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Abstract

Background Studies have indicated that COVID-19 infection may accelerate the aging process in organisms.
However, it remains unknown whether contracting COVID-19 affects life expectancy. Furthermore, the underlying
biological mechanisms behind these findings are still unclear.

Methods We conducted a prospective cohort study on 56,504 participants of European ancestry from the UK
Biobank who reported the time and number of COVID-19 infection between January 2020 and September 2023.
The parental average longevity was used as a proxy for their own longevity. Linear regression was used to assess
the relationship between COVID-19 infection and longevity. Furthermore, we investigated the shared genetic

basis between COVID-19 and longevity using large-scale genome-wide association studies (GWAS) for COVID-19
(122,616 cases and 2,475,240 controls) and longevity (3,484 cases and 25,483 controls). Mendelian randomization
(MR) and mediation analysis were utilized to assess causal relationships and potential mediators between COVID-19
susceptibility and longevity. Shared genetic loci between the two phenotypes were identified using conjunctional
false discovery rate (conjFDR) statistical frameworks.

Results After controlling for relevant covariates, COVID-19 infection might not be significantly correlated with
longevity. In all MR methods, generalized summary-data-based Mendelian randomization (GSMR) analysis revealed a
significant decrease in longevity due to severe COVID-19 infection (OR=0.91, 95%Cl: 0.84-0.98, P=0.015). Mediation
analysis identified stroke and myocardial infarction as potential mediators between COVID-19 susceptibility and
reduced longevity. At conjFDR < 0.05, we identified rs62062323 (KANSLT) and rs9530111 (PIBFT) as shared loci between
COVID-19 and longevity.

Conclusion Together, our findings provided preliminary evidence for the shared genetic basics between COVID-19
and aging. This discovery may have implications for personalized medicine and preventive strategies, helping identify
individuals who may be more vulnerable to severe outcomes from COVID-19 due to their genetic makeup.
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Introduction

The COVID-19 pandemic has resulted in a significant
global death toll, surpassing 6.7 million as of mid-April
2023. Although COVID-19 mortality rates have nota-
bly declined, a range of sequelae can manifest in indi-
viduals following recovery from the infection. These
sequelae may include persistent health issues such as
severe fatigue, breathing difficulties, insomnia, heart
palpitations, cognitive impairment, and other symptoms
[1-5]. This condition, known as long COVID or post-
acute sequelae of SARS-CoV-2 infection (PASC), has the
potential to significantly impact the long-term health and
longevity of patients [1, 2].

While advancements in socioeconomic development
and improved medical care have contributed to increased
life expectancy over the past few decades, the COVID-19
pandemic is anticipated to have a negative effect on life
expectancy [6, 7]. For instance, in the United States, life
expectancy dropped by approximately 1.87 years in 2020
[7]. Similarly, in the United Kingdom, the life expectancy
of women in 2020 decreased by 0.9 years, and that of
men decreased by 1.2 years when compared to the figures
from 2019 [6]. The substantial number of deaths among
individuals in their working years can have enduring
adverse consequences for society, the economy, and over-
all health [8]. In addition to the direct fatalities resulting
from COVID-19, it remains uncertain whether individu-
als previously infected with COVID-19 may experience
accelerated aging and a reduced life expectancy [9].

Long-term follow-up of COVID-19 patients for several
decades would be impractical due to the substantial time
and financial resources required. However, a recently
developed statistical framework based on summary sta-
tistics from genome-wide association studies (GWAS)
offers a promising avenue for examining genetic overlap
among complex traits. These GWAS cohorts typically
encompass tens of thousands or even millions of samples,
providing robust statistical power. Additionally, longevity
exhibits a high heritability, with genetic factors account-
ing for approximately one-third of the variation in human
lifespan [10]. Given these considerations, genetic data
can be leveraged to investigate the shared genetic archi-
tecture and specific genetic loci between COVID-19 and
longevity.

In this study, we analyzed the relationship between
participants who reported COVID-19 infection between
January 2020 and September 2023 and lifespan in the UK
Biobank. In addition, we utilized mendelian randomiza-
tion (MR) and mediation analysis to assess the causal
relationship between COVID-19 susceptibility and lon-
gevity, as well as to examine whether COVID-19 impacts
longevity through potential mediators. To identify shared
genetic loci, we applied conditional and conjunctional
false discovery rate (FDR) statistical frameworks to the

Page 2 of 10

most recent GWAS data available for COVID-19 and
longevity. By employing these approaches, our objective
was to enhance our understanding of the shared genetic
basis and underlying molecular mechanisms linking
COVID-19 and longevity. The conceptual framework
outlining our study is depicted in Fig. 1.

Methods

Study design and participants

The UK Biobank is a large-scale biomedical database
and research resource containing in-depth genetic and
health information from half a million UK participants
aged between 40 and 69 years at recruitment. Partici-
pants were recruited between 2006 and 2010, providing
a wide range of information about their health, lifestyle,
and physical measures.

Phenotypes

Participants who were infected with COVID-19 were
defined by the mental well-being online question col-
lected in September 2023: “How many times do you think
you have had COVID-19?” (Field 29156). Participants
who answered 1 or more times were included. The time
of COVID-19 infection was defined by the question in
Field 29,157: “When do you think you first had or might
have had COVID-19” Participants who did not report
the time and number of infections were excluded. As the
UK Biobank is a general population cohort, the number
of deceased participants is relatively small. Therefore,
we used the average of Father’s age at death (Field 1807)
and Mother’s age at death (Field 3526) as a proxy for the
participants’ lifespan. Participants with missing parental
lifespan data and those who answered “Do not know”
and “Prefer not to answer” were excluded.

Covariates

We included gender (male as 1, female as 0), age, body
mass index (BMI), Townsend deprivation index, educa-
tion level (having received college/university education
or above as 1, others as 0), smoking (answering ‘No’ as
0, “Yes, on most or all days’ and ‘Only occasionally’ as 1),
alcohol consumption (answering ‘Current’ and ‘Previous’
as 1, ‘Never’ as 0), and diabetes history (answering ‘No’
as 0, “Yes’ as 1) as covariates. Participants who answered
‘Prefer not to answer’ or ‘Do not know’” were excluded.

Statistical analysis

The baseline information of participants was summa-
rized. For continuous traits, the median[minimum to
maximum] and mean with standard deviation was cal-
culated, while for categorical variables, the number
(percentage) was reported. Linear regression models
were used to analyze the correlation between COVID-
19 infection and expected lifespan. The first model
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Fig. 1 Study design

considered age and gender as covariates, while the sec-
ond model considered age, gender, BMI, Townsend
deprivation index, education level, smoking, alcohol con-
sumption, and diabetes history as covariates. All statisti-
cal analyses were performed using R (version 4.3) and the
UK Biobank Research Analysis Platform. A P value <0.05
(two-sided) was considered statistically significant.

GWAS summary statistics

All GWAS summary statistics in this study was publicly
available, and the ethical approval and informed consent
were obtained in all original studies.

GWAS summary statistics for COVID-19 (122,616
cases and 2,475,240 controls), very severe respiratory
confirmed COVID-19 (18,152 cases and 1,145,546 con-
trols), and hospitalized COVID-19 (32,519 cases and
2,062,805 controls) from the COVID-19 host genetics
initiative [11]. The COVID-19 infection cases included
individuals with laboratory-confirmed COVID-19 infec-
tion or electronic health record, ICD coding or clinically
confirmed COVID-19, or self-reported COVID-19 [11,
12]. All participants were of European descent. GWAS
for longevity was derived from a GWAS meta-analysis
for age of survival of participants from 20 cohorts of
European, East Asian, and African American popula-
tions [11, 13]. Cases were participants who lived to an
age above the 99th percentile (3,484 cases and 25,483
controls) based on cohort life Table [13]. Controls were
participants who died at or before the age at the 60th

percentile [13]. For instance, the 60th and 99th percen-
tile correspond to ages of 83 and 102 years for women in
the United States cohort [13]. We performed quality con-
trol on these GWAS data. We focused only on autoso-
mal genetic variants and removed the rare variants with
minor allele frequency (MAF)<0.01 and variants in the
HLA region (chr6:26000000—34000000).

GWAS for potential mediators

We obtained GWAS data for potential mediating factors
of the effect of COVID-19 on longevity from the Finn-
Gen consortium [14]. The FinnGen consortium was com-
posed of an isolated population with a good phenotype,
the Finnish population, and included more than 500,000
participants [14]. We selected 2803 available pheno-
types from the FinnGen database to perform a mediation
analysis.

Genetic correlation analysis

Based on the pre-computed linkage disequilibrium (LD)
scores from the 1000 Genomes projects, we estimated
the genetic correlation between COVID-19 and longevity
without constraining the intercept using bivariate link-
age disequilibrium score (LDSC) regression [15, 16]. The
statistically significant association after multiple testing is
defined to be P<0.05/3=0.017.
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MR analysis

MR used genetic variants as instrumental variables
(IVs) to assess the causal relationship between expo-
sure and outcome. The randomly allocated process of
alleles of genetic variants is used to simulate random-
ized controlled trials (RCTs) [17, 18]. The alleles of these
instruments are determined at the time of meiosis and
fertilization, thereby minimizing issues of confounding
factors and reverse causality [17]. MR model should meet
three assumptions: (1) the I'Vs are significantly associated
with exposure, (2) the IVs are not associated with any
potential confounder, and (3) the IVs do not affect out-
come independently of exposure [17, 19, 20].

Here, we selected the single nucleotide polymorphisms
(SNPs) that were significantly associated with COVID-19
(P-value <5x107%) as IVs and clumped them by ruling
out linkage disequilibrium (LD) with 7*<0.001 and physi-
cal distance within 10 000 kb. We performed a univariate
MR analysis to calculate the causal estimates of geneti-
cally predicted COVID-19 on longevity using inverse
variance weighted (IVW), weighted median, and gener-
alized summary-data-based Mendelian randomization
(GSMR) methods [17, 21-25]. We utilized MR-Egger to
provide a causal effect through the slope coefficient from
Egger regression and test whether IVs had pleiotropy
[26-28].

Mediation analysis

We applied a two-step MR to calculate the media-
tion effect of 2803 potential mediators from the Finn-
Gen consortium [14]. In the first step, we used IVs for
COVID-19 to estimate the causal effect of COVID-19
on potential mediators. In the second step, we used IVs
for potential mediators to estimate the causal effect of
potential mediators on longevity. We assessed the indi-
rect effect of COVID-19 on longevity via each mediator
using product of coefficients method [29-31]. The stan-
dard error for the indirect effect was derived by using the
delta method [32]. Specifically, the product of coefficients
method is to test whether the indirect effect is significant:
Hy = 3,8 - The standard error of indirect effect is rep-

resented as Sqp =1/ 35;) + iSa. Where 3, repre-

sents the causal effect of step 1, 3, represents the causal
effect of step 2, S, is the standard error of 3 ,, S is the
standard error of 3 ;. The statistically significant pathway
is defined to be P<0.05.

Polygenic overlap

We constructed conditional quantile—quantile (Q-Q)
plots to visualize the cross-trait pleiotropic enrichment
in SNPs associations between COVID-19 and longevity
[33-35]. The conditional Q-Q plots compare the asso-
ciation with primary phenotype (e.g. longevity) within
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SNPs strata determined by the strength of association
with a secondary trait (e.g. COVID-19) [36]. As the pro-
portion of SNPs associated with the primary phenotype
increased in association with the secondary phenotype,
this cross-trait enrichment shifted continuously upward
from the null line in the conditional Q-Q plots [36, 37].

conjFDR statistical framework

We applied condFDR and conjFDR statistical framework
to identify the shared genetic loci of COVID-19 and lon-
gevity [33, 34, 37]. FDR is the probability that a SNP is
null given that its P-value is smaller than its observed
P-value [38]. The condFDR is an extension of standard
FDR, which re-ranks the test-statistics of the primary
phenotype (e.g. longevity) based on a conditional vari-
able, in this case the strength of the association with the
secondary phenotype (e.g. COVID-19) [33, 39]. The con-
jEDR is an extension of condFDR, defined as the maxi-
mum of the two condFDR statistics for a specific SNP
[33, 40]. Under the premise that the P value of both traits
is less than the significance threshold, condFDR statis-
tics estimates the posterior probability that a SNP is null
for either trait or both [33, 34]. P-values are adjusted for
inflation using a genomic inflation control procedure. The
statistically significant loci are defined to conjFDR <0.05.
Further details of the methods could be found in Supple-
mentary Methods.

Genomic loci definition and directions of effect sizes

Independent significant SNPs were identified as SNPs
with LD r?<0.6 and LD blocks <250 kb using the 1000
Genomes Project reference panel [41, 42]. We assessed
the effect directions of the shared loci between COVID-
19 and longevity by comparing their z-scores from the
original GWAS. Where i represents the shared loci, 3
represents the effect coefficient of i, se; is the standard

error of 1.
7. — B
g se;

Functional annotation

We identified genes whose expression were associated
with the shared SNPs at conjFDR<0.05 in expression
quantitative trait loci (eQTL) from the GTEx version 8
(http://gtexportal.org) [43]. P<1E-05 was considered as
significant associations after multiple testing.

Results

Baseline characteristics

A total of 56,504 participants of European ancestry
were included in the study, of which 28,309 (56.05%)
were women (Table 1). The median BMI was 26.3 kg/m”
(13.7-59.1), and the median Townsend deprivation index
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Table 1 Characteristics of study participants

Variable Count (%) Median [Min-Max]
Sex
Female 28,309 (56.05%) -
Male 22,195 (43.95%) -
Age - 60 [39to 72]
BMI - 26.3[13.7t0 59.1]

Townsend deprivation index -
University/college education

-2.69 [-6.26 to 10.46]

No 29,597 (58.6%) -

Yes 20,907 (41.4%) -
Alcohol consumption

No 1278 (2.53%) -

Yes 49,226 (9747%) -
Smoking

No 47,730 (94.51%) -

Yes 2774 (549%) -
Diabetes

No 48,859 (96.74%) -

Yes 1645 (3.26%) -
COVID-19 infection

No 15574 (30.84%) -

Yes 34,930 (69.16%) -
Longevity - 7524510 101]

was —2.69 (-6.26 to 10.46). Regarding education, 58.6%
(29,597) did not have a university or college degree, while
41.4% (20,907) did. Most participants reported current
or ever alcohol consumption (97.47%, 49,226), and 5.49%
(2,774) were current or ever smokers. Diabetes was pres-
ent in 3.26% (1,645) of participants. Regarding COVID-
19 infection, 69.16% (34,930) had been infected (until
September 2023). The median parental longevity was 75
years (24.5-101).

Linear regression analysis
Two linear regression models were constructed to
assess the association between COVID-19 infection and
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longevity, adjusting for various covariates. COVID-19
infection was not significantly associated with longevity
in model 1 (=0.091, SE=0.090, p=0.312) (Table 2). In
model 2, COVID-19 infection was also not significantly
associated with longevity after adjusting for covari-
ates ($=0.102, SE=0.089, p=0.255). BMI (} = -0.118,
SE=0.010, p<0.001), Townsend deprivation index (B =
-0.065, SE=0.016, p<0.001), current or ever smoking (jp
=-0.374, SE=0.181, p=0.0385), and diabetes ( = -1.146,
SE=0.233, p<0.001) were significantly negatively asso-
ciated with longevity, and educational attainment was
positively associated with longevity (f =1.400, SE =0.084,
p<0.001).

Estimating total genetic overlap between COVID-19 and
longevity

We utilized bivariate LDSC regression to estimate the
genetic correlation between three COVID-19 subtypes
and longevity. The critically ill COVID-19 group (r, =
-0.34, P=0.0003) and hospitalized COVID-19 group
(ry = -0.35, P=1.81E-05) were significantly associated
with longevity (Supplementary Table 1). The reported
COVID-19 infection group was suggestively associated
with longevity (r, = -0.22, P=0.023).

Direct effect and indirect effect of COVID-19 on longevity

Given the substantial genetic overlap between COVID-
19 and longevity, we evaluated the causal effects of genet-
ically predicted COVID-19 susceptibility on longevity.
Univariate MR analysis showed a non-significant causal
association between genetically predicted COVID-19
and longevity (P>0.05) (Table 3). The P-values for the
causal effects of both hospitalized COVID-19 (OR =0.86,
95%CI: 0.74-1.00, P=0.055) and severe COVID-19
(OR=0.94, 95%CI: 0.88-1.01, P=0.077) on longev-
ity were close to significant. Importantly, when incor-
porating additional single nucleotide polymorphisms
(SNPs) as genetic instruments, GSMR analysis revealed

Table 2 Linear regression models of the association between COVID-19 infection and longevity

Model 1 Model 2

Variable Estimate std.error P value Estimate std.error P value
Sex 0.032 0.083 0.701 0.033 0.084 0.693
Age 0.388 0.007 <1E-100 0.387 0.007 <1E-100
BMI - - - -0.118 0.010 1.55E-34
Townsend deprivation index - - - -0.065 0.016 3.11E-05
University/college education - - 1.400 0.084 1.86E-62
Alcohol Consumption - - - 0.226 0.261 0.388
Smoking - - - -0.374 0.181 0.0385
Diabetes - - -1.146 0233 9.16E-07
COVID19 Infection 0.091 0.090 0312 0.102 0.089 0.255
Intercept 50.741 0435 <1E-100 53.067 0.582 <1E-100

Model 1 were adjusted for age and gender. Model 2 were adjusted for age, gender, BMI, Townsend deprivation index, education level, smoking, alcohol consumption,

and diabetes history as covariates
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Table 3 Causal effects of COVID-19 on longevity in univariate MR study

Exposure Method No. SNP OR (95%Cl) Pvalue
COVID-19 VW 14 0.78 (0.55-)1.11 0.17
Weighted median 14 0.71 (0.45-1.13) 0.15
GSMR 29 0.78 (0.57-1.06) 0.12
MR Egger 14 0.94 (0.49-1.79) 0.85
very severe COVID-19 VW 28 0.94 (0.88-1.01) 0.077
Weighted median 28 0.94 (0.86-1.02) 0.14
GSMR 49 0.91 (0.84-0. 98) 0.015
MR Egger 28 0.92 (0.82-1.04) 0.20
hospitalized COVID-19 VW 32 0.86 (0.74-1 OO) 0.055
Weighted median 32 0.88 (O 73-1.07) 0.21
GSMR 46 091 (0.8 02) 0.1
MR Egger 32 0.89 (O 67-1.18) 043
The statistically significant association is defined to be P<0.05/3=0.0167 after multiple testing
Table 4 The mediation effect of COVID-19 on longevity via potential mediators
Mediator Indirect effect Mediated Pvalue
B (95% CI) proportion (%)
Major coronary heart disease event -0.042 (-0.088 to 0.0030) 17.33 (0 to 35.90) 0.067
Stroke -0.17 (-0.33t0 -0.014) 70.28 (5.69 to 100) 0.033
Hard cardiovascular diseases -0.080 (-0.17 t0 0.014) 3271 (O to 71.06) 0.095
Heart fail and coronary heart disease -0.12 (-0.25 t0 0.0048) 50.57 (0- 100) 0.059
Myocardial infarction (no controls excluded) -0.076 (-0.17 t0 0.014) (O to 67.61) 0.097
Myocardial infarction -0.084 (-0.16 to -0.0040) 3441 (1.64-67.17) 0.040
Myocardial infarction (strict) -0.068 (-0.14 to 0.0038) 27.76 (0 to 57.09) 0.064
Table 5 Shared loci between COVID-19 and longevity
Phenotypic pairing SNP Gene CHR conjFDR
COVID-19 & longevity 1562062323 KANSL1 17 0.038
critically ill COVID-19 & longevity 1562062323 KANSL1 17 0.0198
hospitalized COVID-19 & longevity rs62062323 KANSLT 17 0.0184
rs9530111 PIBF1 13 0.037

a significant decrease in longevity due to severe COVID-
19 infection (OR=0.91, 95%CI: 0.84—0.98, P=0.015).
MR-Egger intercept analysis indicated no evidence of
pleiotropy.

In order to explore whether COVID-19 susceptibility
would reduce longevity via potential mediators, we con-
ducted a two-step MR. Among the 2803 available pheno-
types from the FinnGen consortium, we identified seven
phenotypes that were significant in two-step MR, i.e.,
COVID-19 had a causal effect on longevity via these phe-
notypes (Table 4). In mediation analysis, we found that
stroke and myocardial infarction were significant mediat-
ing factors and the mediation effects of stroke and myo-
cardial infarction were -0.17 (95% CI, -0.33 to -0.014;
P=0.033) and - 0.084 (95% CI, -0.16 to -0.0040; P =0.040)
with a mediated proportion of 70.28% (95% CI, 5.69 to
100%) and 34.41% (95% CI, 1.64 to 67.17%), respectively
(Table 4).

Visualization of cross-trait enrichment

We generated conditional Q-Q plots to visualize pleio-
tropic enrichment between COVID-19 and longevity. We
observed successive increments of SNP enrichment for
COVID-19 as a function of the significance of the asso-
ciations with longevity, and vice versa, suggesting poly-
genic overlap between them (Supplementary Fig. 1).

Identifying shared genetic loci

At conjFDR <0.05, we identified 1, 1, and 2 genomic loci
jointly associated with COVID-19 infection, critically
ill COVID-19, hospitalized COVID-19 and longevity,
respectively (Table 5; Fig. 2). rs62062323 (KANSLI) was
identified across the three phenotypic pairings simulta-
neously, and rs9530111 (PIBFI) was unique shared loci
of hospitalized COVID-19 and longevity. KANSLI and
PIBF1 were novel for both COVID-19 and longevity,
suggesting the ability of conjFDR statistical framework
to boost the power to discover novel loci. Furthermore,
all these lead SNPs had the opposite effect direction on
COVID-19 and longevity (Supplementary Tables 2—4).



Qiu et al. Journal of Translational Medicine (2025) 23:283

Page 7 of 10
A COVID-19 & Longevity
[
2 s o KANSLH
= R R R R R EE R P YR
S : i
= H 2

T L] L] L] L] T L] L] T T L] T L] L] L] L] T L] T LI L}
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122
Chromosome
B Critically ill COVID-19 & Longevity
2.5 [
2
=~
o)
= 15
=
15}
L
2 1 -
&
-
0.5
Q-
1 L] L] L] L] T L] L] T L] L] 1 L] L] L] 1 T L] L] L]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122
Chromosome
C Hospitalized COVID-19 & Longevity
25 1 °
2
- o KANSL1
@)
=
=
15}
L
o
=R
&
-
05
O-
1 T T L] L] T L] L] T L] L] 1 T L] L] 1 T L] L] L]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 202122
Chromosome

Fig. 2 Manhattan plots of shared genetic variants associated with both COVID-19 and longevity at conjFDR < 0.05. A black circle around the enlarged
data points indicates the lead-SNPs in each LD block



Qiu et al. Journal of Translational Medicine (2025) 23:283

The opposite effect directions were consistent with the
negative genetic correlations.

Functional annotation

The genetic loci shared by COVID-19 and longevity
(rs62062323 and rs9530111) were both located in intron,
so we further annotated them in the Genotype-Tissue
Expression (GTEx). rs62062323 was significantly asso-
ciated with altered expression of 41 genes in 49 human
tissues, including brain, lung, and whole blood (Supple-
mentary Table 5). rs9530111 was significantly associated
with altered expression of KLF5, PIBFI, and DIS3 in cul-
tured fibroblasts, spleen, and thyroid (Supplementary
Table 5).

Discussion

In this study, we employed a novel statistical framework
to investigate the genetic overlap between COVID-19
susceptibility and longevity, and to identify the shared
genetic loci underlying this overlap. Our analysis indi-
cated that COVID-19 might indirectly influence the
likelihood of attaining longevity by increasing the risk
of stroke and myocardial infarction. Moreover, we iden-
tified two novel genomic loci that exhibited joint asso-
ciations with COVID-19 susceptibility and longevity at
conjFDR<0.05. By shedding light on how COVID-19
susceptibility affects longevity, our study provides valu-
able insights into the underlying mechanisms and genetic
factors involved in this relationship.

Previous studies have primarily focused on assessing
the impact of the COVID-19 pandemic on life expec-
tancy by examining population-level mortality result-
ing directly or indirectly from the virus. However, it is
important to consider the long-term effects experienced
by COVID-19 patients, particularly those who have been
hospitalized or critically ill. These individuals may suffer
from Long COVID. Some of the long-term consequences
of COVID-19, such as cognitive impairment and car-
diovascular diseases, have the potential to shorten life
expectancy. For instance, MR analyses utilizing genetic
data have indicated that COVID-19 infection raises the
risk of developing dementia and psychiatric disorders and
dementia has been associated with a reduction in longev-
ity [44, 45]. Additionally, there is evidence suggesting that
individuals who have been infected with COVID-19 may
experience accelerated aging processes [9]. Consequently,
in addition to the direct impact of COVID-19-related
deaths on life expectancy, COVID-19 can also contribute
to a decrease in life expectancy through the long-term
health effects.

For the first time, we assess the shared genetic basis
of COVID-19 and longevity based on a genetic frame-
work. We conducted a MR analysis to examine the causal
relationship between susceptibility to COVID-19 and
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longevity and identify the potential mediating factors
within a separate cohort, the Finnish population. Our
findings revealed that while susceptibility to COVID-
19 might not exhibit a direct causal effect on longev-
ity (only significant in GSMR), it did exert an indirect
influence by increasing the risk of stroke and myocardial
infarction. These cardiovascular conditions were identi-
fied as mediating factors that contribute to the impact of
COVID-19 on longevity. The impact of COVID-19 on the
cardiovascular system has been widely reported [46—50].
The underlying mechanisms are primarily attributed
to inflammatory responses, coagulation abnormalities,
and vascular endothelial damage [51-56]. The SARS-
CoV-2 virus enters host cells via the ACE2 receptor,
which is widely expressed in vascular endothelial cells.
SARS-CoV-2 infection and the associated inflamma-
tory response can damage endothelial cells, impairing
endothelium-dependent vasodilation while promoting
vasoconstriction, inflammation, and thrombosis. These
effects may significantly increase the risk of stroke and
myocardial infarction.

Of the two novel loci found to be shared between
COVID-19 and longevity, one is PIBF (progesterone-
induced blocking factor), a protein that plays a role in
regulating multiple immune responses [57, 58]. PIBF has
been shown to modulate the cytokine IL-6, which has
been observed to be increased in COVID-19 patients
[59]. Interestingly, inhibiting PIBF through immuno-
therapy has been associated with extended longevity
in tumor patients [60, 61]. The second shared locus is
KANSL1 (KAT8 regulatory NSL complex subunit 1),
which encodes a protein involved in chromatin remod-
eling. This locus is also considered a susceptibility locus
for several age-related neurodegenerative diseases,
including Alzheimer’s disease and Parkinson’s disease
[62—64]. While there is no known direct association
between KANSLI, COVID-19, and longevity, previous
studies have indicated that COVID-19 infection may
contribute to aging processes or cognitive decline in the
human brain [65, 66]. These findings highlight the poten-
tial relevance of the identified loci, particularly PIBF and
KANSLI, in understanding the shared genetic mecha-
nisms underlying COVID-19 susceptibility and longevity.

However, it is important to acknowledge the limita-
tions of our study. Firstly, since the UK Biobank is a gen-
eral population cohort and most participants are still
alive, we can only use the parental average longevity as
a proxy for the participants’ own longevity. The lifespan
of participants is highly heritable with respect to their
parents’ lifespan. Using parental lifespan as a proxy for
an individual’s lifespan is common in previous stud-
ies [67-70]. If COVID-19 infection has a genetic com-
ponent, then the genetic variants or genes that make
participants more susceptible to COVID-19 infection
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might also be highly correlated with lifespan. However,
our study focused solely on genetic variants identified
through GWAS data, without considering other potential
factors that could contribute to COVID-19 susceptibility
or longevity, such as environmental or lifestyle factors.
Genetic factors may account for only a small portion of
all factors related to lifespan. Secondly, there is a certain
degree of sample overlap between the COVID-19 and
longevity cohorts, specifically in the UK Biobank cohort.
Fortunately, this sample overlap had minimal impact
on the results of our study. Thirdly, our study primar-
ily investigated the genetic overlap between COVID-19
susceptibility and longevity in individuals of European
ancestry. Therefore, the findings may not generalize to
individuals of other ancestries. Lastly, the two shared loci
we identified, which influence the longevity of COVID-
19 patients, require further validation through biological
experiments. Notably, rs62062323 regulates gene expres-
sion in 49 human tissues, suggesting that COVID-19 may
accelerate biological aging across multiple human tissues
or organs.

In conclusion, while susceptibility to COVID-19 might
not exhibit a direct effect on longevity, it might exert an
indirect influence by increasing the risk of stroke and
myocardial infarction. The identification of two shared
loci holds promise as potential targets for interventions
aimed at addressing the long-term health consequences
of “Long COVID’. Individuals with genetic variants asso-
ciated with higher risk could be prioritized for targeted
interventions. We reiterate that the influence of genetic
factors on lifespan in this study accounts for only a small
portion of the overall effect, and genetic determinism
should be avoided.
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