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Numerous observational studies have elucidated a connection between leukocyte telomere length
(LTL) and sepsis, yet its fundamental cause remains enigmatic. Thus, the current study’s objective

is to employ a bidirectional Mendelian randomization (MR) approach to scrutinize the causality
between LTL and sepsis. We selected single nucleotide polymorphisms (SNPs) associated with LTL
(n=472,174) and sepsis from a genome-wide association study (GWAS), including Sepsis (n= 486,484,
ncase =11,643), Sepsis (28 day death in critical care) (n=431,365, ncase =347), Sepsis (under 75)
(n=462,869, ncase=11,568), Sepsis (28 day death) (n =486,484, ncase =1896), and Sepsis (critical care)
(n=431,365, ncase=1380), as instrumental variables (IVs). The inverse variance weighted (IVW) MR
method was employed as the primary approach, and various sensitivity analyses were conducted to
assess the validity of this instrument and potential pleiotropy. Using the IVW method, we uncovered a
potential causal relationship between genetically predicted LTL reduction and increased susceptibility
to sepsis, with an odds ratio (OR) of 1.161 [95% confidence interval (Cl) 1.039-1.297, p=0.008].
However, reverse MR analysis did not indicate any impact of sepsis on LTL. Our forward MR study
highlights a potential causal relationship between LTL as an exposure and increased susceptibility

to sepsis. Specifically, our findings suggest that individuals with genetically determined shorter LTL
may be at an increased risk of developing sepsis. This may contribute to the development of novel
diagnostic and therapeutic strategies for the prevention, diagnosis, and treatment of sepsis.

Abbreviations

CI Confidence interval

GWAS Genome-wide association studies
v Instrumental variable

IVW Inverse variance weighted

LTL Leukocyte telomere length

LD Linkage disequilibrium

MR Mendelian randomization
MR-PRESSO  Mendelian Randomization Pleiotropy Residual Sum and Outlier
OR Odds Ratio

SNP Single nucleotide polymorphisms
Sepsis75 Sepsis (under 75)

Sepsis28 Sepsis (28 day death)

SepsisC Sepsis (critical care)

Sepsis28C Sepsis (28 day death in critical care)
TL Telomere length

Sepsis is a potentially fatal illness that develops when the body’s reaction to infection is mismanaged and causes
organ malfunction'. Around 90,000 fatalities attributed to sepsis resulted from an estimated 480,000 sepsis
cases worldwide in 2017, according to the Institute for Health Metrics and Evaluation (IHME), a research center
focusing on health metrics and evaluation®. Sepsis often results in the impairment of multiple organ functions
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throughout the body, leading to various complications. The location and kind of infection, a person’s inflamma-
tory response, treatment efficacy, and other factors affect the severity and prognosis of sepsis. Given the high
incidence and mortality rates of sepsis, enhancing its prevention, recognition, and treatment is of paramount
importance®. Early identification of risk factors is widely acknowledged as crucial for sepsis intervention*.

The protective structures known as telomeres are found at the brink of linear chromosomes, including
DNA repeat sequences and specific DNA-binding proteins®. A hallmark of biological aging is the length of the
telomere®’. Because the cell replication machinery cannot completely replicate the chromosome ends, each
cell division results in the loss of 50-100 base pairs. Therefore, as cells age, Telomere length (TL) continuously
decreases. TL has become medicine’s most widely accepted individual biological age measurement standard®.

Telomere shortening is associated with immune dysfunction and is, therefore, considered a marker of immu-
nological aging’. Existing data suggest a close relationship between TL and inflammation and the immune system,
indicating a potential connection between TL and sepsis. An animal experiment’s results have shown that after
lipopolysaccharide (LPS)-induced acute lung injury (ALI), telomeres in rat heart tissue exhibited shortening,
suggesting that sepsis may affect TL in the chromosomes of the animal’s heart'®. Recent research assessed varia-
tions in leukocyte telomere length (LTL) during 7 days in 40 critically sick patients, finding that LTL shortened
in 21 patients, lengthened in 11, and remained unchanged in the rest of the patients. However, this study did not
establish a clear association between these changes and clinical outcomes''. Additionally, an observational study
reported a correlation between shorter LTL and higher mortality rates, particularly in sepsis patients, among
critically ill patients. This study conducted a prospective observation of 937 critically ill patients and validated
it in a squad of 394 sepsis critically ill patients'2.

Increasing evidence suggests an association between LTL and sepsis. However, due to potential confound-
ers or reverse causation, biases in the observed relationship between sepsis and LTL may exist in observational
studies'®. Therefore, whether sepsis is a cause or a consequence of telomere shortening remains unclear. Mende-
lian randomization (MR) can overcome these limitations; it is a robust instrumental variable (IV) method that
examines causal relationships between exposure and outcome phenotypes using genetic diversity obtained from
population genetics as an IV'*!, Single nucleotide polymorphisms (SNPs) are randomly assigned at conception,
independent of confounding factors, making MR comparable to randomized controlled trials (RCTs)". Addi-
tionally, individuals are largely unaware of their genotypes at the detected loci, helping to mitigate biases related
to individual functional differences. Moreover, it is well-established that the pathway from genomic sequence
to transcription translation into complex phenotypes is unidirectional, thus MR addresses the potential for
reverse causation'®. Our study aims to assess the bidirectional relationship between LTL and sepsis within the
framework of a two-sample MR study (Fig. 1). To ensure that MR assumptions are not violated, several steps are
taken. Firstly, horizontal pleiotropy analysis is conducted to account for any direct impacts of IVs on the outcome,
even in the absence of the exposure of interest'®. Secondly, SNPs in linkage disequilibrium (LD) are removed to
minimize confounding by IVs associated with causal variants?®?!. Thirdly, restricting the study population to
the same racial background helps mitigate inherent differences between different populations (confounders).

Materials and methods

Study design

The study utilized a bidirectional MR design to investigate the correlation between LTL and sepsis, as illustrated
in Fig. 2. Multiple MR analyses are conducted using summary statistics from genome-wide association studies
(GWAS) to investigate the bidirectional relationship between LTL and sepsis. The forward MR analysis entailed
the consideration of LTL as the exposure and sepsis as the outcome. Conversely, in the reverse MR analysis, the
roles of the exposure and outcome variables were inverted. The soundness of MR analysis is predicated upon
three essential suppositions: (1) the genetic variants used in the analysis should be significantly associated with
the exposure; (2) the genetic variants extracted as exposure IVs should be unrelated to confounders associated
with the chosen exposure and outcome; (3) genetic variants should affect the outcome only through the exposure
and not through other biological pathways (i.e., no horizontal pleiotropic effects)'®*:. The data utilized in this
study originate exclusively from GWAS and publicly available data from existing literature. No novel investi-
gations involving human or animal subjects were conducted by any authors of this study. Specifically, the UK
Biobank research involving biological samples has obtained approval from the Northwest Multicenter Research
Ethics Committee (Application 11/N'W/0382). Participants have provided written informed consent, granting
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Figure 1. Core diagram for exploring the association between LTL and sepsis.
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Figure 2. An explanation of the bidirectional MR research’s study design.

permission for the utilization of their medical records and samples for research purposes related to health.
The consent statement can be found at https://www.ukbiobank.ac.uk/media/05ldglez/consent-form-uk-bioba
nk.pdf*. Additionally, this study strictly adheres to the fundamental principles outlined in the STROBE-MR
(Strengthening the Reporting of Observational Studies in Epidemiology—Mendelian Randomization), aimed at
gaining a more accurate and in-depth understanding of this specific field** (Supplementary Materials).

Instrumental variable selection for MR analysis

The appropriate IVs for the MR analysis were selected from 6 different GWAS summary-level databases (Sup-
plementary Table S1). First, SNPs were chosen based on a genome-wide significance threshold (p <5x107%).
Next, SNPs with an LD of R?<0.001 were retained®. Palindromic SNPs with intermediate allele frequencies
were deleted during data harmonization, while SNPs associated with the outcome with p <5x 1078 were omitted.
When harmonizing exposure and outcome data, SNPs with allele frequencies in the middle were removed. With
the aid of F-statistics, we calculated the instruments’ strength. An F-value less than 10 indicates low instrument
strength?®.

Data source and instrumental variable selection for LTL

The I'Vs related to LTL were extracted from the largest GWAS conducted to date, encompassing 472,174 individu-
als aged between 40 and 69. The gender distribution in the study was approximately equal, with 45.8% being male
and 54.2% being female. Self-reported ethnicity of the participants predominantly indicated European descent
(94.3%), with a minority representation of Asians (1.9%), Black individuals (1.5%), Chinese (0.3%), mixed race
(0.6%), and other ethnic backgrounds (0.9%). Additionally, the study incorporated adjustments for age, gender,
and ethnicity?”. We specifically selected independent SNPs (R?<0.001) that achieved genome-wide significance
(p<5x107%) in this GWAS as IVs for LTL and assessed the strength of each IV using F-statistics.

Data source and instrumental variable selection for sepsis

We selected 5 GWAS datasets from the IEU OpenGWAS database, representing research on sepsis. These data-
sets are named sepsis, sepsis (28 day death in critical care) (sepsis28C), sepsis (critical care) (sepsisC), sepsis
(28 day death) (sepsis28), and sepsis (under 75) (sepsis75). The participants in these studies are primarily of
European descent, encompassing both male and female individuals. Researchers employed Regenie v2.2.4 for
GWAS data analysis, adjusting for age, gender, chip type, and the first 10 principal components of the analysis
(further details can be found in Supplementary Table S1)**%. For the reverse MR analysis, to enhance statistical
power, we chose a significance threshold of p <5 x 1076 for SNP selection, a commonly used threshold in many
MR studies®. Furthermore, we conducted an assessment of LD (R*<0.001) and evaluated each genetic instru-
ment’s power using the F-statistic.

Statistical analysis

The major statistical method employed in our study was the random-effects inverse variance weighted (IVW)
approach®, which was utilized to investigate possible bidirectional causal relationships between LTL and sep-
sis. The meta-analysis technique of IVW transforms the impact of the IV on exposure effects into a weighted
regression, with the intercept set to zero. In the absence of horizontal pleiotropy, IVW can provide unbiased
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estimates by mitigating the influence of confounders®"*2. It must be acknowledged that the effectiveness of the

IVW method relies on the validity of all core assumptions of MR. If these fundamental assumptions are not met,
the IVW method may introduce bias. For instance, the presence of invalid SNPs or horizontal pleiotropy can lead
to bias. Therefore, we also conducted other methods such as MR-Egger, Weighted median, Weighted mode, and
Simple mode to ensure precise causal estimations despite the existence of these concerns®**. The MR-Egger is
capable of identifying and correcting for multicollinearity, assuming that the IVs included satisfying the instru-
ment strength independent of the direct effect (INSIDE) assumption, which posits independence between the
exposure to the instrument and the association of the instrument with the outcome®. The weighted median
method can provide precise and reliable effect estimates if at least 50% of the data from effective instruments are
available®. For genetic instruments violating the assumption of pleiotropy, the weighted mode method proves
to be adaptive. The simple mode offers robustness against pleiotropy, although its performance may not match
that of the IVW method"’.

The R? value was computed to indicate the proportion of genetic variation that accounts for the exposure
variable under the correlation assumption?'. In this study, a series of sensitivity analyses were conducted to
ascertain whether the heterogeneity and pleiotropy of the included IVs would introduce bias in the MR results,
ensuring the robustness of our statistical findings. Cochran’s Q statistic was employed to assess the heterogeneity
of the IVW and MR-Egger methods, with a p<0.05 indicating potential heterogeneity*. We utilized the MR-
Egger regression intercept along with its corresponding 95% confidence interval (CI) to assess and correct for
potential bias arising from chance estimation errors due to horizontal pleiotropy. When horizontal pleiotropy is
absent, the intercept will tend to approach zero®”*. Additionally, we employed the Mendelian Randomization
Pleiotropy Residual Sum and Outlier (MR-PRESSO) global test and outlier test to assess horizontal pleiotropy
and identify potential outliers®. Causal relationships between LTL and sepsis were ascertained through scatter
plots, and the possibility of horizontal pleiotropy was assessed by implementing funnel plots. Finally, sensitivity
analyses, including leave-one-out analyses, were conducted to determine whether individual SNPs had an impact
on the main causal associations*.

The establishment of statistical significance was based on the criterion that the two-sided P-value was below
0.05. Statistical analyses, data output, and visualization were all performed using the “MendelianRandomization”
package?!, the “TwoSampleMR” package*?, and the “MR-PRESSO” package® in R version 4.3.0.

Results

Instrumental variables

Figure 2 presents the IVs used in this study. Ultimately, we identified 151 SNPs linked to LTL, 15 SNPs correlated
with sepsis, 7 SNPs linked to sepsis 75, 16 SNPs associated with sepsis28, 8 SNPs connected to sepsisC, and 10
SNPs associated with sepsis28C. Additionally, we conducted a strength analysis on the IVs above, and the results
indicated that the F-statistics for all SNPs exceeded 20, suggesting the robustness of this study against weak IV
bias. For further details, please refer to Supplementary Table S2.

The causal effect of LTL on sepsis

We employed the IVW causal analysis method to establish the association between LTL as an exposure and sepsis.
The study findings (Fig. 3) reveal a significant correlation between LTL and susceptibility to sepsis (p =0.008,
Supplementary Table S3). Specifically, a one standard deviation decrease in genetically predicted LTL is associated
with a 1.161-fold increase in the risk of sepsis [Odds Ratio (OR) 1.161 (95% CI 1.039-1.297)]. Additionally, the
Weighted mode method yielded a similar estimate of the causal effect [OR 1.254 (95% CI 1.045-1.505), p=0.016].
Although MR-Egger method [OR 1.222 (95% CI 1.002-1.491), p =0.050], Weighted median method [OR 1.110
(95% CI 0.937-1.315), p=0.228], and Simple mode method [OR 1.273 (95% CI 0.887-1.828), p=0.193] all
exhibited similar patterns in estimating causal effects, they lacked statistical significance in elucidating the rela-
tionship between LTL and the incidence of sepsis. In conclusion, the forward MR analysis indicates an association
between genetically predicted shorter LTL and an increased incidence of sepsis.

It is worth noting that we found no significant associations between LTL and sepsis75 [OR 1.072 (95%
CI0.961-1.197), p=0.212], sepsis28 [OR 1.049 (95% CI 0.820-1.342), p=0.701], sepsisC [OR 1.127 (95% CI
0.844-1.506), p=0.419], and sepsis28C [OR 1.414 (95% CI 0.783-2.554), p=0.251]. The outcomes derived from
the simple mode, weighted mode, weighted median, and MR-Egger methods demonstrate concordance with the
aforementioned observations (Supplementary Table S3).

When analyzing the causal relationship between LTL and sepsis, we observed heterogeneity among the
instruments for sepsis (IVW: Q=181.215, p=0.042; MR-Egger: Q=180.768, p=0.039) and sepsis75 (IVW:
Q=185.287, p=0.027; MR-Egger: Q=183.227, p=0.030) as indicated by Cochran’s Q test. However, the p-values
for Cochran’s Q test for sepsis28, sepsisC, and sepsis28C were all greater than 0.05, suggesting no significant
heterogeneity. Additionally, we performed a comprehensive MR-PRESSO examination, which did not detect
any aberrant data points. Importantly, the sensitivity analysis conducted via the MR-Egger intercept test did
not reveal any discernible signals of horizontal pleiotropy (Supplementary Table S4, p>0.05). Elaborate scatter
plots, funnel plots, and leave-one-out plots pertaining to the causal effect analysis of LTL on sepsis are available
in Supplementary Fig. S1. The above statistical results indicate the stability of the forward MR analysis findings.

The causal effect of sepsis on LTL

Figure 4 depicts the results of MR analysis regarding the causal relationship between sepsis as an exposure and
LTL. According to the IVW analysis results (Supplementary Table S3), there is no substantial evidence supporting
a genetically predicted causal relationship between sepsis (3 =0.008, SE=0.007, p=0.265), sepsis75 (p=0.025,
SE=0.157, p=0.116), sepsis28 (p=0.004, SE=0.004, p=0.358), sepsisC (B= —0.002, SE=0.004, p=0.546), and
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Outcome Method nSNP P value OR95CI
Sepsis MR Egger 151 0.050 - 1.222(1.002-1.491)
Weighted median 151 0.228 *:I— 1.110(0.937-1.315)
Inverse variance weighted 151 0.008 - 1.161(1.039-1.297)
Simple mode 151 0.193 .- 1.273(0.887-1.828)
Weighted mode 151 0.016 i—-— 1.254(1.045-1.505)
Sepsis (under 75) MR Egger 151 0.078 e 1.194(0.981-1.452)
Weighted median 151 0.318 - 1.086(0.923-1.278)
Inverse variance weighted 151 0.212 ’:l- 1.072(0.961-1.197)
Simple mode 151 0.928 — 1.018(0.693-1.496)
Weighted mode 151 0.060 E—-— 1.207(0.994-1.465)
Sepsis (28 day death) MR Egger 151 0.974 —— 1.007(0.649-1.565)
Weighted median 151 0.633 —-— 0.906(0.604-1.359)
Inverse variance weighted 151 0.701 —:I— 1.049(0.820-1.342)
Simple mode 151 0.096 —=—- 0.462(0.187-1.139)
Weighted mode 151 0.614 —-—— 0.885(0.550-1.422)
Sepsis (critical care) MR Egger 151 0.103 4:—-— 1.543(0.919-2.590)
Weighted median 151 0.060 —. 1.559(0.981-2.479)
Inverse variance weighted 151 0.419 —:*I— 1.127(0.844-1.506)
Simple mode 151 0.218 ——=—> 1.961(0.674-5.702)
Weighted mode 151 0.067 —.— 1.642(0.969-2.780)
Sepsis (28 day death MR Egger 151 0.879 —IE— 0.921(0.320-2.653)
in critical care) Weighted median 151 0.830 —=——  0.898(0.338-2.388)
Inverse variance weighted 151 0.251 —— 1.414(0.783-2.554)
Simple mode 151 0.059 J:—> 8.753(0.938-81.651)
Weighted mode 151 0.701 —. 0.800(0.256-2.502)
|
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Figure 3. The forward MR was used to investigate the causal relationship between LTL and sepsis.

sepsis28C (B =0.001, SE=0.002, p=0.709) with LTL. The outcomes obtained through the simple mode, weighted
mode, weighted median, and MR-Egger methods (Supplementary Table S4, p>0.05) all align with the IVW
findings.

To further validate the robustness of our results, we conducted heterogeneity and pleiotropy analyses. Both
the Cochran’s Q test and MR-Egger intercept test results showed p-values greater than 0.05, providing almost
no evidence of heterogeneity and horizontal pleiotropy among different I'Vs. In the global MR-PRESSO test, we
detected and recorded excluded outliers (Supplementary Table S4). Furthermore, even when excluding individual
SNPs, the leave-one-out analysis results remained stable (Supplementary Fig. S2), indicating the robustness of
the findings. Scatter plots and funnel plots are provided in the Supplementary Fig. S2.

Discussion

An in-depth bidirectional MR analysis using the most comprehensive GWAS database was conducted to inves-
tigate the causal relation between LTL and sepsis. As per the outcomes of the forward MR analysis, a genetically
forecasted reduction in LTL is linked to an elevated vulnerability to sepsis. This finding is consistent with previous
observational studies. The four alternative statistical methods, apart from the IVW method, also exhibit similar
patterns in estimating causal effects. Despite p-values > 0.05, we endorse the perspective proposed by Sterne JA
and Davey Smith G*, advocating that reporting in medical research should move away from a sole focus on
the significance of results and shift towards interpreting study outcomes within the context of study design and
other available evidence*!. Furthermore, it is noteworthy that no substantial correlations were detected between
LTL as exposure and the subtypes sepsis75, sepsis28, sepsisC, and sepsis28C. Through sensitivity analyses, we
further ensured the reliability of the study’s findings. In the reverse MR analysis, there remained a lack of defini-
tive evidence establishing sepsis as an exposure with a causal association with LTL.

It is important to note that the Third International Consensus Definitions Workgroup defines sepsis as “life-
threatening organ dysfunction caused by a dysregulated response to infection*”. To gain a more comprehensive
understanding of the relationship between LTL and sepsis, further research is warranted. In this investigation,
we utilized bidirectional MR for the inaugural occasion, with the intention of exhaustively evaluating the causal
nexus between LTL and sepsis. Prior to this, several studies had explored the relationship between TL and sep-
sis. A prospective study has observed that most patients experiencing acute stress exhibit telomere shortening,
indicating a potential association between telomere shortening and sepsis diagnosis. Furthermore, it has been
noted that there is no correlation between mortality rates of intensive care unit (ICU) hospitalized patients and
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Exposure Method nSNP P value OR95CI
Sepsis MR Egger 15 0.446 = 1.010(0.985-1.036)
Weighted median 15 0.716 —_—— 1.004(0.983-1.026)
Inverse variance weighted 15 0.265 - 1.008(0.994-1.023)
Simple mode 15 0.768 <—-—E— 0.995(0.962-1.029)
Weighted mode 15 0.943 —_— 1.001(0.973-1.030)
Sepsis (under 75) MR Egger 7 0.119 — 1.079(0.997-1.169)
Weighted median 7 0.144 %.—> 1.027(0.991-1.063)
Inverse variance weighted 7 0.116 —_—> 1.025(0.994-1.057)
Simple mode 7 0.199 —i—-—> 1.044(0.985-1.107)
Weighted mode 7 0.236 ——=—> 1.038(0.982-1.097)
Sepsis (28 day death) MR Egger 16 0.533 — 0.994(0.975-1.013)
Weighted median 16 0.948 —+— 1.000(0.991-1.009)
Inverse variance weighted 16 0.358 —— 1.004(0.996-1.012)
Simple mode 16 0.783 — 0.998(0.985-1.012)
Weighted mode 16 0.783 _'5_ 0.998(0.985-1.012)
Sepsis (critical care) MR Egger 8 0.369 —_— 0.991(0.972-1.010)
Weighted median 8 0.516 —lw:— 0.997(0.988-1.006)
Inverse variance weighted 8 0.546 —— 0.998(0.991-1.005)
Simple mode 8 0.586 — 0.996(0.981-1.010)
Weighted mode 8 0.591 —I-E— 0.996(0.981-1.011)
Sepsis (28 day death MR Egger 10 0.347 —— 1.005(0.995-1.015)
in critical care) Weighted median 10  0.265 - 1.003(0.998-1.007)
Inverse variance weighted 10 0.709 —:I- 1.001(0.997-1.005)
Simple mode 10 0.264 = 1.005(0.997-1.013)
Weighted mode 10 0.289 —i—I— 1.004(0.997-1.012)
!
T f 1
0.95 1 1.05

Figure 4. The reverse MR was used to investigate the causal relationship between sepsis and LTL.

TL!". Another prospective observational study revealed that shorter TL in peripheral blood leukocytes is asso-
ciated with severe acute respiratory distress syndrome (ARDS) (OR 2.5, 95% CI 1.1-6.3 per 1 kb TL decrease;
p=0.044). This study suggests that telomere dysfunction may contribute to the occurrence of critical illnesses'?.
These conclusions align with the findings of the present MR study.

In contrast, some existing traditional observational studies present conclusions inconsistent with those of
this study. A prospective study conducted in 2017, involving 75,309 participants, found an association between
shorter LTL and increased risk of hospitalization due to infection and pneumonia. However, the stratified analysis
indicated that TL was unrelated to the risk of developing sepsis*. Based on the positive MR results of this study,
we are inclined to believe that traditional observational studies may struggle to overcome potential confounders
or reverse causation interference.

Furthermore, while investigating the relationship between LTL and sepsis, we should also focus on the role
of LTL shortening in physiological and pathological processes. In fact, telomere shortening is often considered a
result of oxidative damage in the context of stress response®’. Interestingly, Yokoo et al. found that exposure to a
source of vitamin C led to a reduction in telomere shortening in human skin keratinocytes*. Similarly, research
by Tanaka and others indicated that the rate of telomere shortening in human brain cells slowed down when
exposed to phosphorylated alpha-tocopherol*. The imbalance between oxidative stress and the antioxidant
system is considered one of the contributors to the systemic inflammatory response syndrome®. There is an
interaction between telomere shortening, oxidative stress, and inflammation, which may partially explain the
pathophysiological events following sepsis.

Numerous studies have observed associations between shortened LTL and conditions such as Alzheimer’s
disease, atherosclerotic diseases®?, type 2 diabetes?, and cancer™, which are also relatively common in sepsis
patients. Recent research has indicated that biological age holds more therapeutic value than chronological age,
as it is believed to offer a more precise prediction of health aging®®>*. Given the relationship between LTL and
aging, our research findings similarly substantiate an association between biological age and the risk of sepsis.
Shortened LTL may potentially heighten the risk of sepsis, even when it may be unrelated to chronological age, as
LTL is currently recognized as a reliable biomarker of biological age’. Biological age is influenced by various vari-
ables, including high-density lipoprotein (HDL) and body mass index (BMI)’. These factors are considered risk
factors for sepsis, and a relationship between LTL and biological age has been substantiated'***. Consequently,
LTL may emerge as a critical component in establishing a novel sepsis risk prediction system. In other words, the
link between shorter LTL and an elevated sepsis risk may be an unexpected discovery between chronic diseases,
cellular aging, and immune function. While feasible strategies to directly alter LTL is currently lacking, it has
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been demonstrated that adopting a healthy lifestyle can improve LTL***”. Causality testing provides another
epidemiological piece of evidence that supports the hypothesis that shorter LTL may heighten the risk of sepsis.
This discovery also suggests that integrating LTL into preventive and management strategies may contribute to
a more precise prediction of an individual’s risk of sepsis. This offers a new perspective for personalized medical
care and the development of public health policies, particularly in addressing health challenges associated with
population aging.

It must be acknowledged that establishing a causal relationship between LTL and susceptibility to sepsis
solely through observational studies is challenging. Patients with shorter telomeres may exhibit compromised
infection regulation, which could increase their susceptibility to infections, offering a potential explanation for
the association between the two. Shortened LTL may be accompanied by genomic instability, reduced cell pro-
liferation, decreased production of T lymphocytes and B lymphocytes due to cellular aging, and adverse effects
on immune function, all of which might contribute to an elevated risk of sepsis. Additionally, this could lead to
a cytokine storm, exacerbating sepsis and further shortening telomeres. All of these factors have been widely
discussed in the literature previously*®*®*. Another explanation lies in the existence of distinct white blood cell
subpopulations within sepsis patients, which may impact the analysis of total TL due to changes in white blood
cell proportions. It is important to note that TL changes depend on the rate of replication, and whether TL found
in white blood cells can represent TL in other organ tissues remains unclear***’. Consequently, mitigating the
introduction of confounders has been a challenge in all prior observational studies. In contrast, the research
design of this study is superior, as it can leverage MR methods to demonstrate certain causal relationships,
thereby reducing the potential for bias.

Based on the outcomes of the reverse MR analysis, it was ascertained that there exists no significant causal
link between sepsis as an exposure and LTL. A recent prospective study assessed changes in TL in critically ill
patients on the first and seventh days of admission, involving 40 critically unstable patients. Nonetheless, this
investigation did not succeed in illustrating a notable correlation between alterations in TL and any outcome
measures'!. This finding further reinforces the conclusions drawn from our retrospective MR analysis. While
prospective studies afford observations of TL alterations in actual patients, the results fail to demonstrate a sig-
nificant association between these changes and specific clinical outcomes. This may suggest that the impact of
sepsis on LTL is subject to modulation by other factors or potential confounding influences.

In our research, bidirectional MR has been employed. In comparison to conventional observational studies,
its principal advantage lies in the emulation of the observational environment of randomized controlled trials.
Although randomized controlled trials have gained widespread acceptance, their implementation is often costly
and challenging, potentially entailing ethical concerns. MR effectively circumvents confounding bias introduced
by random SNP allocation during pregnancy and mitigates the influence of reverse causality. Additionally, we
utilized publicly available large-scale genomic data in our study, enhancing the stability and generalizability of
the research outcomes. Furthermore, employing MR methodology allows us to assess the magnitude of causal
effects, potentially influencing clinical and public health decision-making significantly. However, we acknowl-
edge certain inherent limitations in this study. Firstly, the data primarily stem from participants of European
descent, which could introduce bias for other racial and ethnic populations. To enhance the generalizability of
our research findings, further validation with more diverse population samples is imperative. Secondly, in forward
MR analysis, the Cochran’s Q statistic reveals that heterogeneity remains significantly high, and manual checks
of instrument validity using Phenoscanner have not been conducted. Although the results from all methods are
reliable, potential bias may persist due to limited genetic resources or sample overlap between exposures and
outcomes. Finally, this study can only partially elucidate the pathogenic role of LTL on sepsis, as LTL is influ-
enced by a confluence of factors, including genetics, environment, lifestyle, and epigenetics, all of which need
consideration in the study.

In summary, our study utilizes the MR technique to illuminate the causal connection between LTL and
sepsis, showcasing its unique advantages. Despite the presence of certain limitations, such as the bias in the
racial composition of the data source, our research provides a fresh perspective for understanding the biologi-
cal significance of LTL and its potential clinical relevance. Future research endeavors should be dedicated to
overcoming the aforementioned limitations, including but not limited to enhancing the external validity and
representativeness of studies by acquiring larger sample sizes. Additionally, a more comprehensive consideration
of various factors is imperative to minimize confounding variables. The objective of this research direction is
to deepen our understanding of the fundamental relationship between LTL and sepsis. Through this in-depth
analysis, our aim is to offer novel diagnostic and therapeutic strategies for the prevention and treatment of sepsis.

Conclusions

This study employed bidirectional MR analysis, with the forward MR analysis establishing a potential causal rela-
tionship between LTL as exposure and susceptibility to sepsis. Specifically, it suggests that genetically predicted
shorter LTL may increase susceptibility to sepsis. The reverse causality hypothesis, however, is not supported. To
gain a deeper understanding of the causal interplay between LTL and sepsis, as well as the underlying mechanisms
involved, further extensive research is imperative.

Data availability
The original contributions presented in the study are included in the article/Supplementary Material, further
inquiries can be directed to the corresponding author.
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