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ABSTRACT

Introduction: Despite numerous observational
studies reporting a positive correlation between
polyunsaturated fatty acids (PUFAs) and the risk
of sepsis and mortality, the causation of such an
association has yet to be firmly established.
Thus, our study aimed to undertake the Men-
delian randomization (MR) approach to scruti-
nize the potential causalities of PUFAs with
sepsis and mortality risk.

Methods: We conducted the MR investigation
using genome-wide association study (GWAS)
summary statistics of PUFAs [including omega-3
fatty acids (omega-3), omega-6 fatty acids
(omega-6), the ratio of omega-6 to omega-3
fatty acids (omega-6:3), docosahexaenoic acid
(DHA), linoleic acid (LA)], sepsis, and sepsis
mortality. We utilized the GWAS summary data
from the UK Biobank. To establish reliable
causality, we employed the inverse-variance
weighted (IVW) method as the primary analyt-
ical approach, together with four additional MR
methods. In addition, we performed hetero-
geneity and horizontal pleiotropy assessments
using Cochrane’s Q test and MR-Egger intercept
test, respectively. Finally, we performed a series
of sensitivity analyses to enhance the precision
and veracity of our findings.
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Results: The IVW method showed that geneti-
cally predicted omega-3 [odd ratio (OR) 0.914,
95% confidence interval (CI) 0.845–0.987,
P = 0.023] and DHA (OR 0.893, 95% CI
0.815–0.979, P = 0.015) were suggestively
linked to a decreased risk of sepsis. Furthermore,
genetically predicted DHA (OR 0.819, 95% CI
0.681–0.986, P = 0.035) was suggestively asso-
ciated with a reduced risk of sepsis-related
death. Conversely, the omega-6:3 ratio (OR
1.177, 95% CI 1.011–1.371, P = 0.036) was sug-
gestively linked to an increased risk of sepsis-
induced mortality. On the basis of the MR-Egger
intercept assessment, it appears that our MR
examination was not influenced by any hori-
zontal pleiotropy (all P[ 0.05). Moreover, the
reliability of the estimated causal association
was confirmed by the sensitivity analyses.
Conclusion: Our study supported the casual
effect between PUFAs and susceptibility to sep-
sis and sepsis-related death. Our findings
underline the importance of specific PUFAs
levels, particularly for individuals with a genetic
susceptibility to sepsis. Further research is nee-
ded to confirm these findings and investigate
the underlying mechanisms.

Keywords: Polyunsaturated fatty acids; Sepsis;
Mortality; Causal relationship; Mendelian
randomization

Key Summary Points

Why carry out this study?

Sepsis is a significant threat to global
health and patient safety, and identifying
potential risk factors for sepsis is crucial in
mitigating its incidence and associated
mortality rates.

Although many observational studies have
reported a positive correlation between
polyunsaturated fatty acids (PUFAs) and
sepsis, the causal relationship has not
been firmly established.

Our study aimed to undertake the
Mendelian randomization (MR) approach
to scrutinize the potential causalities of
PUFAs on the risk of sepsis and sepsis-
related mortality.

What was learned from the study?

This study is the first to examine the
causal relationship between PUFAs and
the risk of sepsis and mortality using an
MR approach.

Genetically predicted omega-3 and
docosahexaenoic acid (DHA) were
suggestively associated with a lower risk of
sepsis. Moreover, the genetically predicted
DHA was also suggestively associated with
a decreased risk of sepsis mortality.
Conversely, the ratio of omega-6:3 was
suggestively associated with a higher risk
of sepsis mortality.

Overall, our findings underscore the
significance of PUFAs in evaluating sepsis
and mortality risk, which may offer
potential opportunities for personalized
preventive strategies.

INTRODUCTION

Sepsis, defined as life-threatening organ dys-
function caused by a dysregulated host response
to infection, continues to be a formidable cause
of morbidity and mortality globally [1]. Accord-
ing to estimates from the Global Burden of Dis-
eases, Injuries, and Risk Factors Study (GBD),
there were approximately 48.9million new cases
of sepsis in 2017, resulting in nearly 11.0 million
deaths worldwide [2]. Given sepsis has been rec-
ognized as a significant threat to global health
and patient safety by the World Health Organi-
zation (WHO), identifying potential risk factors
for sepsis is crucial inmitigating its incidence and
associated mortality rates [3].

Polyunsaturated fatty acids (PUFAs) are
essential nutrients that play a crucial role in the
development and progression of several infec-
tious diseases. Among them, a heightened level
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of omega-3 fatty acids and docosahexaenoic acid
(DHA) have been demonstrated to be associated
with improved sepsis outcomes in both experi-
mental and observational studies [4–9]. How-
ever, traditional observational studies could not
entirely exclude confounding biases or reverse
causality. Furthermore, there is insufficient evi-
dence gathered from randomized controlled tri-
als (RCTs) to substantiate their relationships.
Hence, the causality between PUFAs and the risk
of sepsis and mortality are not well established.

The Mendelian randomization (MR)
approach represents a popular methodology for
assessing causal inference between exposure and
outcome. Notably, MR leverages single nucleo-
tide polymorphisms (SNPs) as instrumental
variables (IVs), thereby constituting a quasi-RCT,
as the genetic variants are ascribed randomly at
the time of conception and are not influenced by
confounding factors. Recent research has used
the MR technique to probe the causal links
between PUFAs and various ailments, such as
bone mineral density and fracture [10], kidney
function [11], and schizophrenia [12]. Therefore,
the aim of this study was to undertake the MR
approach to scrutinize the potential causalities
between PUFAs and the risk of sepsis and sepsis-
related mortality.

METHODS

Study Design

We utilized an MR method, employing sum-
mary statistics obtained from genome-wide
association studies (GWAS), to investigate the
relationship between PUFAs [including omega-3
fatty acids (omega-3), omega-6 fatty acids
(omega-6), the ratio of omega-6 to omega-3
fatty acids (omega-6:3), DHA, and linoleic acid
(LA)], sepsis, and sepsis mortality at 28 days. To
ensure the validity of the MR analysis, we relied
upon three core assumptions: (i) the genetic
variants used should be significantly associated
with the exposure of interest; (ii) the genetic
variants employed should not have an impact
on the outcome, except through that exposure;
and (iii) the genetic variants should not be
linked to any confounders affecting the

relationship of the exposure to the outcome.
The study design is detailed in Fig. 1.

Ethics Statement

The analysis in this article is based on previ-
ously publicly available data and does not
involve any new studies of human or animal
subjects performed by any of the authors. All of
the GWAS data sets utilized in this investigation
were openly accessible in the general public
domain, negating the need for individual ethi-
cal approval or informed consent. Furthermore,
the findings of this study were presented in
strict accordance with the guidelines presented
in the Strengthening the Reporting of Obser-
vational Studies in Epidemiology Using Men-
delian Randomization (STROBE-MR) guidance
in 2021 [13].

Genetic Associations with PUFAs

We examined five primary dietary PUFA indi-
ces, namely omega-3, omega-6, the ratio of
omega-6:3, DHA, and LA. Our investigation
utilized genetic instrumentation to obtain
information on omega-3 (N = 114,999), omega-
6 (N = 114,999), the ratio of omega-6:3
(N = 114,999), DHA (N = 114,999), and LA
(N = 114,999) from the Metabolic Biomarkers in
the UK Biobank [14]. The UK Biobank is an
initiative aimed at exploring the genetic and
environmental contributors to disease, with
more than 500,000 individuals of European
ancestry included in the recruitment. This pro-
ject utilized a targeted high-throughput nuclear
magnetic resonance (NMR) metabolomics plat-
form (biomarker quantification version 2020)
provided by Nightingale Health Ltd to assess the
circulating concentrations of omega-3, omega-
6, DHA, and LA, in randomly selected EDTA
plasma samples. Of the initially collected
121,577 samples, duplicates and observations
that did not meet quality control criteria in the
non-fasting plasma samples collected at base-
line were excluded, leaving a final data set of
114,999 samples. The measurement technology
and applications of this platform for epidemio-
logical studies have been previously evaluated
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[15, 16]. Genetic associations with PUFAs can be
found in Table 1.

Genetic Associations with Sepsis
and Sepsis Mortality

We obtained genetic association estimations for
SNPs linked to sepsis [IEU GWAS ID: ieu-b-4980;
N = 486,484 (11,643 cases and 474,841 con-
trols)] and sepsismortality at 28 days [IEUGWAS
ID: ieu-b-5086; N = 486,484 (1896 cases and

484,588 controls)] from the GWAS outcomes of
the UK Biobank [17, 18]. Specifically, sepsis cases
were identifiedusing InternationalClassification
of Diseases (ICD) 10th edition codes A02, A39,
A40, and A41, which are consistent with the
definitions used in recent literature [19]. These
estimations were easily accessed via the Integra-
tive Epidemiologic Unit (IEU) GWAS database at
https://gwas.mrcieu.ac.uk/. Table 1 provides the
details of the genetic associations with sepsis and
sepsis-related mortality.

Fig. 1 Overall design of the present study. SNP single nucleotide polymorphism

Table 1 Summary information of the data sets

Traits Data source Year Sample size Case Control Population

Omega-3 UK Biobank 2020 114,999 NA NA European

Omega-6 UK Biobank 2020 114,999 NA NA European

Ratio of omega-6:3 UK Biobank 2020 114,999 NA NA European

DHA UK Biobank 2020 114,999 NA NA European

LA UK Biobank 2020 114,999 NA NA European

Sepsis UK Biobank 2021 486,484 11,643 474,841 European

Sepsis mortality at 28 days UK Biobank 2021 486,484 1,896 484,588 European

DHA docosahexaenoic acid, LA linoleic acid, UK United Kingdom, NA not available
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Instrumental Variables Selection

To investigate the causal associations between
PUFAs and sepsis risk and mortality, we utilized
IVs in our MR analysis. The IVs acted as medi-
ators between exposures and outcomes, and
were obtained by searching GWAS data for

leading SNPs associated with PUFAs. We set
rigorous screening criteria for these IVs. SNPs
that demonstrated strong associations with
PUFAs at a genome-wide level of significance
(P\5 9 10-8) were selected, and further fil-
tered for a window size greater than 10,000 kb
and a linkage disequilibrium level (r2\ 0.001)

Table 2 Causal associations of PUFAs with the risk of sepsis

Exposures Methods No. of SNP OR 95% CI P value

Omega-3 MR-Egger 47 0.939 0.842–1.048 0.268

Weighted median 47 0.931 0.860–1.009 0.082

Inverse variance weighted 47 0.914 0.845–0.987 0.023

Simple mode 47 0.868 0.691–1.090 0.229

Weighted mode 47 0.921 0.858–0.989 0.028

Omega-6 MR-Egger 50 0.828 0.668–1.027 0.092

Weighted median 50 0.893 0.776–1.027 0.113

Inverse variance weighted 50 0.920 0.825–1.025 0.131

Simple mode 50 1.224 0.903–1.659 0.200

Weighted mode 50 0.830 0.670–1.027 0.092

Ratio of omega-6:3 MR-Egger 34 1.019 0.919–1.129 0.727

Weighted median 34 1.064 0.991–1.144 0.089

Inverse variance weighted 34 1.075 0.993–1.164 0.073

Simple mode 34 1.063 0.843–1.340 0.609

Weighted mode 34 1.071 0.995–1.153 0.078

DHA MR-Egger 39 0.945 0.830–1.076 0.399

Weighted median 39 0.920 0.840–1.008 0.075

Inverse variance weighted 39 0.893 0.815–0.979 0.015

Simple mode 39 0.917 0.703–1.196 0.527

Weighted mode 39 0.905 0.826–0.992 0.040

LA MR-Egger 43 0.867 0.694–1.082 0.214

Weighted median 43 0.988 0.848–1.150 0.875

Inverse variance weighted 43 0.966 0.870–1.072 0.515

Simple mode 43 1.181 0.844–1.653 0.337

Weighted mode 43 0.933 0.725–1.200 0.592

PUFAs polyunsaturated fatty acids, DHA docosahexaenoic acid, LA linoleic acid, OR odd ratio, CI confidence interval, MR
Mendelian randomization
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to minimize any potential effects due to linkage
disequilibrium. Palindromic SNPs, outcome-re-
lated SNPs (P\5 9 10-8), and SNPs not present
in outcome GWAS summary data were excluded
from the IVs. Furthermore, we removed any
SNPs with F statistics less than 10 to ensure a
strong association between IVs and PUFAs. Our
rigorous selection criteria and use of IVs helped
to establish robust causal associations between
PUFAs and the risk of sepsis and sepsis
mortality.

MR Analysis

Five common analytical methods were
employed to examine the connection between
PUFAs and sepsis risk and mortality, namely
random-effects inverse-variance weighted
(IVW), MR-Egger, weighted median, simple
mode, and weighted mode. Among these
methods, IVW was considered as the primary
MR analysis due to its high statistical power,
which combines the Wald ratio estimates of
each SNP on the outcome to obtain a pooled
causal estimate. Additionally, four other MR
methods were utilized to further strengthen the
findings. The MR-Egger method provided con-
sistent estimations of the causative effect under
the instrument strength independent of direct
effect assumption [20]. The weighted median
method offered solid estimates of effective IVs
accounting for more than 50% of the weight
[21]. The simple mode approach provided
robustness against pleiotropy by utilizing a
model-based assessment approach, while the
weighted mode method was employed to eval-
uate the robustness of the IVW method results
[22]. As a result, the IVW method findings were
defined as the main results of this MR study.

Heterogeneity, Horizontal Pleiotropy
and Sensitivity Analysis

Heterogeneity among individual SNP estimates
was identified using the Cochran’s Q test, with a
P value below 0.05 indicating potential hetero-
geneity. Nevertheless, the mere presence of
heterogeneity does not necessarily invalidate
the IVW result. To assess the possibility of

horizontal pleiotropy, we applied the MR-Egger
intercept test, with a P value below 0.05 indi-
cating a possible pleiotropic effect. We con-
ducted various sensitivity analyses, including
scatter plot inspection, leave-one-out analysis,
and funnel plot inspection. The scatter plot was
utilized to determine the causal relationship
between PUFAs and the risk of sepsis and sepsis
mortality. The leave-one-out analysis allowed us
to assess whether the results were significantly
impacted by the removal of a single SNP.
Finally, the funnel plot was implemented to
evaluate the possibility of horizontal pleiotropy.

Statistical Analyses

The potential for sample overlap between the
PUFAs and sepsis populations can introduce
confounding relationships in the MR estimates
when weak instruments are involved. We then
utilized a web calculator to formally evaluate
the risk of bias resulting from sample overlap
[23], which can be accessed at https://sb452.
shinyapps.io/overlap. To adjust for multiple
testing in our MR study, we applied a Bonfer-
roni correction with 10 tests, yielding a signifi-
cance threshold of P\0.005 (0.05/10). Those
that were significant (P\0.05) before but not
after Bonferroni correction (P\0.005) were
considered as the suggestive association results.
To estimate the causal effect of PUFAs on the
risk of sepsis and sepsis-related mortality, we
calculated the odds ratios (ORs) with corre-
sponding 95% confidence intervals (CIs). All
statistical analyses were conducted using R
software (version 4.2.1) with the ‘‘TwoSam-
pleMR’’ package.

RESULTS

Characteristics of Genetic Variants

After utilizing the genome-wide significance
cutoff of 5 9 10-8 for screening, we were able to
identify a total of 47 SNPs that were associated
with omega-3, 50 SNPs associated with omega-
6, 34 SNPs linked to the ratio of omega-6:3, 39
SNPs pertaining to DHA, as well as 43 SNPs
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relating to LA. After a formal assessment, we
found that the risk of bias resulting from sample
overlap was small, with a value of less than
3.6%, irrespective of the proportion of overlap.
It is worth noting that all F statistic values
exceeded 10, indicating a robust relationship
between IVs and each PUFAs. Details of these
information are presented in Supplementary
Tables S1–S5.

MR Analysis: PUFAs as Exposure, Sepsis
as Outcome

Table 2 displays the MR analyses regarding to
the causal associations of PUFAs with the risk of
sepsis. Our IVW method yielded suggestive
evidence of a decreased risk of sepsis associated
with genetically predicted omega-3 (OR 0.914,
95% CI 0.845–0.987, P = 0.023) and DHA (OR
0.893, 95% CI 0.815–0.979, P = 0.015). How-
ever, we found no significant associations
between omega-6 (OR 0.920, 95% CI
0.825–1.025, P = 0.131), the ratio of omega-6:3
(OR 1.075, 95% CI 0.993–1.164, P = 0.073), or
LA (OR 0.966, 95% CI 0.870–1.072, P = 0.515)
and sepsis risk. The findings of MR-Egger,
weighted median, simple mode, and weighted
mode tallied with those obtained through the
IVW approach.

MR Analysis: PUFAs as Exposure, Sepsis
Mortality as Outcome

Table 3 depicts the MR analyses on the casual
associations between PUFAs and the risk of
sepsis mortality at 28 days. The IVW method
indicated that genetically predicted DHA was
suggestively related to a decreased risk of sepsis
mortality (OR 0.819, 95% CI 0.681–0.986,
P = 0.035). Nonetheless, the ratio of omega-6:3
was also suggestively linked to an increased risk
of sepsis mortality (OR 1.177, 95% CI
1.011–1.371, P = 0.036). Still, no substantial
evidence exists to support the genetic causal
relationship between omega-3 (OR 0.887,
95% CI 0.755–1.042, P = 0.144), omega-6 (OR
0.973, 95% CI 0.773–1.225, P = 0.815), or LA
(OR 1.151, 95% CI 0.913–1.453, P = 0.234) and
the risk of sepsis mortality. The findings of MR-

Egger, weighted median, simple mode, and
weighted mode tallied with those obtained
through the IVW approach.

Heterogeneity, Horizontal Pleiotropy,
and Sensitivity Analysis

Table 4 presents the findings from
Cochrane’sQ test and pleiotropy test. Specifi-
cally, our analysis indicated that there was
potential heterogeneity in the MR analyses of
omega-3 and sepsis (Cochrane’s Q = 75.5,
P = 0.004), omega-6 and sepsis (Cochrane’s
Q = 79.6, P = 0.004), the ratio of omega-6:3 and
sepsis (Cochrane’s Q = 53.2, P = 0.014), DHA
and sepsis (Cochrane’s Q = 58.1, P = 0.020), and
LA and sepsis (Cochrane’s Q = 58.5, P = 0.046).
Nevertheless, the MR-Egger intercept tests sug-
gested that there was no horizontal pleiotropy
in any of these analyses, as all P values were
above 0.05. Scatter plots for all MR analyses are
provided in Supplementary Figs. S1–S2. Our
leave-one-out analyses demonstrated that the
causal effects of PUFAs on the risk of sepsis and
sepsis mortality remained unequivocally robust
(Supplementary Figs. S3–S4). Furthermore, the
funnel plots for all MR analyses revealed that
horizontal pleiotropy was not apparent, as the
variation in effect size around the point esti-
mate was symmetrical (Supplementary
Figs. S5–S6).

DISCUSSION

This MR study utilized large-scale GWAS sum-
mary data to investigate the causal relationship
between PUFAs and the risk of sepsis and sepsis
mortality in individuals of European ancestry.
The results suggested that genetically predicted
omega-3 and DHA were suggestively associated
with a lower risk of sepsis. Moreover, we
demonstrated that genetically predicted DHA
was also suggestively related to a decreased risk
of sepsis mortality. Conversely, the ratio of
omega-6:3 was suggestively associated with a
higher risk of sepsis mortality. To our knowl-
edge, this study is the first to examine the causal
relationship between PUFAs and sepsis risk and
mortality using an MR approach. Overall, our
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Table 3 Causal associations of PUFAs with the risk of sepsis mortality at 28 days

Exposures Methods No. of SNPs OR Low-CI Up-CI P value

Omega-3

MR Egger 47 0.758 0.609 0.943 0.017

Weighted median 47 0.787 0.651 0.952 0.014

Inverse variance weighted 47 0.887 0.755 1.042 0.144

Simple mode 47 0.800 0.498 1.287 0.362

Weighted mode 47 0.800 0.667 0.959 0.020

Omega-6

MR Egger 50 0.891 0.562 1.411 0.625

Weighted median 50 0.911 0.655 1.266 0.577

Inverse variance weighted 50 0.973 0.773 1.225 0.815

Simple mode 50 0.962 0.526 1.761 0.900

Weighted mode 50 0.880 0.557 1.389 0.584

The ratio of omega-6:3

MR Egger 34 1.266 1.034 1.549 0.029

Weighted median 34 1.242 1.036 1.489 0.019

Inverse variance weighted 34 1.177 1.011 1.371 0.036

Simple mode 34 1.585 0.850 2.955 0.157

Weighted mode 34 1.242 1.043 1.479 0.021

DHA

MR Egger 39 0.751 0.576 0.978 0.040

Weighted median 39 0.756 0.611 0.935 0.010

Inverse variance weighted 39 0.819 0.681 0.986 0.035

Simple mode 39 0.623 0.288 1.348 0.237

Weighted mode 39 0.762 0.611 0.949 0.020

LA

MR Egger 43 0.940 0.573 1.541 0.808

Weighted median 43 1.174 0.836 1.649 0.354

Inverse variance weighted 43 1.151 0.913 1.453 0.234

Simple mode 43 1.200 0.635 2.268 0.577

Weighted mode 43 1.135 0.689 1.868 0.622

PUFAs polyunsaturated fatty acids, DHA docosahexaenoic acid, LA linoleic acid, OR odd ratio, CI confidence interval, MR
Mendelian randomization
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findings underscore the significance of PUFAs in
evaluating sepsis and mortality risk, which may
offer potential opportunities for personalized
preventive strategies.

Our results were in line with a recent meta-
analysis of omega-3 therapy, which encom-
passed 17 RCTs with 1239 patients with sepsis.
The investigators reported that compared with
no supplementation or placebo, omega-3 sup-
plementation did not significantly impact sepsis
mortality risk (RR 0.85, 95% CI 0.71–1.03,
P = 0.10) [24]. Nevertheless, our study had
uncovered a novel causal association between
omega-3 intake and lower sepsis risk, which has
not been reported by either observational or
randomized studies. DHA is another crucial
PUFA component. A prior RCT examining the
effect of DHA supplementation on neonates
with sepsis showed that DHA administration
boosted total body mass and body fat mass sig-
nificantly, compared to placebo [25]. Consistent
with the aforementioned evidence, our findings
also indicated that DHA intake is correlated
with decreased sepsis risk and mortality associ-
ated with sepsis. Previous investigations pre-
dominantly focused on total PUFA levels or
omega-3 levels alone, disregarding vital inter-
play between omega-3 and omega-6 levels as a

result of the difficulty in clarifying the effect of
omega-6:3 ratios on sepsis mortality risk due to
confounding factors. We observed that the
omega-6:3 ratio is associated with a higher risk
of sepsis mortality, partially in agreement with
Kaliannan et al.’s findings that a lower omega-
6:3 ratio can lead to favorable changes in
chronic diseases and cancer [26].

Although the precise causal mechanisms
underlying the effects of PUFAs on sepsis risk
and mortality remain incompletely understood,
several explanations have been posited by
researchers. With respect to omega-3, one
potential mechanism involves the ability of
these fatty acids to mitigate organ damage
induced by sepsis by means of downregulating
miR-1-3p, elevating Notch3 expression, and
obstructing Smad pathway activation [4]. Other
possible explanations include anti-inflamma-
tory and antithrombotic effects [27]. For DHA,
animal experiments have demonstrated that
DHA supplementation can significantly reduce
septic shock-induced vascular inflammation,
oxidative stress, and production of nitric oxide,
all of which serve to improve outcomes [8]. As
for the omega-6:3 ratio, previous research sug-
gested that an increased ratio can lead to ele-
vated intestinal permeability, metabolic

Table 4 Results of Cochrane’s Q test and pleiotropy test

Exposures Outcomes Cochrane’s Q test Pleiotropy test

Q P value Egger intercept SE P value

Omega-3 Sepsis 75.5 0.004 - 0.003 0.005 0.483

Sepsis mortality 54.6 0.180 0.018 0.009 0.051

Omega-6 Sepsis 79.6 0.004 0.007 0.006 0.274

Sepsis mortality 60.1 0.133 0.006 0.013 0.665

Ratio of omega-6:3 Sepsis 53.2 0.014 0.008 0.005 0.124

Sepsis mortality 32.9 0.474 - 0.011 0.010 0.291

DHA Sepsis 58.1 0.020 - 0.006 0.005 0.242

Sepsis mortality 39.8 0.388 0.009 0.010 0.369

LA Sepsis 58.5 0.046 0.007 0.007 0.286

Sepsis mortality 48.5 0.228 0.013 0.015 0.367

DHA docosahexaenoic acid, LA linoleic acid
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endotoxemia, and chronic low-grade inflam-
mation, highlighting the importance of limit-
ing omega-6 intake while increasing omega-3
intake to enhance health [26]. Taken together,
maintaining sufficient PUFA intake through
dietary balance or supplementation represents a
crucial strategy for reducing the risk of sepsis
and sepsis-related mortality.

The findings of this study can have impor-
tant clinical implications. We found that
maintaining appropriate levels of PUFAs, par-
ticularly omega-3 and DHA, may be beneficial
in reducing the risk of sepsis. Therefore,
healthcare professionals may consider recom-
mending increased intake of foods rich in
PUFAs or supplements for individuals at high
risk of sepsis, particularly those with a genetic
susceptibility. However, it is important to note
that the study’s findings are based on a genetic
analysis and further research is needed to con-
firm the clinical usefulness of these
recommendations.

This MR study has the following strengths.
First, it used a genetic variant as an IV to infer
causality between the PUFAs and the risk of
sepsis and mortality. The MR approach mini-
mizes the potential for confounding and reverse
causation, which are major concerns in tradi-
tional observational studies [28–30]. Second,
this study used large-scale genomic data from
the UK Biobank, increasing the generalizability
and robustness of the findings. Third, the use of
publicly available data sets and open source
software enhanced the transparency and repro-
ducibility of the study. Fourth, the approach
allows for estimation of the causal effect size,
which could have important implications for
clinical and public health decision-making.
Overall, this MR study provided important
insights into the causal relationship between
the PUFAs and the risk of sepsis and mortality,
and highlights the importance of addressing
modifiable risk factors for improving health
outcomes.

Despite its advantages, our study also has
several limitations that must be acknowledged.
First, the reliance on data from GWAS that
exclusively included individuals of European
ancestry precludes the generalization of our
findings to other ethnic groups, which limits

the study’s cultural diversity dimension. Yet, it
is worth noting that the homogeneity of the
sample reduces the risk of confounding by
population admixture. Second, there was partial
sample overlap between the PUFAs and sepsis.
However, the relative bias from sample overlap
is also very small (\3.6%), which might not
interfere with our overall conclusion. Third, our
study lacked appropriate sensitivity analyses to
evaluate the possibility of horizontal pleiotropy,
despite conducting the MR-Egger intercept test
and finding that horizontal pleiotropy was not
apparent in our statistical analyses. Fourth, we
observed heterogeneity in some of our results.
Nonetheless, the random-effect IVW remained
the principal analytical method, which effec-
tively controls the pooled heterogeneity of the
data. Fifth, we exclusively rely on genetic-level
evidence, which precludes further observation
studies and mediator analyses to validate the
particular regulatory mechanisms that operate
in the causality between PUFAs and suscepti-
bility to sepsis and sepsis-related mortality.
Therefore, future studies need to be conducted
on larger and more diverse populations with
different ancestries and cultures, and should
employ a combination of observational and
genetic techniques to further explore the causal
effects of PUFAs on the risk of sepsis and
mortality.

CONCLUSION

Our study supported the casual effect between
PUFAs and susceptibility to sepsis and sepsis-
related death. Our findings underline the
importance of specific PUFAs levels, particularly
for individuals with a genetic susceptibility to
sepsis. Further research is needed to confirm
these findings and investigate the underlying
mechanisms.
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