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Objective: Sepsis constitutes a significant global healthcare burden. Studies
suggest a correlation between educational attainment and the likelihood of
developing sepsis. Our goal was to utilize Mendelian randomization (MR) in
order to examine the causal connection between educational achievement (EA)
and sepsis, while measuring the mediating impacts of adjustable variables.

Methods: We collected statistical data summarizing educational achievement
(EA), mediators, and sepsis from genome-wide association studies (GWAS).
Employing a two-sample Mendelian randomization (MR) approach,
we calculated the causal impact of education on sepsis. Following this,
we performed multivariable MR analyses to assess the mediation proportions
of various mediators, including body mass index (BMI), smoking, omega-3 fatty
acids, and apolipoprotein A-I(ApoA-I).

Results: Genetic prediction of 1-SD (4.2 years) increase in educational attainment
(EA) was negatively correlated with sepsis risk (OR =0.83, 95% CI 0.71 to 0.96).
Among the four identified mediators, ranked proportionally, they including BMI
(38.8%), smoking (36.5%), ApoA-I (6.3%) and omega-3 (3.7%). These findings
remained robust across a variety of sensitivity analyses.

Conclusion: The findings of this study provided evidence for the potential
preventive impact of EA on sepsis, which may be influenced by factors including
and metabolic traits and smoking. Enhancing interventions targeting these
factors may contribute to reducing the burden of sepsis.

KEYWORDS

education, Sepsis, mediation analyses, Mendelian randomization, body mass index

1 Introduction

Sepsis is defined as a severe dysfunction of the body’s organs caused by the host
response being disrupted due to an infection (1). Sepsis therefore burdens public health
and the economy around the globe. According to a study conducted in 2017, approximately
48.9 million cases of sepsis were reported, resulting in 11.0 million fatalities related to
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sepsis, accounting for approximately 19.7% of all worldwide
deaths (2, 3).

Education stands as the most potent indicator of socio-economic
status, exerting influence over lifestyle choices and access to health
resources (4). Although there have been several investigations
highlighting the links between education and various illnesses (4-7),
the relationship between educational achievement and sepsis has
received comparatively less focus. Several studies have found that
there is an inverse relationship between achieving higher levels of
education and the mortality rates caused by sepsis (8, 9). Due to
unknown or inadequately measured confounding factors,
observational study results lack credibility in inferring causality.
According to research, there are various factors that can partially
influence the connection between education and different illnesses
(10, 11). Sepsis has been associated with cardiovascular metabolic
traits, obesity attributes, and lifestyle according to several studies
(12-16). Nevertheless, the unexplored aspect is the degree to which
these changeable factors elucidate the impact of education on sepsis.
Understanding this topic can contribute to optimizing sepsis
prevention at both clinical and public health levels.

The utilization of genetic variation as instrumental variables for
causal inference between exposure and disease is a key aspect of
Mendelian randomization (MR) analysis (17). The methodology
employed is similar to that of a randomized controlled trial, which
helps to reduce certain biases and reverse causality that are inherent
in observational studies (18). For this research, we utilized a
two-sample MR approach to examine the distinct causal connection
between education and sepsis. Subsequently, we used multivariable
MR to assess and quantify the mediating effects of these modifiable
factors in sepsis.

2 Materials and methods

2.1 Study design

This study comprised two phases of analysis (see Figure 1). Using
the univariable Mendelian randomization (UVMR) analysis,
we evaluated the connection between education and the risk of sepsis
during the initial stage. During the second stage, potential mediators
linked to education and sepsis were evaluated, and their mediating
impacts were computed utilizing a two-step MR methodology. The
study’s reporting followed the suggestions outlined in the
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE)-MR guidelines (18).

2.2 Data source

In this study, data for EA (educational attainment), mediators, and
sepsis primarily stem from genome-wide association studies (GWAS)
conducted in individuals of European ancestry. Table 1 contains all the
condensed information.

2.2.1 Exposures

Educational attainment was defined as the number of years of
schooling completed by an individual. The genetic instruments for
education were selected from a Genome-Wide Association Study
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(GWAS) on years of schooling conducted by the Social Science
Genetic Association Consortium (SSGAC) on a sample of 1,131,881
individuals of European ancestry (19). Each standard deviation (SD)
represents an increase of 4.2years in educational attainment. The
primary genetic instruments consisted of 371 independent SNPs
(r*<0.001; distance threshold, 10,000kb) that were genome-wide
significant (p<5x107%).

2.2.2 Mediators

We conducted two literature searches using the PubMed database.
The first search identified previously published MR studies on sepsis
and education. The second search identified studies investigating the
association between education and sepsis (for specific search
strategies, see Appendix S2 in Supplementary material). Finally, by
combining these literature reviews, we identified 20 potential
mediators that may underlie the impact of education on the risk of
sepsis (for an overview of the process, please refer to
Supplementary Figure S1). After considering the criteria for selecting
a mediator, a total of 4 factors that can be changed (body mass index,
omega-3 fatty acid, ApoA-I, and Cigarettes smoked per day) were
included in the analysis of mediation. For detailed procedures, please
refer to Supplementary Figure S1.

2.2.3 Outcome

The GWAS conducted in the UK Biobank provided genetic
associations for sepsis. The study involved 10,154 sepsis cases and
452,764 controls (Table 1).

This study used publicly available GWAS data. The data we used
was summarized from published studies that had gained ethical
approval and written consent from participants. The study did not
require ethical approval.

2.3 Statistical analysis

2.3.1 Effect of EA on Sepsis

To determine the overall influence of educational attainment (EA)
on sepsis, we utilized a 2-sample Mendelian randomization (2-sample
MR) technique. Our primary analytical methodology was the
utilization of the Inverse Variance Weighted (IVW) approach. The
findings were displayed as odds ratios (ORs) distributed across a 95%
confidence interval (CI). Within the framework of the IVW approach,
a significance level lower than p<0.05 was deemed suggestive of
possible connections.

2.3.2 Mediation MR analysis

At first, we utilized a MR method that involved two samples to
assess the impact (f1) of education on each mediator factor.
Afterwards, by employing Multivariable Mendelian Randomization
(MVMR), we calculated the causal impact (p2) of every mediator on
the risk of sepsis, while taking into account education as a factor of
adjustment. To evaluate the indirect impact, we employed the
coefficient product approach, which entailed multiplying the
outcomes of the two stages (Bl x 2). Afterwards, we calculated the
ratio of the overall impact of education on sepsis that was influenced
by each mediator individually, by dividing the indirect effect by the
total effect. Standard errors were derived using the delta method,
employing effect estimates obtained from the 2SMR analysis (20).
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TABLE 1 Summary of the GWAS data used in the MR analyses.

Phenotype Unit No of Ancestry Consortium/ Year of PubMed ID
participants cohort publication

Exposure

Education (Years of SD (4.2y) 1,131,881 European SSGAC 2018 30,038,396

schooling)

Outcome

Sepsis Event 486,484 European UK Biobank 2021 NA

Mediators

BMI SD 681,275 European GIANT 2018 30,124,842

Cigarettes smoked per | SD 249,752 European GSCAN 2019 30,643,251

day

Omega-3 SD 114,999 European NA 2020 NA

Apolipoprotein Al SD 115,078 European NA 2020 NA

BMI, body mass index; SD, standard deviation; SSGAC, Social Science Genetic Association Consortium; GIANT, Genetic Investigation of Anthropometric Traits; GSCAN, GWAS &

Sequencing Consortium of Alcohol and Nicotine use.

2.3.3 MR sensitivity analysis

In the analysis of 2-sample MR, we utilized weighted median, MR
Egger, and outlier techniques to evaluate the reliability of the IVW
findings. Concurrently, we utilized MR Egger’s intercept to investigate
pleiotropy and employed the Q' heterogeneity statistic to assess
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heterogeneity. In addition, we performed reverse causation tests to
the of
educational achievement.

The Two Sample MR and MVMR packages in R were used for
all analyses.

investigate impact mediator  variables  on
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3 Results
3.1 Effect of education on sepsis

The MR analysis provided strong evidence suggesting that education
has a significant effect on the risk of sepsis (OR: 0.83, 95% CI: 0.71 to
0.96, p=0.01) per SD increase in EA (Supplementary Table S3).
Furthermore, there were no signs of heterogeneity or horizontal
pleiotropy found (Supplementary Tables 54, S5).

3.2 Effect of EA on mediators

A total of 4 mediators were included in the MR analysis
(Supplementary Figure S1). In the analysis of UVMR, there was a
correlation between an increase of 1-SD in years of education and a
decrease in BMI (p=-0.177 SD, 95% CI —0.226 to —0.128), —a
reduction in smoking intensity (—0.334 SD, 95% CI —0.406 to —0.262),
and higher levels of omega-3 (0.096SD, 95% CI 0.048 to 0.144) and
ApoA-I (0.104SD, 95% CI 0.061 to 0.147) (Table 2). The genetic
instrumental factors for education showed consistent heterogeneity
pleiotropy ~ with  the (See
Supplementary Tables S6, S7). In the bidirectional MR analysis, a

and no mediator  factors
negative correlation was observed only between BMI and educational

attainment, primarily driven by horizontal pleiotropy

(Supplementary Table S8).

3.3 Effect of mediator on sepsis with
adjustment for EA

After adjusting for education, each mediator was significantly
associated with sepsis in the MVMR results. In particular, for every
1-SD increase in BMI (OR: 1.51, 95% CI: 1.37-1.65) and cigarettes
smoked per day (OR: 1.23, 95% CI: 1.12-1.34). In contrast, each 1-SD
increase in omega-3 levels (OR: 0.93, 95% CI: 0.87-0.99) and ApoA-I
levels (OR: 0.89, 95% CI: 0.83-0.97) was associated with a reduced risk
of sepsis after adjusting for education (Supplementary Table S9).

10.3389/fpubh.2024.1330606

3.4 Individual proportion mediated

The mediator factors that were chosen, ranked by the proportion
of mediation, are BMI (38.8%; [95% CI 23.3% ~55.1%]), smoking
(36.5%; [95% CI 17.4-56.2%]), ApoA-I (6.3%; [95% CI 1.2-11.6%))
and omega-3 (3.7%; [95% CI 0.2-7.2%])according to Figure 2.

4 Discussion

Our MR study found evidence indicating both a causal and
protective impact of education on sepsis. Each additional unit of
education (equivalent to 4.2 years) resulted in a decrease of about
17% in the risk of sepsis. In addition, our research identified four
factors as causal mediators in the pathway from education to
sepsis, including BMI (38.8%), smoking (36.5%), ApoA-I (6.3%),
and omega-3 (3.7%).Our study underscores the substantial
mediating role of obesity-related traits and smoking in the
pathogenesis from education to sepsis. Therefore, improving
interventions aimed at these factors could potentially decrease the
occurrence of sepsis.

Indeed, previous observational research has shown that
increased levels of educational achievement act as a safeguard
against sepsis. As reported by Wang et al. (21), lower educational
levels are associated with a higher risk of sepsis (HR: 1.88; 95% CI,
1.54-2.29). However, the authors did not control for other
confounding factors such as comorbidities, race, and health
behaviors. Another cohort study using propensity scores (22),
after accounting for other socioeconomic factors, individuals with
a moderate level of education exhibited a higher risk of intensive
care unit (ICU) admission due to sepsis when compared to those
with a higher level of education. Furthermore, prior investigations
suggested that within the ICU, sepsis patients with limited
education displayed a tendency for early readmission (23).
However, it is important to note that the majority of the
information discussed here originated from observational studies,
which may not have adequately considered residual confounding
variables, thus lacking definitive establishment of causation. As

TABLE 2 UVMR assessing the causal association between education and each mediator.

Mediator Method No of SNPs B (95% CI) p-value
BMI vw 197 —0.177 (—0.226 to —0.128) 1.27e-12
WM 197 —0.171 (-0.212 to —0.129) 1.20e-15
MR Egger 197 —0.172 (—0.402 to 0.056) 1.41e-01
Cigarettes smoked per day VW 300 —0.334 (—0.406 to —0.262) 8.86e-20
WM 300 —0.284 (—0.372 to —0.197) 1.88e-10
MR Egger 300 —0.165 (—0.447 t0 0.116) 2.50e-01
Omega-3 vw 303 0.096 (0.048 to 0.144) 7.36e-05
WM 303 0.086 (0.023 to 0.148) 6.91e-03
MR Egger 303 0.101 (—0.087 to 0.288) 2.94e-01
ApoA-I vw 306 0.104 (0.061 to 0.147) 2.71e-06
WM 306 0.082 (0.027 to 0.138) 3.41e-03
MR Egger 306 0.079 (—0.092 to 0.251) 3.65e-01

BMI, body mass index; ApoA-I, Apolipoprotein; IVW, inverse variance weighted; WM, Weighted Median; OR, odds ratio; CI, confidence interval; the significance was at p <0.05.
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far as we know, our MR analysis was the first to demonstrate that
a 17% decrease in the risk of sepsis with each SD (equivalent to
4.2 years) increase in education attainment. Although education
is usually achieved during early years, it has the potential to
impact the desire for knowledge and well-being in later stages of
life (24), thus leading to enhancements in lifestyle choices. Hence,
potentially addressing issues of educational inequality and
contributing to efforts in preventing sepsis and its associated
health burdens.

Another notable finding in this research was the revelation of
intermediary elements that clarify the connection between education
and sepsis. During this investigation, a thorough examination revealed
four factors that cause mediation. Intriguingly, obesity-related traits
(BMI) and smoking, individually, mediated more than 35% of the
overall mediation effects. Previously conducted observational studies
(25, 26) and Mendelian research (12, 13, 27) have established a close
association between obesity, smoking, and sepsis. Moreover, the
HUNT investigation has revealed that the combined influence of
smoking and alcohol intake contributes to 57% of the sepsis
vulnerability linked to lower educational attainment (9). However, in
our MR analysis, no causal relationship was discerned between alcohol
consumption and sepsis. Furthermore, our MR study has discovered
that omega-3 and ApoA-I, among the range of metabolic markers, have
a causal role of 3.7 and 6.3% correspondingly, in influencing the risk of
sepsis related to education. Remarkably, education maintains
independent correlations with various metabolic parameters, including
omega-3 fatty acids and Apolipoprotein Al, even after adjustment for
BMI and smoking (28). This association could be partially explained
by differences in eating patterns (28). Previous Mendelian research (27,
29) have shown that increased amounts of omega-3 and ApoA-I have
the potential to reduce the risk of sepsis. The exact mechanisms are still
unknown but could potentially include changes in the gut microbiome
and increased production of substances that reduce inflammation
(30-32). To summarize, the promotion of a healthier way of life, which

Mediators Proportion Proportion(95%CI)
Omega-3 o 3.7(0.2,7.2)
ApoA-I —— 6.3(1.2,11.6)
Smoking —— 36.5(17.4,56.2)

BMI e 38.8(23.3,55.1)
T T T T T T 1
<10 0 10 20 30 40 50 60
FIGURE 2
MR estimates of mediator-mediated proportions in the causal
relationship between education and sepsis.
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includes consistent physical activity, healthy eating habits, and avoiding
smoking, can result in substantial advantages for public health.
Additionally, reinforcing public health education can help control the
occurrence of sepsis.

To the best of our understanding, this study is the first Mendelian
randomization attempt to uncover the causal influence of education
on sepsis, while also identifying the causal factors that link education
and sepsis. This endeavor possesses several notable strengths. By using
SNPs as genetic instruments, biases caused by confounding and
reverse causation are reduced, allowing for accurate causal estimates
of the effect of education on outcomes. Its purpose is to remove the
impact of elements like socioeconomic status and additional
environmental factors. Additionally, we utilized the most recent data
from the sepsis genome-wide association study (GWAS), which
showed limited similarity with exposure or mediator. Furthermore, in
our analysis comparing two samples, we conducted several sensitivity
analyses to mitigate the effects of horizontal pleiotropy and biases
originating from other factors, thereby showcasing the resilience of
our research.

This study also carries certain limitations. Initially, because of
limitations in database accessibility, certain vital variables, like age,
sex, atmospheric contamination, and personal behavioral actions (for
instance, sedentary behavior, watching television), were unable to
be examined. Furthermore, the continuous existence of SNP
heterogeneity could potentially introduce prejudice and affect the
reliability of our MR findings. Additionally, the majority of the
individuals involved in the study were of European origin. Therefore,
it is important to be cautious when generalizing our research results
to different ethnic populations or to countries with lower- and
middle-income levels.

5 Conclusion

The findings of our research confirm that having a higher level of
education reduces the risk of developing sepsis. This causal effect is
partially mediated by obesity and smoking. It underscores the significant
public health importance of enhancing the metabolism and lifestyle of
individuals with lower education levels for the prevention of sepsis.

Data availability statement
The original contributions presented in the study are included in

the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

YL: Writing - original draft. LC: Writing - review & editing. CH:
Writing - original draft. XW: Writing - original draft. PP: Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1330606
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Lanetal.

Acknowledgments

The authors extend their gratitude to all investigators for making
the data publicly accessible. Additionally, the authors sincerely
appreciate the Physician Scientist Team for their enthusiastic and

meticulous instruction and guidance on the Mendelian

randomization study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M,
et al. The third international consensus definitions for Sepsis and septic shock (Sepsis-3).
JAMA. (2016) 315:801-10. doi: 10.1001/jama.2016.0287

2. Seymour CW, Kennedy JN, Wang S, Chang CH, Elliott CE, Xu Z, et al. Derivation,
validation, and potential treatment implications of novel clinical phenotypes for Sepsis.
JAMA. (2019) 321:2003-17. doi: 10.1001/jama.2019.5791

3. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al.
Global, regional, and national sepsis incidence and mortality, 1990-2017: analysis for
the global burden of disease study. Lancet. (2020) 395:200-11. doi: 10.1016/
S0140-6736(19)32989-7

4. Rosengren A, Smyth A, Rangarajan S, Ramasundarahettige C, Bangdiwala SI,
AlHabib KE, et al. Socioeconomic status and risk of cardiovascular disease in 20 low-
income, middle-income, and high-income countries: the prospective urban rural
epidemiologic (PURE) study. Lancet Glob Health. (2019) 7:¢748-60. doi: 10.1016/
$2214-109X(19)30045-2

5. LuJ, Wu C, Zhang X, Yang Y, Cui J, Xu W, et al. Educational inequalities in mortality
and their mediators among generations across four decades: nationwide, population
based, prospective cohort study based on the ChinaHEART project. BMJ. (2023)
382:e073749

6. Schultz WM, Kelli HM, Lisko JC, Varghese T, Shen ], Sandesara P, et al
Socioeconomic status and cardiovascular outcomes: challenges and interventions.
Circulation. (2018) 137:2166-78. doi: 10.1161/CIRCULATIONAHA.117.029652

7. Vilar-Gomez E, Nephew LD, Vuppalanchi R, Gawrieh S, Mladenovic A, Pike F, et al.
High-quality diet, physical activity, and college education are associated with low risk of
NAFLD among the US population. Hepatology. (2022) 75:1491-06. doi: 10.1002/
hep.32207

8. Galiatsatos P, Brigham EP, Pietri ], Littleton K, Hwang S, Grant MC, et al. The effect
of community socioeconomic status on sepsis-attributable mortality. ] Crit Care. (2018)
46:129-33. doi: 10.1016/j.jcrc.2018.01.008

9. Stensrud VH, Gustad LT, Damas JK, Solligard E, Krokstad S, Nilsen TIL. Direct and
indirect effects of socioeconomic status on sepsis risk and mortality: a mediation
analysis of the HUNT study. ] Epidemiol Community Health. (2023) 77:168-74. doi:
10.1136/jech-2022-219825

10. Nordahl H, Rod NH, Frederiksen BL, Andersen I, Lange T, Diderichsen F, et al.
Education and risk of coronary heart disease: assessment of mediation by behavioral risk
factors using the additive hazards model. Eur J Epidemiol. (2013) 28:149-57. doi:
10.1007/s10654-012-9745-z

11. Nejatinamini S, Godley J, Minaker LM, Sajobi TT, McCormack GR, Cooke M]J,
et al. Quantifying the contribution of modifiable risk factors to socio-economic
inequities in cancer morbidity and mortality: a nationally representative population-
based cohort study. Int ] Epidemiol. (2021) 50:1498-11. doi: 10.1093/ije/dyab067

12. Ponsford MJ, Gkatzionis A, Walker VM, Grant AJ, Wootton RE, Moore LSP, et al.
Cardiometabolic traits, Sepsis, and severe COVID-19: a Mendelian randomization
investigation. Circulation. (2020) 142:1791-3. doi: 10.1161/CIRCULATIONAHA.120.
050753

13. Wang J, Hu Y, Zeng J, Li Q, He L, Hao W, et al. Exploring the causality between
body mass index and Sepsis: a two-sample Mendelian randomization study. Int ] Public
Health. (2023) 68:1605548. doi: 10.3389/ijph.2023.1605548

14. Butler-Laporte G, Harroud A, Forgetta V, Richards JB. Elevated body mass index
is associated with an increased risk of infectious disease admissions and mortality: a
mendelian randomization study. Clin Microbiol Infect. (2020)

15. Thorkildsen MS, Gustad LT, Mohus RM, Burgess S, Nilsen TIL, Damas JK, et al.
Association of Genetically Predicted Insomnia with Risk of Sepsis: a Mendelian
randomization study. JAMA Psychiatry. (2023)

Frontiers in Public Health

10.3389/fpubh.2024.1330606

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1330606/
full#supplementary-material

16. Rosoff DB, Yoo J, Lohoff FW. Smoking is significantly associated with increased
risk of COVID-19 and other respiratory infections. Commun Biol. (2021) 4:1230. doi:
10.1038/s42003-021-02685-y

17. Smith GD, Ebrahim S. 'Mendelian randomization': can genetic epidemiology
contribute to understanding environmental determinants of disease? Int | Epidemiol.
(2003) 32:1-22. doi: 10.1093/ije/dyg070

18. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swanson
SA, et al. Strengthening the reporting of observational studies in epidemiology using
Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614-21. doi:
10.1001/jama.2021.18236

19. Lee JJ, Wedow R, Okbay A, Kong E, Maghzian O, Zacher M, et al. Gene discovery
and polygenic prediction from a genome-wide association study of educational
attainment in 1.1 million individuals. Nat Genet. (2018) 50:1112-21. doi: 10.1038/
s41588-018-0147-3

20. MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev Psychol.
(2007) 58:593-14. doi: 10.1146/annurev.psych.58.110405.085542

21. Wang HE, Shapiro NI, Griffin R, Safford MM, Judd S, Howard G. Chronic medical
conditions and risk of sepsis. PLoS One. (2012) 7:¢48307. doi: 10.1371/journal.
pone.0048307

22. Storm L, Schnegelsberg A, Mackenhauer J, Andersen LW, Jessen MK, Kirkegaard
H. Socioeconomic status and risk of intensive care unit admission with sepsis. Acta
Anaesthesiol Scand. (2018) 62:983-92. doi: 10.1111/aas.13114

23. Schnegelsberg A, Mackenhauer J, Nibro HL, Dreyer P, Koch K, Kirkegaard H. Impact
of socioeconomic status on mortality and unplanned readmission in septic intensive care
unit patients. Acta Anaesthesiol Scand. (2016) 60:465-75. doi: 10.1111/aas.12644

24. Wang Y, Ye C, Kong L, Zheng J, Xu M, Xu Y, et al. Independent associations of
education, intelligence, and cognition with hypertension and the mediating effects of
Cardiometabolic risk factors: a Mendelian randomization study. Hypertension. (2023)
80:192-03. doi: 10.1161/HYPERTENSIONAHA.122.20286

25. Zhang N, Liu Y, Yang C, Zeng P, Gong T, Tao L, et al. Association between smoking
and risk of death in patients with sepsis: a systematic review and meta-analysis. Tob
Induc Dis. (2022) 20:1-9. doi: 10.18332/tid/150340

26. Wang HE, Griffin R, Judd S, Shapiro NI, Safford MM. Obesity and risk of sepsis:
a population-based cohort study. Obesity (Silver Spring). (2013) 21:E762-9. doi: 10.1002/
oby.20468

27.Lou C, Meng Z, Shi YY, Zheng R, Qian SZ, Pan J. Genetic association of lipids and
lipid-lowering drugs with sepsis: a Mendelian randomization and mediation analysis.
Front Cardiovasc Med. (2023) 10:1217922. doi: 10.3389/fcvm.2023.1217922

28. Robinson O, Carter AR, Ala-Korpela M, Casas JP, Chaturvedi N, Engmann J, et al.
Metabolic profiles of socio-economic position: a multi-cohort analysis. Int ] Epidemiol.
(2021) 50:768-82. doi: 10.1093/ije/dyaal88

29.Lei P, Xu W, Wang C, Lin G, Yu S, Guo Y. Mendelian randomization analysis
reveals causal associations of polyunsaturated fatty acids with Sepsis and mortality risk.
Infect Dis Ther. (2023) 12:1797-08. doi: 10.1007/s40121-023-00831-z

30. Chen YL, Xie YJ, Liu ZM, Chen WB, Zhang R, Ye HX, et al. Omega-3 fatty acids
impair miR-1-3p-dependent Notch3 down-regulation and alleviate sepsis-induced
intestinal injury. Mol Med. (2022) 28:9. doi: 10.1186/s10020-021-00425-w

31. Kaliannan K, Wang B, Li XY, Kim K]J, Kang JX. A host-microbiome interaction
mediates the opposing effects of omega-6 and omega-3 fatty acids on metabolic
endotoxemia. Sci Rep. (2015) 5:11276. doi: 10.1038/srep11276

32. Makris GC, Geroulakos G, Makris MC, Mikhailidis DP, Falagas ME. The
pleiotropic effects of statins and omega-3 fatty acids against sepsis: a new perspective.
Expert Opin Investig Drugs. (2010) 19:809-14. doi: 10.1517/13543784.2010.490830

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1330606
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1330606/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1330606/full#supplementary-material
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2019.5791
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S0140-6736(19)32989-7
https://doi.org/10.1016/S2214-109X(19)30045-2
https://doi.org/10.1016/S2214-109X(19)30045-2
https://doi.org/10.1161/CIRCULATIONAHA.117.029652
https://doi.org/10.1002/hep.32207
https://doi.org/10.1002/hep.32207
https://doi.org/10.1016/j.jcrc.2018.01.008
https://doi.org/10.1136/jech-2022-219825
https://doi.org/10.1007/s10654-012-9745-z
https://doi.org/10.1093/ije/dyab067
https://doi.org/10.1161/CIRCULATIONAHA.120.050753
https://doi.org/10.1161/CIRCULATIONAHA.120.050753
https://doi.org/10.3389/ijph.2023.1605548
https://doi.org/10.1038/s42003-021-02685-y
https://doi.org/10.1093/ije/dyg070
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1038/s41588-018-0147-3
https://doi.org/10.1038/s41588-018-0147-3
https://doi.org/10.1146/annurev.psych.58.110405.085542
https://doi.org/10.1371/journal.pone.0048307
https://doi.org/10.1371/journal.pone.0048307
https://doi.org/10.1111/aas.13114
https://doi.org/10.1111/aas.12644
https://doi.org/10.1161/HYPERTENSIONAHA.122.20286
https://doi.org/10.18332/tid/150340
https://doi.org/10.1002/oby.20468
https://doi.org/10.1002/oby.20468
https://doi.org/10.3389/fcvm.2023.1217922
https://doi.org/10.1093/ije/dyaa188
https://doi.org/10.1007/s40121-023-00831-z
https://doi.org/10.1186/s10020-021-00425-w
https://doi.org/10.1038/srep11276
https://doi.org/10.1517/13543784.2010.490830

	Associations of educational attainment with Sepsis mediated by metabolism traits and smoking: a Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data source
	2.2.1 Exposures
	2.2.2 Mediators
	2.2.3 Outcome
	2.3 Statistical analysis
	2.3.1 Effect of EA on Sepsis
	2.3.2 Mediation MR analysis
	2.3.3 MR sensitivity analysis

	3 Results
	3.1 Effect of education on sepsis
	3.2 Effect of EA on mediators
	3.3 Effect of mediator on sepsis with adjustment for EA
	3.4 Individual proportion mediated

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions

	References

