from a recent study that was conducted
on 78592 European individuals, under the European
Network for Genetic and Genomic Epidemiology
(ENGAGE) priject. The remaining 13 SNPs were used
before in® to conduct MR analysis with a wide range
of aging-related outcomes. The focus on these stud-
ies, which did not use UKB data, for the selection of
the instrumental variables (IVs) allows us to conduct
a 2-sample MR study using CMR GWAS summary
statistics that were obtained using UKB participants.
Accordingly, there was no overlap between the partici-
pants included in the exposure (LTL) and the outcome
(CMR image-derived phenotypes [IDPs]) GWASs. The
process of selecting the IVs, linkage disequilibrium (LD)
clumping, and performing MR analysis are motivated
by the steps mentioned in.?®

The process of choosing proxies for SNPs that are
not available for the GWAS on CMR measures and
ensure that they are not in LD was performed as de-
scribed previously.?® Briefly, 10 SNPs were excluded
as they were in high LD (R?>>0.02) with other SNPs.
Ensembl?” was used to calculate LD using GBR (British
in England and Scotland) samples from phase 3 (ver-
sion 5) of the 1000 Genomes Project. The final list of
the 23 SNPs is shown in Table 1.

Statistical Analysis

The statistical analysis was implemented using
TwoSampleMR package®® in R adopting inverse-
variance weighted method as the primary analysis.
Weighted mode and weighted median methods were
also performed as complementary MR analyses. The
inverse-variance weighted method assumes no pleiot-
ropy whereas weighted mode and weighted median
allow for genetic pleiotropy.?® In addition, weighted
median presents consistent estimates when at least
50% of the selected variants are valid 1Vs.3° Moreover,
weighted mode assumes that the true causal asso-
ciation is coming from common causal effect even if
the majority of IVs are invalid.3' MR-Egger regression®?
and weighted median function3® were used to detect
heterogeneity and directional pleiotropy of the ge-
netic instruments. To test for horizontal pleiotropy test,
leave-one-SNP-out analyses, MR-Egger intercept test,
and the modified Cochran Q statistic methods were
applied. Moreover, MR-Pleiotropy Residual Sum and
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Table 1. SNPs Used in the MR Analysis
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SNPs Chr Pos Gene EA OA EAF Beta SE P value Source
rs2695242° 1 226406337 PARP1 G T 0.83 -0.039 0.006 9.31E-11 [21]
rs11125529 2 54248729 ACYP2 A C 0.16 0.065 0.012 4.48E-08 [22]
rs6772228 3 58390292 PXK T A 0.76 0.041 0.014 3.91E-10 [28]
rsb5749605 3 101513249 SENP7 A C 0.58 -0.037 0.007 2.45E-08 [21]
rs7643115° 3 169794453 TERC A G 0.243 -0.085 0.0057 6.42E-51 [21]
rs13137667 4 70908630 MOB1B C T 0.959 0.076 0.013 2.37E-08 [21]
rs7675998" 4 163086668 NAF1 G A 0.8 0.048 0.012 4.35E-16 [28]
rs7705526 5 1285859 TERT A ¢} 0.328 0.082 0.005 4.82E-45 [21]
rs34991172 6 25480100 CARMILT G T 0.068 -0.060 0.010 6.03E-09 [21]
rs805297" 6 31654829 PRRC2A A C 0.313 0.034 0.0055 3.41E-10 [21]
rsb9294613 7 124914213 POT1 A ¢} 0.293 -0.040 0.005 1.12E-13 [21]
rs9419958 10 103916188 STN1 (OBFC1) C T 0.862 -0.063 0.007 4.77E-19 [21]
rs228595 " 108234 866 ATM A G 0.417 -0.028 0.005 1.39E-08 [21]
rs76891117° 14 72933129 DCAF4 G A 0.1 0.047 0.0084 1.64E-08 [21]
rs3785074 16 69373083 TERF2 G A 0.263 0.035 0.005 4.5E-10 [21]
rs62053580 16 74646176 RFWD3 G A 0.169 -0.038 0.007 3.96E-08 [21]
rs7194734 16 82166375 MPHOSPH6 T C 0.782 -0.036 0.006 6.72E-10 [21]
rs3027234 17 8232774 cTC1 C T 0.83 0.103 0.012 2E-08 [23]
rs8105767 19 22032639 ZNF208 G A 0.289 0.039 0.005 5.21E-13 [21]
rs6028466 20 39500359 DHX35 A G 017 0.058 0.013 2.57E-08 [21,23]
rs71325459" 20 63636988 RTEL1 T ¢} 0.015 -0.139 0.022 7.04E-10 [21]
rs75691080 20 63638397 STMN3 T ¢} 0.091 -0.067 0.008 5.75E-14 [21]
rs73624724 20 63805045 ZBTB46 C T 0.129 0.050 0.007 6.08E-12 [21]

*Indicates proxies as the original SNPs were not available for cardiac image-derived phenotype genome-wide arassociationea studies. Gene: the closet
candidate genes. The reported position is from GRCh38 genome build. SNPs, ID of the SNP. Beta indicates beta value of the SNP in GWAS; Chr, chromosome;
EA, effect allele; EAF, effect allele frequency; MR, Mendelian randomization; OA, other allele; Pos, position of the SNP in the genome; and SNP, single nucleotide

polymorphism.

Outlier®® was used to detect and correct pleiotropy. In
addition, in order to further address the issue of poten-
tial pleiotropy, we conducted a sensitivity analysis after
excluding any SNPs with evidence for a genome-wide
association with another trait. To this end we screened
all IVs against the GWAS Catalog (https://www.ebi.ac.
uk/gwas/; date accessed November 17, 2023) sum-
mary statistics. SNPs with P values below 5x10~8 for
traits other than telomere length were considered for
exclusion in a sensitivity analysis. False discovery rate3*
correction was finally applied to the inverse-variance
weighted results to adjust for multiple tests across the
54 cardiac GWAS studies independently at a=0.05.

Sensitivity Analysis

After our initial screen, we conduct a multivariable 2
sample MR on significant outcomes to ensure the ef-
fects are not driven by body mass index or smoking.
To further assess the association between LTL and
LVM, we ran multivariable 2-sample MR to adjust the
association for body mass index and smoking. Body
mass index GWAS summary statistics were extracted
from,3% which did not include UKB participants. In
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terms of smoking, we used summary statistics from,3®
using cigarettes per day, without UKB participants
and downloaded from (https://conservancy.umn.edu/
handle/11299/201564). Thereafter, we run the analy-
sis using the TwoSampleMR package®® and followed
the instructions mentioned in (https:/mrcieu.github.
io/ TwoSampleMR/articles/perform_mr.html) using the
function mv_multiple().

RESULTS

In total 54 MR tests were conducted to examine the
causal association of LTL and CMR phenotypes. All the
IVs used from LTL GWAS were also available for car-
diac IDPs, with the exception of 2 SNPs (rs13137667
and rs71325459) from the LV GWAS.'® We could not
select suitable proxies for these 2 SNPs, because
all variants in the region showed low LD (LD <0.01).
Consequently, these 2 SNPs were excluded when
MR was conducted between LTL and LV IDPs. Five
measures showed nominally significant association
with LTL in both the main and complementary analy-
ses (Table 2). Specifically, we found significant causal


https://www.ebi.ac.uk/gwas/
https://www.ebi.ac.uk/gwas/
https://conservancy.umn.edu/handle/11299/201564
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https://mrcieu.github.io/TwoSampleMR/articles/perform_mr.html

%20z ‘S Jequiesag uo Aq Bio'sfeuinofeye/:diy wouy papeojumoq

Salih et al

Table 2. Results of the Mendelian Randomization for the CMR Measures Significantly Associated With LTL

Telomere Length and Cardiac Structure and Function

Method LVEDV LVESV LVM LVM (SE) sa_cm_pa sa_cm_pa_i
IVW beta 0.138 0.118 0.217 0.24 0.085 0.103
IVW SE 0.054 0.054 0.061 0.067 0.049 0.007
IVW P value 0.011 0.029 0.0003 0.0002 0.049 0.007
IVW false discovery rate P value 0.198 0.392 0.016 0.486 0.189
MR-Egger P value 0.011 0.027 0.048 0.01 0.012 0.006
Weighted median P value 0.003 0.141 0.005 0.004 0.007 0.005
Weighted mode P value 0.025 0.031 0.029 0.006 0.013 0.014
Pleiotropy tests
Egger intercept P value 0.05 0.10 0.40 0.15 0.50 0.05

MR-PRESSO (global test) P value 0.44 0.61 0.27 0.30 0.06 0.22

Source [15] [15] [15] [15] [12] 2]

Sample size 16923 16923 16923 16923 40000 40000

The reported P values of MR-PRESSO are from the global test. i indicates indexed to body surface area; IVW, inverse-variance weighted; LTL, leukocyte
telomere length; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVM (SE), the association with left ventricular mass
after removing the 3 instrumental variables; MR, Mendelian randomization; MR-PRESSO, MR-Pleiotropy Residual Sum and Outlier; pa, pulmonary artery; and

sa, short axis.

association of shorter LTL with smaller LV cavity vol-
umes in end-diastole and end-systole (lower LV end-
diastolic volume and LVESV) and lower LVM. Shorter
LTL was also significantly associated with smaller short
axis pulmonary artery size (in both indexed and nonin-
dexed versions of this metric). There was no evidence
of significant horizontal pleiotropy in these 5 meas-
ures, as per MR-Pleiotropy Residual Sum and Outlier
(P value of global test was >0.05). In addition, the MR-
Eggerintercept P value was not significant indicating no
directional pleiotropy. The association with LVESV was
not significant in one of the complementary analyses
(weighted median), whereas it was significant in other
analyses. The associations with short axis pulmonary
artery size (in both indexed and nonindexed versions
of this metric), LV end-diastolic volume and LVESV
were attenuated to statistically nonsignificant after
multiple testing adjustment (P, discovery rate>0-09)- The
association with LVM was the most robust, remaining
statistically significant after multiple testing adjustment
(Praise discovery rae=0-016). The remaining CMR measures
were not significantly associated with LTL (Table S1).
The results showed that shortening LTL over time
causes reduction particularly in LVM and suggestively
in 4 other measures. The Figure shows that LTL short-
ening causes reduction of all 5 cardiac IDPs over time.

For LVM we considered 2 sensitivity analysis. First,
we repeated the analysis after excluding SNPs with
a pleiotropic effect. The results from GWAS Catalog
screening identified 3 Vs that are significantly asso-
ciated with a wide range of traits, which might bias
the MR analysis. The Vs are rs7705526 (with many
traits including lung cancer and myeloid white cell
count), rs76891117 (with systolic blood pressure),
and rs7194734 (with body height; additional details in
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Table S2). Those 3 Vs were removed and the analysis
was run again for LVM. The association with LVM re-
mained significant after removing the 3 Vs (Table 2).
In fact, the effect size was stronger than with the origi-
nal set of IVs. Second, we conducted the multivariable
2-sample MR between LTL and LVM adjusted for body
mass index and smoking. The analysis also indicated
a significant association (8=0.2001, P value=0.0184).

DISCUSSION

We present an extensive evaluation of the causal re-
lationships between LTL and 54 cardiac IDPs using
2-sample MR analysis. We demonstrate causal asso-
ciation of shorter LTL with smaller LV cavity volumes
(smaller LV end-diastolic volume and LVESV) and lower
LVM. The most robust association was between LTL
and LVM, with the association remaining significant
after multiple testing correction of the primary analy-
sis. The pattern of associations reflects associations
of LTL with a pattern of cardiovascular phenotypic al-
terations in keeping with greater cardiac aging. These
phenotypic alterations have been shown to confer sig-
nificant cardiovascular risk, particularly when present
at younger ages. Thus, our work supports a causal
role for LTL in driving poorer cardiovascular health and
sheds light into potential mechanisms causing differ-
ential susceptibility to CVD across the population. The
pattern of phenotypic alterations observed in associa-
tion with shorter LTL is consistent with age-related car-
diovascular changes reported in population imaging
cohorts.®” There are distinct age-related morphologi-
cal alterations of the heart, which are reflected in car-
diovascular imaging phenotypes and widely reported
in the literature.” Increasing age is associated with
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IDPs indicates image-derived phenotypes; IVW, inverse-variance weighting; LTL, leukocyte telomere length; LVEDV, left ventricular
end-diastolic volume; LVESV, left ventricular end-systolic volume; LVM, left ventricular mass; MR, Mendelian randomization; and SNP,

single nucleotide polymorphism.

cardiomyocyte attrition,3 which is detected as lower
LVM on CMR. There is also substantial decline in LV
volumes with increasing age, which is disproportion-
ately greater than the LVM decline, therefore result-
ing in a concentric pattern of LV remodeling in older
ages.®” With regard to functional metrics, the pattern
is more complex; poorer strain metrics are generally
noted, although their measurement on CMR can be
challenging. LV stroke volume is reduced with increas-
ing age but accompanied by minimal or no change
in LV ejection fraction. Increased vascular stiffness
with older age is well described in the literature®® and
linked to the described ventricular remodeling through
patterns of ventricular-arterial coupling.® The de-
scribed age-related cardiovascular alterations have
been linked to increased risk of cardiovascular events.
Thus, the observed associations with shorter LTL in
our study are well matched to existing knowledge on
cardiac age-related remodeling. It is worth mentioning
that the rate of telomeres length shortening over time
is different across cell types.® Telomeres in proliferative
cells such as leukocytes experience higher shorten-
ing rate compared with nonproliferative cells such as
muscle cells.#' Accordingly, the rate of telomere length
shortening in muscular tissue such as cardiac would
be slower than in the other tissues.*?

Although our analysis indicates a causal relation-
ship between shorter LTL and age-related LV remod-
eling, it is not clear whether this represents a direct
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effect of LTL or an indirect effect mediated through
greater propensity to risk factors such as diabetes.
Indeed, previous work has been linked shorter LTL to
poorer glycemic control,*® higher blood pressure,*4-46
and total cholesterol.#” It is likely that LTL acts through
multiple direct and indirect pathways to accelerate car-
diac aging and increase propensity to disease. Further
studies elucidating these precise mechanisms are es-
sential to advance knowledge in this area. The asso-
ciations with right ventricular and atrial metrics were
not significant in our analysis. This may reflect greater
technical challenges in deriving these phenotypes and
thus greater noise limiting detection of SNPs in GWAS
for these metrics. For instance, the right ventricle has
an irregular anatomy, and its segmentation is far more
challenging than the LV with greater interoperator vari-
ation.*® It is also possible that the LV reflects more
readily age-related alterations than the other cham-
bers. The associations of CMR metrics with aging
are not extensively studied due to limited availability
of large population cohorts. As the performance au-
tomated segmentation tools improve and with greater
availability of population data sets our understanding
of the genetic architecture of the heart is expected to
improve with greater opportunity to understand its al-
terations with age.

The Vs (SNPs) used in our analysis belong to wide
range of genes that regulate LTL and are also linked to
the development of cardiac diseases and vascular risk
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factors. The rs11125529, rs7675998, rs8105767, and
rs7194734 SNPs belong to the ACYP2, NAF1, ZNF208,
and MPHOSPHGE genes, respectively, which were found
to be associated with increasing risk of developing cor-
onary heart disease.??4950 |n addition, rs6772228 be-
longs to the PXK gene, which is associated with total
cholesterol levels.®' Finally, the RTELT gene plays a pro-
tective role against coronary heart disease.%?

Importantly, our study confirms the previously re-
ported causal association between LTL and LVM'®
using 2-sample MR, which is less susceptible to bias
compared with 1-sample MR. Similarly to Aung et al,'®
who reported a nominally significant effect between
LTL and LV stroke volume, there were also significant
associations between LTL and LV end-diastolic and
end-systolic volume, but these did not survive multi-
ple testing correction. Interestingly, our results were
achieved using only 23 SNPs as Vs, which were pre-
viously reported to be significantly associated with
LTL, as compared with the 130 SNPs by Aung et al'®
based on a UKB GWAS analysis. Of note, the effect
sizes in our study were larger than the ones previously
reported using 1-sample MR. For example, the effect
size of LVM in our study is (8=0.21) per 1-SD increase in
genetically determined telomere length, whereas Aung
et al'® report (8=0.13). Accordingly, the results of the
current study provide additional robust evidence for a
causal association between LTL and CMR metrics.

A constant concern in MR analyses is bias due to
horizontal pleiotropy. We attempted to address this
constraint in two ways. First, we used statistical meth-
ods that attempt to detect pleiotropy and adjust for
pleiotropy (MR-Pleiotropy Residual Sum and Outlier).
None of our nominally significant associations showed
evidence of pleiotropy using this method. Second, we
manually screened the Vs against a large database of
published GWAS results (GWAS Catalog). Instruments
that were found to be strongly related to other traits
were removed as IVs in a sensitivity analysis. Across
both these approaches our main result of LTL influenc-
ing LVM remained significant. However, despite these
efforts we cannot fully exclude the risk of a bias in our
MR results due to pleiotropy.

CONCLUSIONS

To the best of our knowledge, this is the first study
that attempts to assess the casual link between LTL
and a wide range of cardiac IDPs. Our results indicate
a significant and causal role of LTL on the LV struc-
ture. A previous study? demonstrated the role of wide
range of daily lifestyle and exposures in cardiac aging.
Our study identified a new significant player in car-
diac aging, which might help to better understand the
aging-driven factors.
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