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PART 1 (Importance of the manuscript) 

	
	Comments of the Reviewers
	Author’s Feedback 


	Please write a few sentences regarding the importance of this manuscript for the scientific community. A minimum of 3-4 sentences may 
be required for this part.
	The manuscript addresses a clinically important and still unresolved question in critical-care nephrology: whether the surges of circulating cytokines and gut-derived metabolites seen in sepsis-associated acute kidney injury (SA-AKI) are upstream causes of organ injury or downstream consequences of impaired renal clearance. Observational ICU biomarker studies cannot separate these two possibilities, so a Mendelian randomization (MR) design that combines forward, bidirectional, cross-biobank and two-step mediation analyses using large public resources (SCALLOP, CLSA, FinnGen R12, UKB-FinnGen) is a sensible and timely approach.
If robust, the finding that genetic liability to sepsis raises AKI risk, together with largely null results for classical uremic toxins and "cytokine storm" markers, could help steer biomarker development and trial design away from downstream solutes toward upstream targets. The prioritised candidates (TRAIL, CCL19, IL-6R signalling, sulfated bile acids, N-acetylkynurenine, butyrylcarnitine) are of potential interest as hypothesis-generating leads, and the authors are commendably transparent that none of these biomarker signals survives FDR correction. The use of the STROBE-MR framework and the open reporting of null results are strengths.
However, in its present form the strength of inference is considerably lower than the manuscript claims. The central sepsis-to-AKI estimate relies on fully overlapping FinnGen samples and weak polygenic instruments, the "replication" is not independent, the mediation analysis is applied to exposures with null total effects, and the conclusion that uremic/cytokine surges "reflect reverse causation" is not supported (indeed, the reverse MR models were all null). The work can become a useful contribution after major methodological clarification and substantial toning down of the conclusions (details in Part 2.2).
	



PART 2.1 (Objective Evaluation)

	
	Rating of the Reviewers
	Author’s Feedback (Revision of the Manuscript and Feedback of Authors are mandatory for Rating of 2 and 1)

	1. Is the title clear and appropriate for the study? 
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	3 – Satisfactory
Informative but excessively long (about 30 words); "Causal Effects" overstates what was found and the study does not analyse SA-AKI directly (see Part 2.2).
	

	2. Is the abstract of the article comprehensive? 
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	3 – Satisfactory
Contains the key numbers and structure, but it is very dense, presents nominal findings (FDR 0.16–0.54) as established ("emerged", "confirms"), and the "Place and Duration" entry is not meaningful for a summary-statistics analysis.
	

	3. Are the keywords appropriate and useful?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	4 – Good
Appropriate and searchable. Consider adding "two-step mediation", "FinnGen" and "pQTL".
	

	4. Is the background information of the paper sufficient and well organized?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	4 – Good
Comprehensive and well organised, but overly long; mechanistic statements (e.g., OAT1/OAT3 kinetics) are presented as settled fact and could be condensed by about one-third.
	

	5. Are the research objectives/hypotheses clearly stated?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	3 – Satisfactory
Aims are stated in the abstract and at the end of the Introduction, but no explicit hypotheses are given and the aim of establishing a "definitive human genetic hierarchy" is not achievable with the data used.
	

	6. Is the literature review relevant and up to date?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	3 – Satisfactory
Recent (2023–2026) and extensive, but several references are tangential or are cited for content they do not provide (e.g., refs 5, 9, 11, 13, 20–24, 34); key methodological MR sources are missing.
	

	7. Is the research methodology appropriate for the study?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	2 – Needs Improvement
MR is the right family of methods, but there are major concerns: complete sample overlap and shared phenotype between sepsis and AKI in FinnGen, weak/pleiotropic polygenic instruments, non-independent replication, mediation without total effects, and single-SNP instruments (see Part 2.2, points 1–7).
	

	8. Were ethical issues properly addressed (if applicable)?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	4 – Good
Secondary analysis of public, de-identified summary statistics; ethics and consent statements are adequate.
	

	9. Are the results presented clearly? 
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	3 – Satisfactory
Very thorough but extremely dense; long runs of ORs in prose duplicate the tables. There are internal inconsistencies (e.g., Figure 3 caption vs text/Table 5) and the text describes sensitivity results as more supportive than the tables show.
	

	10. Are tables and figures clear, relevant, and necessary?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable


	3 – Satisfactory
Seven tables and five figures are relevant, but Tables 3–4 are very long (candidates for supplement), the Figure 3 caption conflicts with the figure panels and Table 5, and Layer 4 results would be clearer in a single forest plot with CIs.
	

	11. Does the discussion relate findings to existing literature?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	3 – Satisfactory
Relates findings to prior MR studies (e.g., Hamilton et al. on IL6R) but largely offers extended mechanistic narrative for nominal signals that is speculative; the discussion of limitations of prior work and conflicting findings is thin.
	

	12. Are the conclusions supported by the data?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	2 – Needs Improvement
Only the sepsis-to-AKI association survives FDR, and it is vulnerable to overlap bias. The conclusions on reverse causation, "landmark negative findings", mediated and direct effects, and "definitive hierarchy" go beyond the data.
	

	13. Are the limitations of the study discussed?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor N/A = Not Applicable
	3 – Satisfactory
Five limitations are listed and the nominal/FDR issue is acknowledged, but sample overlap is dismissed without evidence, and power, instrument pleiotropy, single-SNP instruments and phenotype overlap are not discussed.
	

	14. Are the references relevant and sufficient (in number)?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor 
N/A = Not Applicable
	3 – Satisfactory
45 references with good recency, but relevance/accuracy is uneven: several methodological statements are supported by applied MR papers rather than the original methods papers (see Part 2.2).
	

	15. Is the manuscript written in clear and understandable language?
Rating Scale: 
5 = Excellent 4 = Good 3 = Satisfactory 2 = Needs Improvement 1 = Poor 
N/A = Not Applicable
	3 – Satisfactory
Grammatically correct but extremely verbose and jargon-heavy, with unusually long sentences and promotional wording ("definitive", "landmark", "compelling"). Needs substantial condensation and a neutral tone.
	




PART 2.2 (Subjective Evaluation)

	
	Reviewer’s comment

	Author’s Feedback (It is mandatory that authors should write his/her feedback here)


	Is the title of the article suitable?

If your answer is NO, please provide a brief, clear suggestion for improvement.

	YES. The title is clear in topic but overlong, and it implies more than the design can show.
Issues: (i) "Causal Effects" is stronger than the evidence (no biomarker passes FDR); (ii) the study does not analyse SA-AKI (no sepsis-restricted AKI phenotype is available), only sepsis and AKI as separate registry diagnoses; (iii) "Four-Layer" is a descriptive label rather than a standard design term.
Suggested title: "Genetic Evidence on the Roles of Circulating Cytokines, Gut Microbiota-Derived Metabolites and Sepsis in Acute Kidney Injury: A Bidirectional and Two-Step Mendelian Randomization Study".
	

	Is the abstract of the article comprehensive? 

If your answer is NO, please provide a brief, clear suggestion for improvement.

	Yes Comprehensive. The abstract contains all required headings and the key numbers, but it needs revision.
1. "Place and Duration of Study: Genomic epidemiology analysis across international repositories through October 2026" is not meaningful; state data sources and release dates/analysis period.
2. Replace wording such as "Direct AKI risk emerged", "increased", "protective" and "Genetics confirms" with "nominal association" and report that none of the biomarker signals survived FDR (BH-FDR 0.16–0.54); only sepsis-to-AKI did.
3. The conclusion that uremic and cytokine surges "reflect reverse causation" should be removed or reworded: it is not tested by MR, and the 14 reverse MR models were null.
4. State that sepsis and AKI both come from FinnGen R12 (overlapping participants), that instruments for the disease-level analysis were polygenic (P < 5 × 10^-6, mean F about 23), and that mediation estimates are uncorrected for multiple testing.
5. Give the effect scale (per SD of biomarker; per log-odds of liability) and report 95% CIs for headline estimates; remove the excess of p-values for minor results to improve readability.
	

	Is the manuscript scientifically, correct? 

If your answer is NO, please provide a brief, clear suggestion for improvement
.
	YES. The MR framework is appropriate, but the following major issues must be addressed before the conclusions can be considered scientifically sound.
1. Sample and phenotype overlap in the central result. Sepsis (AB1-OTHER-SEPSIS) and AKI (N14-ACUTERENFAIL) are both taken from FinnGen R12, i.e., essentially the same participants, and are often co-coded in the same hospital episodes (AKI is itself a Sepsis-3 organ-dysfunction criterion). With weak polygenic instruments (P < 5 × 10^-6, mean F about 23.5) this biases IVW towards the observational association. The statement that overlap "did not generate spurious positives" (Limitations, third point) is unsupported. Please use a sepsis GWAS from a cohort not included in the AKI outcome (or a sample-overlap-adjusted method such as MRlap), report the overlap proportion, and show results with strict genome-wide instruments, which in FinnGen were non-significant (OR 1.298, p = 0.087, k = 3).
2. Layer 2 is not an independent replication. The UKB-FinnGen AKI meta-analysis includes FinnGen participants, and the sepsis instruments derive from FinnGen. The strict-instrument OR of 1.808 (95% CI 1.162–2.813, k = 2) is far larger than 1.281 and is based on two SNPs; MR-Egger for the polygenic model is null (OR 1.080, p = 0.42). Please clarify the exact composition, ancestry and accession of the meta-analysis dataset, and describe it as partial/non-independent replication.
3. Biomarker signals do not replicate across outcome datasets and none survives FDR. Taurocholenate sulfate (FinnGen OR 1.089 vs meta 1.003), glycochenodeoxycholate 3-sulfate (0.997 vs 1.124), butyrylcarnitine C4 (1.000 vs 0.958), IL-12B (1.065 vs 0.982) and N-acetylkynurenine (1.062 vs 0.977) are each nominal in one dataset and null in the other. Describing the bile acids as the "most consistent multi-trait finding" and giving extensive mechanisms for them is not justified. Mechanistic Discussion (Section 4.2) should be shortened and clearly labelled hypothesis-generating.
4. Sensitivity analyses are over-interpreted. Section 3.4 states "complete absence" of heterogeneity and pleiotropy and "directionally identical" estimates, but with k = 3–4 SNPs, Cochran's Q, MR-Egger (1 df when k = 3) and leave-one-out have almost no power. Weighted median is non-significant for TRAIL (p = 0.062), glycochenodeoxycholate 3-sulfate (0.143), IL-12B (0.167), N-acetylkynurenine (0.068) and IL-6 (0.094); MR-Egger is non-significant for all biomarker signals, and the IL-12B Egger OR is 0.998. Also, heterogeneity was clear for AKI-to-sepsis (Q p = 6.5 × 10^-4; UMOD instrument Q p = 1.7 × 10^-4) and for Sepsis-to-IL-12B (Q p = 1.0 × 10^-4), yet the latter is called "null" and unproblematic.
5. Instrument validity and pleiotropy. Several instruments are dominated by highly pleiotropic or kidney-related loci: SH2B3 rs3184504 (IL-12B), SLCO1B1 rs4149056 (bile acids), NAT8 rs13392272 (N-acetylkynurenine; a well-known eGFR/CKD locus, so the instrument may act through kidney function and violate the exclusion restriction), UMOD (AKI instrument), and ACADS rs3916 (F = 5,240 effectively makes butyrylcarnitine a single-SNP instrument). Please add MR-PRESSO or equivalent outlier tests, colocalisation (for cis-pQTL instruments), and multivariable MR adjusting for kidney function/eGFR and, where possible, for CRP/IL-6 pathways.
6. Two-step mediation is not valid as applied. (a) Mediation requires a total effect, but for TRAIL, CCL19, 6-bromotryptophan, cis-IL6R and IL-6 the total effect on AKI is null (p = 0.078–0.62). (b) For CCL19 and IL-6 the total and indirect effects have opposite signs (e.g., β_total = +0.039 vs β_ind = −0.021), so "protective mediation" is incoherent (inconsistent mediation/suppression). (c) "Direct effects" are obtained by subtraction without SEs/CIs and cannot be called "direct renal parenchymal" effects since no kidney-specific outcome is modelled. (d) The mediator is sepsis liability with weak polygenic instruments and overlapping samples. (e) Indirect-effect p-values (0.0135–0.0461) are uncorrected for 12 tests and would not remain significant after BH correction; Sobel/Delta methods are unreliable for near-null effects. Please report proportion mediated with bootstrap CIs, correct for multiplicity, and reframe as exploratory.
7. cis-IL6R interpretation. The exposure is circulating IL-6 level, but the instrument is the missense variant rs2228145 whose main effect is on IL-6R shedding/soluble IL-6R, and it is strongly pleiotropic (CRP, fibrinogen, etc.). A single-SNP Wald ratio cannot be tested for pleiotropy, the OR (0.858) is per SD of IL-6 level, and the polygenic IL-6 instrument shows no concordant effect on AKI. Calling this "IL-6R blockade" and linking to tocilizumab/sarilumab requires using a validated IL6R proxy (e.g., CRP- or sIL-6R-scaled, as in Hamilton et al.) and should not be described as "independently validating" prior work.
8. The "reverse causation" conclusion is not supported. MR of lifelong genetic liability to AKI is a poor proxy for acute loss of filtration and OAT1/OAT3 secretory failure in ICU patients; moreover, only 14 reverse models for 7 biomarkers were run, none for p-cresol glucuronide, phenylacetate, TRAIL or CCL19, and all were null. A null forward MR plus null reverse MR cannot establish that ICU surges "reflect reverse causation". The statements "zero genetically predicted causal effect", "landmark negative finding" and "compelling human genetic evidence" must be removed.
9. Power. Null findings for uremic toxins and cytokines rest on small instruments (p-cresol glucuronide and phenylacetate k = 1; most Zhao cytokines k = 2–7) and wide CIs (e.g., phenylacetate OR 1.183, 0.911–1.536; p-cresol glucuronide OR 0.902, 0.670–1.214). No power or minimal-detectable-effect calculation is given. Key toxins discussed in the text (indoxyl sulfate, p-cresol sulfate, TMAO) were not analysed. Also, plasma levels in general-population GWAS partly reflect kidney function, and lifelong levels in healthy people differ from acute ICU concentrations.
10. Incorrect statements on bias. 0% overlap with FinnGen does not "completely eliminate winner's curse" (that arises from selecting instruments in the same discovery GWAS used for the exposure estimate), and F > 20 with a "< 4.9% bias" bound applies only under no overlap and no winner's curse. Also, the Ahola-Olli (YFS/FINRISK) cytokines are Finnish and FINRISK participants contribute to FinnGen, so overlap is not mitigated by "F > 20 and UKB replication" (Table 1). LD clumping is described as a ±10 Mb window "guaranteeing r² < 0.001" without naming the reference panel; please specify and justify the use of different thresholds (5 × 10^-8 vs 5 × 10^-6) across exposure families.
11. Internal inconsistencies. (i) The Figure 3 caption (as given in the manuscript text) reports IL-12B k = 9, OR 1.078, p = 0.0080 and N-acetylkynurenine OR 1.053, p = 0.0369, whereas Table 5, Section 3.3/3.4 and the figure panels give k = 7, OR 1.065, p = 0.0290 and OR 1.062, p = 0.0491. (ii) Methods say "five canonical axes" but list six. (iii) The text states that no multi-SNP signal shows heterogeneity, while Table 5/6 show significant Q for AKI-to-sepsis and Sepsis-to-IL-12B. (iv) The Discussion states the three sulfated bile acids "converge" although glycodeoxycholate 3-sulfate is non-significant in both datasets (p = 0.063, 0.092).
12. Reporting. Individual SNP-level data, the 305 model outputs and code are available only "on request"; for STROBE-MR these should be deposited (e.g., Zenodo/GitHub or supplementary tables), together with the completed STROBE-MR checklist. Please state exposure units and transformations, the exact effect alleles/units for ORs, and state that the analysis was not pre-registered.
13. Presentation. The manuscript is excessively long and dense (very long sentences; strings of ORs in prose repeating the tables). Please condense Introduction, Results and Discussion substantially (move Tables 3–4 and SNP-level details to supplement), and replace promotional wording with neutral language.
	

	Are the references sufficient and recent? 
(YES or NO)

If your answer is NO, please provide clear suggestion for improvement.

	YES sufficient and correct. The number (45) and recency (mostly 2023–2026) are adequate, but several references do not support the statements they are cited for, and key methodological sources are missing.
1. Methodological statements are supported by applied MR papers instead of the original methods papers: ref 11 (SLC13A5 MR paper) for IVW/instrument assumptions and weak-instrument bias; ref 20 (applied MR on sepsis drug targets) for MR-Egger; ref 21 (COPD-AKI MR) for weighted median; ref 22 (GERD-sepsis MR) for MR Steiger; ref 23 (applied sepsis MR) for leave-one-out; ref 24 (radial multivariable MR, Spiller et al.) for two-step mediation MR. Please cite the original sources (e.g., Burgess et al. 2013 for IVW; Bowden et al. 2015 for MR-Egger; Bowden et al. 2016 for weighted median; Hemani et al. 2017 for Steiger; Relton & Davey Smith 2012 and Carter et al. 2021 for two-step MR; Burgess et al. 2016 or Sanderson et al. for overlap/weak instruments).
2. Other citations appear mismatched: ref 5 (metabolomics/machine-learning biomarker study) is cited for "dozens of failed clinical trials"; ref 9 (pyridoxic acid as an OAT-clearance marker for meropenem) is cited for renal handling of cytokines and uremic toxins; ref 13 (CX3CL1/UMOD MR) for the structure of biobank GWAS; ref 34 (chrysophanol pharmacology) for observational IL-18/MCP-1 literature; ref 37 (bilirubin-removal case series) for bile acid mechanism. Primary sources (e.g., trials of anti-inflammatory/anti-cytokine therapy in sepsis; observational IL-18/NGAL/KIM-1 SA-AKI cohorts; OAT/uremic toxin handling) should be cited instead.
3. Relevant literature on observational and MR studies of sepsis-AKI biomarkers, cis-pQTL-based drug-target MR in sepsis, and sample-overlap bias in two-sample MR should be added. All references should be checked carefully for accuracy (volume/page, DOI) by the authors.
	

	Are there ethical issues in this manuscript?
(YES or NO)

(If yes, kindly please write down the ethical issues here in details)

	NO. The study is a secondary analysis of publicly available, de-identified GWAS summary statistics, and the consent and ethical approval statements are adequate.
Minor points: (a) the consent statement is generic and should say that no new participant data were collected and refer to the original cohort approvals; (b) the data/code availability "on request" should be improved (see point 12 above); (c) the AI-use declaration (Grammarly, ChatGPT for language and reference formatting) is appropriate, but given the reference-accuracy issues above, the authors should confirm that every reference was manually verified.
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