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Genetic liability to human serum
metabolites is causally linked to
telomere length: insights from
genome-wide Mendelian
randomization and metabolic
pathways analysis
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Background: Telomere has been recognized as a biomarker of accelerating
aging, and telomere length (TL) shortening is closely related to diverse chronic
illnesses. Human serum metabolites have demonstrated close correlations
with TL maintenance or shortening in observational studies. Nevertheless,
little is known about the underlying pathological mechanisms, and Mendelian
randomization (MR) analysis of serum metabolites may provide a more
comprehensive understanding of the potential biological process.

Methods: We employed a two-sample MR analysis method to assess the causal
links between 486 serum metabolites and TL. We applied the inverse-variance
weighted (IVW) approach as our primary analysis, and to assure the stability and
robustness of our results, additional analysis methods including the weighted
median, MR-Egger, and weighted mode were conducted. MR-Egger intercept
test was utilized to detect the pleiotropy. Cochran’s Q test was implemented
to quantify the extent of heterogeneity. Furthermore, the pathway analysis was
conducted to identify potential metabolic pathways.

Results: We identified 11 known blood metabolites associated with TL.
Among these metabolites, four were lipid (taurocholate, dodecanedioate,
5,8-tetradecadienoate, and 15-methylpalmitate), one amino acid (levulinate
(4-oxovaleate)), one carbohydrate (lactate), one nucleotide (pseudouridine), one
energy (phosphate), and three xenobiotics (2-hydroxyacetaminophen sulfate,
paraxanthine, and ergothioneine). The known protective metabolites included
levulinate (4-oxovaleate), dodecanedioate, 5,8-tetradecadienoate, lactate,
phosphate, paraxanthine, and ergothioneine. Multiple metabolic pathways have
been identified as being implicated in the maintenance of telomere length.

Conclusion: Our MR analysis provided suggestive evidence supporting the causal
relationships between 11 identified blood metabolites and TL, necessitating
further exploration to clarify the mechanisms by which these serum metabolites
and metabolic pathways may affect the progression of telomeres.
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1 Introduction

Telomeres are particular nucleoprotein structures consisting of
repetitive TTAGGG sequences located at the terminal of linear
chromosomes (1). On account of the unique biological character in
sustaining chromosomal stability and integrity, preventing coalescence
of chromosomal ends, and dictating cell proliferative history (2),
telomeres have been widely acknowledged as a reliable biomarker for
evaluating survival, stress, and senility (3-5). Telomere length (TL) is
linked to diverse aging-related disorders, such as diabetes mellitus (6),
cancer (7), cardiovascular diseases (8), Alzheimer’s disease (9), and
obesity (10).

Previous research has indicated that the acceleration of TL
shortening is mainly attributed to oxidative stress, immune responses,
and metabolism factors, which promote cell renewal and facilitate the
replication of senescent cells (11-15). Currently, accumulating
evidence has indicated that various serum metabolites might
be associated with telomere biological processes. Previous research
performed by Nie et al. showed that maternal urinary specific
polycyclic aromatic hydrocarbon (PAH) metabolite was negatively
associated with cord blood TL and neonatal neurobehavioral
development (16). Another study performed by Pusceddu et al.
suggested a functional correlation between one-carbon metabolism
and TL. In addition, they reported the availability of nucleotides and
methylation groups seems to impact TL (17). Interestingly, a meta-
analysis demonstrated that obesity accelerated leukocyte TL
shortening in apparently healthy adults (18). Moreover, another study
showed that metabolic syndrome traits, such as overweight and
obesity, might facilitate the development of aging-related degenerative
disorders through accelerating telomere shortening (19). Obesity
stimulates oxidative stress, encompassing the production of reactive
oxygen species (ROS), O,, and H,0,, causing telomere DNA damage
and oxidation of telomerase, which subsequently results in a loss of
duplication capability and accelerates the decrease of TL. In contrast,
Niu et al. reported a positive association between nicotinamide
mononucleotide (NMN) and TL maintenance, suggesting the
administration of oral NMN supplementation during the pre-aging
phase may potentially serve as an effective strategy for delaying the
aging process (20). Taken together, concerning the predisposition of
observational studies to underlying control bias and reversed causality
(21), further investigation into the potential causal link between
genetically determined human blood metabolites and TL is
still needed.

Mendelian randomization (MR) is a novel epidemiology approach
that leverages genetic effects to assess the inference of causality
between exposures and outcomes (22). This method utilizes random
genes as mediation instruments. The evidence of causal correlations
provided by the MR research is similar to randomized controlled trials
(RCTs) (23). The random assignment of genotypes during gamete
fusion in MR analysis decreases the underlying influence of
confounding factors and reversed causality (24). A previous meta-
analysis of a genome-wide association study (GWAS) was performed
to investigate the genetic basis for 486 human blood metabolites (25),
offering an opportunity to assess the potential causality of some
diseases associated with metabolic factors. For example, a previous
MR study showed that genetically elevated levels of specific blood
metabolites exhibited causal effects on the risk of polycystic ovary
syndrome (PCOS) (26). Additionally, another MR study showed that
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targeted interventions of specific serum metabolites or gut microbiota
could mitigate the risk of heart failure (27). Thus, by conducting a
two-sample MR analysis, we could systematically evaluate the
underlying causal links between serum metabolites and TL.

In this study, we aimed to employ a large-scale genetic association
study to comprehensively analyze the underlying causal associations
between genetically determined serum metabolite levels and TL, and
to assess pooled metabolic pathways. Our findings will provide
important implications for a better understanding of the association
between serum metabolites and the development of telomeres.
Elucidating these causal associations will provide greater insights and
explore the biological mechanism of TL maintenance or shortening.

2 Materials and methods

2.1 Study design

The flowchart of our study is displayed in Figure 1. We conducted
two-sample MR analyses to assess the causal links between 486 human
serum metabolites and TL by employing GWAS summary statistics,
with detailed characteristics and information displayed in
Supplementary Table S1. The detailed steps included the following
three steps: (1) Eligible SNPs associated with 486 blood metabolites
were extracted according to the specified threshold criteria. (2) The
two-sample Mendelian randomization method was utilized to analyze
the relationships between serum metabolites and telomere length one
by one. (3) Sensitivity analysis was performed on the results of MR
estimates. Additionally, to improve the reliability and robustness of the
MR analysis results, instrumental variables were extracted to fulfill the
following three assumptions. Firstly, the instrumental variables must
be strongly linked to human blood metabolites. Secondly, no
confounders are associated with the instrumental variables. Thirdly,
the instrumental variables influence the outcome only through
exposure and there are no other causal pathways for the instrumental
variables to affect the outcome (28). We extracted genetic instrumental
variables for each blood metabolite to detect the causality between
each human blood metabolite and TL. The application of publicly
accessible GWAS summary datasets obviated ethical approval. Our
MR analysis and sensitivity analysis were performed with the R
packages “Two Sample MR” and “MR-PRESSO” (version 4.2.3).

2.2 Data sources

2.2.1 Human blood metabolite sample

The metabolite datasets involved in this study were obtained from
a genome-wide association study conducted by Shin et al. (25). The
blood metabolites in the whole genome-wide association study
(GWAS) data were acquired from the Metabolomics GWAS server.!
The study comprised a total of 7,824 individuals of European ancestry
and approximately 2.1 million SNPs, encompassing 1768 individuals
from the KORA F4 study in Germany and 6,056 from the UK Twin
Study. The unknown status was assigned to 177 out of the 486

1 https://metabolomics.helmholtz-muenchen.de/gwas/
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FIGURE 1
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andomization for 486 blood metabolites and telomere length.

metabolites. In addition, of the 486 metabolites, 309 metabolites were
chemically classified and assigned to eight broad metabolic groups,
encompassing amino acids, peptides, lipids, cofactors and vitamins,
carbohydrates, energy, nucleotides, and xenobiotic metabolism. These
classifications are defined by the Kyoto Encyclopedia of Genes and
Genomes (KEGG) database (29). The explicit information on 486
blood metabolites is displayed in Supplementary Table S2.

2.2.2 Telomere length sample

The genetically related datasets for telomere length were extracted
from the publicly available GWAS (30), which was conducted by using
488,400 DNA samples from UK Biobank (UKB) individuals. The
mean TL was determined using a reliable quantitative PCR assay and
underwent thorough quality inspection and technical adjustments.
Eventually, 472,174 telomere length measurements were retained for
our MR analyses. The participants in the UK Biobank study were
exclusively populations aged between 40 and 69 years, with a parallel
percentage of men (45.8%) and women (54.2%).

2.3 Selection criteria for genetic
instrumental variables (IVs)

Qualified genetic instruments related to metabolites were
extracted through several rigorous control steps. Firstly, due to the
lack of IVs reaching genome-wide significance, we widen the cutoff to
p-value<le-05 to select eligible instrumental variables, consistent with
Yin et al’s study (31). Eventually, all 486 blood metabolites were
identified utilizing this standard. Secondly, Linkage disequilibrium
(LD) clumping was performed on the candidate instrumental variables
to identify independent ones (*<0.001 with 10,000kb), assuring
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independence among SNPs for each exposure. Thirdly, intermediate
allele frequency palindromic SNPs were removed resulting from allele
frequencies that were not provided in the GWAS of blood metabolites.
Fourthly, to avoid bias resulting from weak instrumental variables,
we figured out the F-statistics for each SNP to estimate statistical
strength (32, 33). SNPs with F-statistics greater than 10 were regarded
as robust instrumental variables for our study (34). Additionally, the
outcome-related SNPs (p-value<le-05) were removed. Moreover, to
fulfill the independent assumption of MR, SNPs associated with
confounding factors, encompassing blood pressure, body mass index
(BMI), and smoking, were removed by PhenoScannerV2 website
screening. The brief extraction criteria of serum metabolites genetic
IVs in our study are demonstrated in Figure 1.

2.4 MR preliminary analysis

To detect the causal links of human blood metabolites on TL by
connecting different SNPs, we performed a two-sample Mendelian
randomization analysis by utilizing several common analytical
models. We applied standard IVW estimates as the dominant analysis,
which combined the Wald ratio estimation of each SNP, manifesting
the highest statistical power among different MR methods (35). This
method has been acknowledged as the principal approach for
assessing the underlying causal associations between human blood
metabolites and TL. Our analysis needed data on SNPs, alleles, effect
sizes, p-values, and allele frequencies (EAF) (36). Furthermore,
additional MR analysis methods, such as MR-Egger, weighted median,
simple mode, and weighted mode were implemented as auxiliary
analysis methods to IVW by augmenting more robust estimates in a
wider range of situations. The MR-Egger approach can discover the
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violations of the instrumental variables assumption and provide
consistent estimates with invalid instruments (37). We employed
complementary analyses of MR methods with various modeling
assumptions and merits (weighted median and weighted mode) to
enhance the reliability and validity of our findings.

2.5 Sensitivity analyses

To validate the exclusive influence of IVs on the outcome through
exposure and enhance the robustness of the findings, sensitivity
analysis is also required. Thus, multiple approaches encompassing
weighted median, MR-Egger regression, Cochran’s Q statistics, and
leave-one-out (LOO) analysis were applied to verify the reliability and
validity of the significant results (Pryw<0.05). Among them, the
weighted median approach enhances causal effect detection and
eliminates type I errors. The MR-Egger intercept test was conducted
to explore the presence of horizontal pleiotropy, with statistical
significance defined as p-values for the intercept being less than 0.05
(38). Additionally, Cochran’s Q statistics were utilized for IVW and
MR-Egger to estimate heterogeneity among instrumental variables. A
p-value greater than 0.05 in Cochran’s Q statistics suggested the
absence of heterogeneity among IVs (39). Finally, we applied LOO
analysis to determine whether the findings were impacted by a single
SNP (40). Additionally, we also conducted the MR Steiger
directionality test to ensure whether our results supported our
hypothesis (41). Lastly, we adopted a multiple-testing-adjusted
threshold of p < 1.03e-04 (0.05/486) utilizing the Bonferroni correction
to declare a statistically significant causality (42). We also reported
metabolites that had a p<0.05, but were above the Bonferroni-
corrected criteria, as suggestive association with TL. Therefore,
potential eligible candidate metabolites for participation in TL
development were identified by multiple standards: (1) p-value for the
dominant MR analysis was significant (Pryw <0.05). (2) Consistent
direction and magnitude of the additional approaches with the IVW
method results. (3) No heterogeneity or horizontal pleiotropy was
detected. (4) MR estimates are not severely influenced by a single SNP
in LOO analysis.

2.6 Metabolic pathway analysis

The chosen metabolite metabolic pathway analysis was
investigated by utilizing the web-based Metaconflict 5.0* (43).
Functional enrichment analyses and the metabolic pathway module
were employed to identify potential metabolite categories or pathways
that may be associated with the biological process of TL development.
The metabolite databases, including the Small Molecule Pathway
Database (SMPDB) and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) database, were utilized in this study. Notably, only
metabolites exceeding the advised threshold were analyzed for
metabolic pathways (Pryy <0.05).

2 http://www.metaboanalyst.ca/
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3 Results
3.1 Selection of the instrumental variables

We conducted two-sample MR analyses to assess the causal links
of genetically determined metabolites on TL. Considering the
restricted genetic variance, as well as the limited number of SNPs and
low statistic powers, the MR analysis was performed by widening the
threshold to p-value<le-05. The number of candidate SNPs for 486
metabolites ranged from 3 to 478, with a median number of 15
(Supplementary Table 52). Additionally, the minimum F-statistics of
these instrumental variables was 17.64, suggesting that all SNPs were
sufficiently effective for the MR analysis and that the weak
instrumental bias was impossible to occur (all F-statistics >10).

3.2 Causality of genetically determined
metabolites on telomere length

In the present study, the IVW model was used as the primary
method in evaluating the causal associations between 486 human
blood metabolites and TL. Although no significant causal links of
blood metabolites with telomere length were exhibited by utilizing the
Bonferroni correction, a total of 21 blood metabolites comprising 17
known metabolites and 4 unknown metabolites demonstrated
suggestive associations with TL at the standard significance level of
0.05 (Pryw<0.05, Figure 2). As shown in Figure 2, the 17 known
metabolites were chemically allocated to the amino acids, lipids,
carbohydrates, energy, nucleotides, and xenobiotics. Furthermore, the
MR-Egger, weighted mode, simple mode, and weighted median
methods yield consistent causal estimates in terms of both direction
and magnitude. To visually represent the strength of instrumental
variables and make the compiled data more intuitive, we created
heatmaps to exhibit this part of the data (Figure 3). The detailed MR
estimates of diverse approaches are presented in Supplementary
Table S3.

3.3 Sensitivity analysis

Because IVW approaches are susceptible to weak instrumental
bias, sensitivity analyses were performed to ensure the reliability and
stability of the causality. Table 1 shows the sensitivity analysis results
for evaluating the robustness of our MR estimates. MR-Egger
intercept test manifested no significant pleiotropy except urate
(Prgger-intercept = 0.045). Furthermore, MR-Egger and IVW Cochran’s Q
statistics were applied to investigate the heterogeneity. The absence of
substantial heterogeneity was evident among SNPs for those
identified
12-hydroxyeicosatetraenoate, palmitoyl sphingomyelin, urate,
4-hydroxyhippurate, and X-12771 (Q-Pryw and Q-Pyg gger as shown
in Table 1).

metabolites  except  kynurenine,  asparagine,

Eventually, after combining complementary methods and
sensitivity analyses, 11 known metabolites that met the rigorous
screening standard were identified as significantly eligible candidates.
Specifically, taurocholate (OR: 0.98, 95%CI: 0.97-1.00, Pryw=0.041),
15-methylpalmitate (OR: 0.89, 95%CI: 0.81-0.98, Pp,y=0.019),
pseudouridine (OR: 0.89, 95%CI: 0.79-0.99, Ppny=0.032), and
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Lipid 5
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2-hydroxyacetaminophen sulfate 47 -+ 1.00 (1.00-1.00) 0.023
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ergothioneine 3 o 1.05 (1.00-1.09) 0.029
Unknown =
X-11795 12 +—— 1.08 (1.00-1.16) 0.041
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X-12771 16 [ 1.06 (1.01-1.11) 0.028
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| \
08 10 1.2
OR ( 95%CI)
FIGURE 2
Forest plot of the Mendelian randomization analysis for the associations between 21 eligible candidate metabolites and telomere length. Cl, confidence
interval; OR, odds ratio; SNP, single nucleotide polymorphism.

2-hydroxyacetaminophen sulfate (OR: 1.00, 95%CI: 1.00-1.00,
Pryw=0.023) were the most notably risky metabolites for TL. In
contrast, levulinate (4-oxovaleate) (OR: 1.06, 95%CI: 1.01-1.12,
Pyw=0.027), dodecanedioate (OR: 1.07, 95%CI: 1.01-1.13,
Pyw=0.013), 5,8-tetradecadienoate (OR: 1.06, 95%CI: 1.01-1.10,
Pryw=0.006), lactate (OR: 1.13, 95%CI: 1.01-1.26, Piyy=0.039),
phosphate (OR: 1.15, 95%CI: 1.00-1.32, Py =0.049), paraxanthine
(OR: 1.03, 95%CI: 1.01-1.06, Pryw=0.019), and ergothioneine (OR:
1.05, 95%CI: 1.00-1.09, Ppnw=0.029) were factors with highest
protective value for TL. In addition, the forest plots of other analysis
these 11
Supplementary Figure S1. Furthermore, of these eligible candidates,

methods  for metabolites were showed in
5,8-tetradecadienoate (Pryw=0.006) showed the most significant
causal relationship with telomere length.

Additionally, scatter plots of associations of 11 genetically
determined metabolites with TL were shown in Figure 4. The findings
of the LOO analysis similarly suggested that none of the single SNPs
exerted significant influence on the analysis outcomes (Figure 5).

Moreover, the distribution of SNPs was shown in the funnel plots

Frontiers in Nutrition

(Supplementary Figure 52). Finally, the results demonstrated that the
p-values of 11 identified metabolites were all between 1.03e-04 and
0.05, indicating that these metabolites were suggestively linked to the
development of TL. Further studies are needed to validate their
associations in the future.

3.4 Confounding analysis and identification
of significant genes

For these seven protective metabolites and four risky metabolites,
we further manually detected metabolism-related instrumental
variables for the second most common traits (smoking, blood
pressure, BMI, and diabetes). Looking closely at the PhenoScannerV2
online platform, we found that 218 metabolite-related SNPs were not
associated with confounding factors. The corresponding gene
information of instrumental variables is shown in
Supplementary Table S4. Furthermore, Manhattan plots exhibited the

distribution of genetic locus associated with seven protective

frontiersin.org


https://doi.org/10.3389/fnut.2024.1458442
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Liu and Pan

10.3389/fnut.2024.1458442

Kynurenine -

Levulinate(4-oxovaleate) -

Asparagine -|

Taurocholate -

Dodecanedioate -
12-hydroxyeicosatetraenoate - X

5,8-tetradecadienoate -

15-methylpalmitate -
Lactate -

Pseudouridine -

Paraxanthine -
2-hydroxyacetaminophen sulfate -

4-hydroxyhippurate - *
Ergothioneine -
X-11795 - *
X-12729 -
X-12771 -
X-13477 -
= c
*P<0.05 5 8
#*P<0.01 oo £
**%Pp<0.001 = 3
<
2
()
=

FIGURE 3

1
Palmitoyl sphingomyelin ———!:1—

[ N S —
Urate -

skl ——

" 1.2

B 1.1

k%

-1.0

o I -0.9
]
-0.8

* x ¥ x

0.7

*I

*

0.6
OR

Simple mode -
Weighted mode -

Inverse variance weighted -

The heatmaps of five Mendelian randomization analysis methods. Different color blocks represent different odds ratio values. OR, odds ratio.

metabolites (Figure 6A) and four risky metabolites (Figure 6B).
Significant genes were labeled in Manhattan plots and the significantly
protective genes for telomere length maintenance were THEM4,
ADRAI1A, LSGI, and CYP4BI.

3.5 Metabolic pathways analysis

We further carried out the metabolic pathway analysis utilizing all
metabolites identified through the IVW approach (Pryw <0.05). The
results of functional enrichment analyses and the metabolic pathway
analysis are demonstrated in Figure 7. Notably, this study identified
two significant metabolic pathways that were involved in the biological
process of telomeres development (Supplementary Table S5). The
significant metabolite taurocholate was involved in the taurine and
hypotaurine metabolism pathway (p <0.05).

4 Discussion

In this study, we elucidated the causal links between 486
genetically predicted serum metabolites and TL by employing genetic
variation as instrumental variables in a two-sample Mendelian
randomization model. Through rigorous screening standards and
extensive sensitivity analysis, 11 known metabolites were identified as
the significantly eligible candidates, which were causally associated
with TL. We discovered that four metabolites (taurocholate,
15-methylpalmitate, pseudouridine, and 2-hydroxyacetaminophen
sulfate) belonging to the lipid, nucleotide, and xenobiotic super
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pathways may increase the risk of TL shortening. In contrast, seven
metabolites (levulinate, dodecanedioate, 5,8-tetradecadienoate,
lactate, phosphate, paraxanthine, and ergothioneine) belonging to the
amino acid, lipid, carbohydrate, energy, and xenobiotics super
pathways were protective factors for TL maintenance. Additionally,
multiple metabolic pathways, encompassing taurine and hypotaurine
metabolism and caffeine metabolism, were involved in the biological
process related to telomeres development.

Our study identified four lipids (taurocholate, dodecanedioate,
5,8-tetradecadienoate, and 15-methylpalmitate) causally associated
with the TL maintaining or shortening. Coincidentally, a previous
experimental study conducted by Guo et al. showed that TL is
inherited maternally, and the reduction in TL among Chinese
participants may be attributed to impaired lipid metabolism, which
aligns with our findings (44). Moreover, previous metabolomics
research has unequivocally suggested that lipid metabolism plays a
crucial role in TL maintenance. Diverse metabolites derived from fatty
acids, including glycerophosphocholine, lysophospholipids,
glycerides, and phosphatidlcholine, were closely related to TL (45). In
particular, our findings demonstrated that 5,8-tetradecadienoate (OR:
1.06, 95%CI: 1.02-1.10, Prw=0.006) was the most significant
protective factor for TL maintenance in the four lipids. These findings
underscore the complex correlation between lipid metabolism and TL,
providing a robust foundation for further investigation in this field.
However, further investigation to detect the accurate biological
mechanism for lipids on TL was required in the future.

The taurine and hypotaurine metabolism pathway and caffeine
metabolism pathway were identified to be associated with the
telomeres biological process by metabolite pathway analysis.
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TABLE 1 Heterogeneity and horizontal pleiotropy analysis for the 21 metabolites identified by the IVW method.

Metabolites Subcategory Pleiotropy Heterogeneity

MR-Egger intercept MR-Egger IVW

test

Intercept P-value Q-statistic P-value Q-statistic P-value
Kynurenine Amino acid —0.0016 0.305 170.33 5.15e-18 174.93 1.80e-18
Levulinate (4-oxovaleate) Amino acid 0.000012 0.985 62.36 0.358 62.36 0.392
Asparagine Amino acid 0.0018 0.818 56.02 0.038 56.10 0.047
Taurocholate Lipid —0.0011 0.333 17.61 0.225 18.87 0.220
Dodecanedioate Lipid 0.0048 0.226 2.59 0.768 4.46 0.615
12-hydroxyeicosatetraenoate Lipid —0.00096 0.733 24.13 0.019 24.37 0.028
5,8-tetradecadienoate Lipid 0.00274 0.135 7.11 0.791 9.71 0.641
Palmitoyl sphingomyelin Lipid —0.0011 0.456 66.48 0.026 67.30 0.028
15-methylpalmitate Lipid —0.0001 0.960 20.66 0.056 20.66 0.079
Lactate Carbohydrate 0.00099 0.713 13.82 0.182 14.01 0.232
Urate Nucleotide 0.00406 0.045 53.79 6.22e-05 66.05 1.49¢-06
Pseudouridine Nucleotide —0.00047 0.785 28.09 0.304 28.18 0.349
Phosphate Energy —0.00067 0.708 1.34 0.719 1.51 0.825
Paraxanthine Xenobiotics —0.0029 0.247 10.91 0.451 12.40 0.414
2-hydroxyacetaminophen
sulfate Xenobiotics —0.00028 0.805 48.88 0.320 48.95 0.356
4-hydroxyhippurate Xenobiotics —0.0019 0.740 14.37 0.026 14.66 0.041
Ergothioneine Xenobiotics 0.0036 0.818 0.20 0.657 0.28 0.868
X-11795 Unknown 0.0023 0.368 9.58 0.478 10.47 0.489
X-12729 Unknown 0.0015 0.299 13.07 0.668 14.22 0.651
X-12771 Unknown 0.0018 0.401 24.46 0.040 25.77 0.041
X-13477 Unknown 0.0023 0.381 5.77 0.449 6.67 0.464

We discovered that taurocholate, which participated in the taurine and
hypotaurine metabolic pathway, may play a crucial role in the telomere
development process (metabolism pathway analysis: p-value=0.031).
These results indicated that taurocholate may serve as a potential
therapeutic target in TL maintenance and delaying senescence.
Nevertheless, the epidemiological evidence for the association
between taurocholate and TL is limited. Thus, further clinical and
experimental studies were warranted to elucidate the mechanisms
between taurocholate and TL shortening. In addition, our research
demonstrated that the caffeine metabolism pathway may be involved
in the biological process of telomeres. Coincidentally, previous
observational studies manifested that instant coffee intake had a causal
effect on TL shortening (2), suggesting caffeine may play a pivotal role
in TL shortening.

Additionally, the causal links between multiple serum metabolites
and TL were evaluated utilizing MR analysis in this study. Consistent
with our findings, previous observational studies in the literature
revealed that a high concentration of serum urate was negatively
associated with TL (46). TL shortening was attributed to oxidative
damage and other post-processing events in both proliferating and
non-proliferating cells (4). The presence of urate induces cellular
stress and signaling events, including the generation of reactive
oxygen species (ROS) and activation of inflammatory signaling
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pathways, leading to telomeres shortening. In addition, the production
of ROS occurs concomitantly with the intracellular urate formation
catalyzed by xanthine oxidases (47). The augment of xanthine oxidase
activity facilitates intracellular urate generation. Meanwhile, the
increased extracellular urate concentration exacerbates the flux of
urate into cells. The occurrence of these events results in the
intracellular accumulation of urate, which exacerbates the production
of ROS and apoptosis (48). Eventually, these cellular events result in
TL shortening, in turn, TL shortening further aggravates cell stress,
forming a vicious spiral (49). These mechanisms indicated that serum
urate decreasing may be beneficial to control telomere shortening and
delaying cellular senescence. In our study, despite the results of
sensitivity analysis showing heterogeneity and pleiotropy, the causal
effects of urate on TL shortening were highly significant (OR: 0.80,
95%CI: 0.68-0.94, Pryy=0.006). These sensitivity analysis variations
could be ascribed to the different options of instrumental variables
and GWAS data.

Our study has several strengths. Firstly, as far as we know; this is the
first MR analysis to combine metabolomics and genomics to
systematically assess the causality of human blood metabolites on
TL. Such a design can eliminate limitations correlated with confounders
often encountered in conventional observational studies and can provide
more robust evidence of causality between exposure and outcome.
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Secondly, utilizing the most extensive and current GWAS attainable for
metabolites enabled the establishment of a robust instrumental variable,
predicted to yield unbiased MR estimates. Thirdly, we conducted several
sensitivity analyses (Egger intercept test and Cochran’s Q statistics), which
can control the bias caused by the pleiotropic effect to ensure the validity
and stability of MR findings. Fourthly, we identified eligible candidate
metabolites causally associated with telomeres development by multiple
standards and rigorous control steps, including heterogeneity, pleiotropy,
and LOO analysis.
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However, several limitations should be acknowledged in our study.
First, the choice of instrumental variables was conducted utilizing a
wide P threshold (p < 1e-05), and this might result in consequence bias
and false-positive variants. Similarly, a previous study has also utilized
the identical cutoff when evaluating the causal relationships between
486 blood metabolites and diabetic retinopathy (50). Second, the
individuals of GWAS included in our study were restricted to European
ancestry, so caution should be exercised when extrapolating these
results to other populations. Third, despite performing various
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sensitivity analyses to verify MR assumptions, we cannot eliminate the
influence of horizontal pleiotropy and reverse causality. Fourth, on
account of the effects of diverse blood metabolites on the body being
complicated and interactive, to satisfy the independent assumption of
MR (excluding confounding factors), performing a phenome-wide
association study of the instrumental variables may be useful. Lastly,

Frontiers in Nutrition

our study is limited to public databases and lacks real-world clinical
sample tests. Hence, these underlying links need to be validated in
larger cohorts and the potential biological mechanism of genetically
determined blood metabolites and metabolic pathways in the
regulation of TL maintenance or shortening should be further detected
in future research.

10 frontiersin.org


https://doi.org/10.3389/fnut.2024.1458442
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Liu and Pan

5 Conclusion

To sum up, we conducted a comprehensive MR study to identify
11 genetically determined human serum metabolites causally
associated with telomere length, among which four were negatively
associated and seven were positively associated. Compared with the
other 10 metabolites, 5,8-tetradecadienoate has a significantly causal
association with telomere length maintenance. Additionally,
taurocholate may be involved in the metabolism biological process of
telomere length maintenance via specific metabolic pathways.
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