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Appendix A: Search strategy
[bookmark: _GoBack]Embase 1974 to present 
 
1 exp renal replacement therapy/ 
2 kidney disease/ 
3 chronic kidney disease/ 
4 kidney failure/ 
5 chronic kidney failure/ 
6 mild renal impairment/ 
7 stage 1 kidney disease/ 
8 moderate renal impairment/ 
9 severe renal impairment/ 
10 end stage renal disease/ 
11 renal replacement therapy-dependent renal disease/ 
12 diabetic nephropathy/ 
13 kidney transplantation/ 
14 renovascular hypertension/
15 (hemodialysis or haemodialysis).tw. 
16 (hemofiltration or haemofiltration).tw. 
17 (hemodiafiltration or haemodiafiltration).tw. 
18 dialysis.tw. 
19 (CAPD or CCPD or APD).tw.
20 (kidney disease* or renal disease* or kidney failure or renal failure).tw.
21 (CKF or CKD or CRF or CRD).tw. 
22 (ESRF or ESKF or ESRD or ESKD).tw. 
23 (predialysis or pre-dialysis).tw. 
24 ((kidney or renal) adj (transplant* or graft* or allograft*)).tw. 
25 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24
26 compar* effectiveness.tw. 
27 causal inference.tw. 
28 ((target adj2 trial) or (hypothetical adj trial) or (target adj2 emulation) or emula*).tw. 
29 Inverse probability*.tw. 
30 clone*, censor*,weight*.tw.  
31 26 or 27 or 28 or 29 or 30
32 25 and 31 




Medline (Ovid MEDLINE® Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE® Daily and Ovid MEDLINE®) 1946 to present - ScoR


1 Kidney Diseases/
2 exp Renal Replacement Therapy/
3 Renal Insufficiency/
4 exp Renal Insufficiency, Chronic/ 
5 Diabetic Nephropathies/ 
6 diabetic nephropath*.tw. 
7 exp Hypertension, Renal/ 
8 dialysis.tw. 
9 (hemodialysis or haemodialysis).tw.
10 (hemofiltration or haemofiltration).tw.
11 (hemodiafiltration or haemodiafiltration).tw. 
12 (kidney disease* or renal disease* or kidney failure or renal failure).tw. 
13 (ESRF or ESKF or ESRD or ESKD).tw. 
14 (CKF or CKD or CRF or CRD).tw. 
15 (CAPD or CCPD or APD).tw. 
16 (predialysis or pre-dialysis).tw. 
17 Uremia/
18 (ur?emic or ur?emia).tw. 33264 
19 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18
20 compar* effectiveness.tw. 
21 causal inference.tw. 
22 ((target adj2 trial) or (hypothetical adj trial) or (target adj2 emulation) or emula*).tw. 
23 Inverse probability*.tw. 
24 clone*, censor*,weight*.tw. 
25 20 or 21 or 22 or 23 or 24 
26 19 and 25
 

Appendix B: Exclusion criteria 
Please select primary reason for exclusion.
Please note:
· A paper may be excluded for multiple reasons but just indicate one.
· Additional reasons may be identified.

Title, abstract and full-text review
· Genetics, obstetrics, prognostic, diagnostic, vaccine studies, etc. 
· Clinical practice guideline
· Duplicate article
· Economic study (economic evaluation, cost-effectiveness)
· Randomized controlled trials
· Other epidemiological study (case-control, cross-sectional study, case series, case report)
· Excluded population (clinician, children, adolescents, community, caregivers)
· Non-therapeutic interventions: large scale public health interventions, diet, following guidelines, policy recommendations, QoL, survey, etc. 
· Non-primary research (editorial, ethics, commentary, letter, news article, review, research protocols, policy documents)
· Survey study (Quantitative only)
· Studies with unsensible Endpoints 
· Non-English/Non-German language article

· Studies not using target trial emulation
Appendix C. Studies identified in a preliminary search
	Study ID* and year
	N*
	Population (age, kidney disease)
	Setting and Data Source 
	Methods
	Research question (Intervention/Comparator)
	Outcomes
	Main finding

	Fotheringham 2021*
	10 637
	61.9 years, hemodialysis 
	UK, ARO (Analyzing Data, Recognizing Excellence and Optimizing Outcomes) cohort
	Marginal structural cox proportional hazards models, logistic regression, inverse probability weighting 
	Survival on four compared with three times per week hemodialysis in high ultrafiltration patients 
	Mortality, hospitalisation, vascular access complications
	No difference between four compared to three times per week hemodialysis 

	Fu 2021*
	4803
	74 (IQR, 64-81) years, advanced chronic kidney disease
	Swedish Renal Registry (2007-2017)
	Propensity score-weighted cox proportional hazards regression
	Comparative effectiveness of renin-angiotensin-system inhibitors compared to calcium channel blockers in individuals with advanced chronic kidney disease
	Initiation of renal replacement therapy (primary), all-cause mortality and major adverse cardiovascular events (secondary)
	Initiation of renin-angiotensin system inhibitor therapy compared with calcium channel blockers confers renal benefits with similar cardiovascular protection

	Fu, 2021*
	10254
	72 (63-79) years, advanced chronic kidney disease 
	Swedish Renal Registry (2007-2017)
	Per protocol analysis: effect of adhering to the treatment strategies by censoring step of cloning, censoring, weighting method
	Comparing the effect of stopping vs. continuing Renin-Angiotensin System Inhibitors 
	5-year all-cause mortality (primary), major adverse cardiovascular events  and renal replacement therapy (secondary)
	Compared with continuing RAS inhibition, stopping this therapy was associated with a higher absolute 5-year risk of death (40.9% versus 54.5%) and major adverse cardiovascular events (47.6% versus 59.5%), but with a lower risk of KRT

	Fu, 2021*
	10290
	73 (IQR, 63-80) years, advanced chronic kidney disease 
	Swedish Renal Registry (2007-2017)
	censoring step of cloning, censoring, weighting method; dynamic marginal structural model
	Early vs. Late Dialysis initiation comparing 15 different dialysis initiation strategies (eGFR 4-19 ml/min) 
	5-year all-cause mortality (primary), major adverse cardiovascular events (secondary)
	Very early initiation of dialysis was associated with a modest reduction in mortality and cardiovascular events 

	Kainz, 2022*
	2346
	44 (+-14) years, on hemodialysis and waitlisted for second transplant
	Austrian Dialysis and Transplant Registry and Eurotransplant
	sequential Cox approach, logistic regression, stabilized inverse probability of treatment/censoring weights
	 Difference in mean survival and all-cause mortality hazard comparing “retransplant” versus “waitlisted” after graft loss
	All-cause mortality  
	Second kidney transplant is associated with patient survival compared with remaining waitlisted and treatment by dialysis, but the survival difference diminishes with longer waiting time.

	Lyu, 2022*
	19867
	77 (6,55) years, hemodialysis
	US renal data system
	High-dimensional propensity score and inverse probability of treatment weighting, and instrumental variable analysis
	to compare arteriovenous fistula (AVF) versus arteriovenous graft (AVG) creation
	All-cause mortality, all-cause and cause-specific hospitalization, and sepsis
	No differences between AVGs and AVFs with respect to mortality, sepsis, or all-cause, cardiovascular-related, and infection-related hospitalization

	McDermott, 2022*
	506
	61 (18) years, e-GFR: 38.8 (IQR, 14- 72)
	Mass General Brigham AAV cohort for patient identification 
Outcome data linkage: 
medical records, the US Renal Data System and the National Death Index
	step of cloning, censoring, weighting method by inverse probability of censoring; Pooled logistic regression  
	effect of achieving a negative post induction anti-neutrophil cytoplasmic antibody ANCA) assay- 
comparing patients who achieved versus did not achieve serological remission (negative ANCA assay) within 180 days of induction
	Relapse, end-stage kidney disease or death within 5 years
	Achieving serological remission within 180 days of induction was associated with lower risk of relapse, but no statistically significant difference in ESRD or mortality outcomes.

	Shin, 2022*
	947900
	60 (12) years, e-GFR 81.1 (6.17) ml/min
	OptumLabs Data Warehouse
	inverse probability of treatment–weighted hazard ratios (HRs)
	Association of Rosuvastatin Use with Risk of Hematuria and Proteinuria
	Hematuria, proteinuria, and kidney failure with replacement therapy
	rosuvastatin was associated with increased risk 

	Strohmaier, 2022 (Austrian National Bank)
	4445
	52.2 [13.2] years, hemodialysis 
	Austrian Dialysis and Transplant Registry and Eurotransplant
	Sequential Cox approach
	To compare restricted mean survival times (RMSTs) between patients who underwent transplant and patients continuing dialysis across transplant candidate ages and depending on waiting time
	time from transplant allocation to death
	Transplant was associated with increased survival time across all considered ages compared with continuing dialysis and remaining on the wait list within a 10-year follow-up

	Wei, 2022*
	10554
	40 to 89 years, moderate-to-severe chronic kidney disease plus gout
	The Health Improvement Network U.K. primary care database (2000 to 2019)
	Propensity score matching, cloning, censoring, and weighting approach, cox proportional hazard models 
	to assess the relation of allopurinol initiation to mortality and to examine the effects of achieving target serum urate level with allopurinol and allopurinol dose escalation on mortality.
	5-year all-cause mortality 
	Allopurinol initiation was associated with a modestly lower mortality compared with non-allopurinol use. 
a treat-to-target approach of lowering SU level with allopurinol does not seem to increase mortality 

	Xie, 2020* 
	216558
	65.46 (11.05) years, type2 diabetes mellitus with mild chronic kidney disease
	VA Health Care System 
	Propensity scores, logistic regression, inverse probability weighting
	Comparative effectiveness of sodium–glucose cotransporter 2 inhibitors (SGLT2i), glucagon-like peptide 1 receptor agonists (GLP-1), dipeptidyl peptidase 4 inhibitors (DPP-4), and sulfonylureas 
	Composite outcome of estimated glomerular filtration rate (eGFR) decline >50%, end-stage kidney disease (ESKD), or all-cause mortality 
	Compared with those treated with sulfonylureas, treatment with SGLT2i, GLP-1, and DPP-4 was associated with a lower risk of the composite outcome



Abbreviations: Age, mean (SD); unless otherwise specified. e-GFR = estimated glomerular filtration rate. *=publicly funded


Appendix D: Adapted appraisal checklist[13, 15, 16] 

1. Study characteristics (free text) 
· Author, year, study name, DOI, journal name, study origin, funding source 
2. Population (y/n)
· Chronic kidney disease, dialysis patients, transplant patients  
3. Indication (y/n)
· Drug, intervention, transplantation
4. Data type (y/n, free text) 
· Were electronic health records or electronic medical records used? 
· If not, what type of data were used (cohort study data, registry, health administration, pharmacy, insurance)
· Specific name of observational database 
5. Reporting (y/n)
· Did the authors follow a reporting guideline[17]?
· If yes which guideline?
6. Research question (y/n, free text)
· Was the objective of the study reported and the research question valid?
· What was the objective?
7. Target trial prespecification
Design
· Was the target trial emulation design reported? Did they explicitly design a target trial?
· Did they use a diagram to illustrate key aspects?
Setting
· How well the study setting described in regards to setting, location, time/period of data collection? 
Eligibility criteria
· Was the eligibility criteria reported? What was the target population? 
· Did they specify exclusion of patients due to contraindications?
· Did they specify if patients were included once or multiple times?
· Did they report the code or algorithm used to select patients?
Treatment strategy
· Did they describe the treatment strategy/strategies?
· How many treatments were compared?
· What treatments were compared?
· Did they specify the data source from which the treatment information was obtained?
· If YES, what was/were the data source(s)?
· If YES, how reliable is/are the data source(s)?
· Did they report how and when patients initiate treatment?
· Did they report a time window to initiate the intervention? (grace period)
· Did they specify the comparator(s)?
· If YES, what kind of comparator(s) was it?
· If ACTIVE COMPARATOR(S), was there a time window for initiation to consider?
· Did they outline an approach to handle more than one relevant drug exposure?
Follow-up period
· Did they prespecify the start of the follow-up?
Outcome
· Did they report the outcome of interest?
· How sensitive was the outcome to the intervention?
· Did the authors prioritize/restrict outcome definition for the primary analysis?

· Did they report the code and algorithm to classify the outcome?
Treatment assignment procedures
· Were treatment administered at one point in time or sustained over time?
· Was there a GRACE period? If yes, what was it?
· If there was a grace period, was there a risk of misclassification of treatment?
· If there was a risk of misclassifying the treatment, how was it addressed?
· Does treatment assignment depend on any prognostic factor? (time varying treatment)
-      If YES, how was it addressed?
· Randomly assign the individual to one of the strategies
· Clone exact copies of individuals and assign each clone to one of strategies then censor clone when strategies are deviated from. Adjustments needed for post-time zero selection bias (e.g., via IP weighting).
· No solution described.
- Are the investigators interested in the effect of initiating a treatment or the effect of a sustained treatment?
If interested in the effect of a sustained treatment, did they account for time-varying confounders? 
Which statistical method did the authors use to achieve treatment arm balance?
8. Defining time zero
· When does follow-up start for a patient (baseline)?
· When do patients initiate the treatment (treatment assignment)?
· When do patients meet the complete eligibility criteria?
· Was time zero, treatment assignment and completed eligibility synchronized? (Y/n)
· If NO, choose one of the scenarios below:
*T0= time zero (dotted line), E= eligibility criteria, A= treatment strategy

A) Time zero is set after eligibility and strategy assignment
[image: ]
B) Time zero is set at eligibility but after strategy assignment
[image: ]
C) Time zero is set before eligibility
[image: ]

D) Time zero is set at eligibility, but treatment is assigned after time zero
[image: ]
· If time zero, treatment assignment and completed eligibility were NOT synchronized, what bias was introduced?
· Selection bias
· Immortal time bias
 
· Did the authors have a strategy to address the bias introduced? (Y/N)
· If YES, what was the strategy for immortal time bias?
·  Avoided at design 
· Cloning technique? 
· Sequential trial emulations approach
· Was time zero hard to define? (Y/N) (i.e. Patients can have time zero at multiple time points.)
· If YES, how was it addressed?
· Choose one of the multiple times as time zero (the first time zero or a randomly chosen one)
· Choose all eligibility times as time zero and conduct a sequence of nested trials
· Choose some of the eligible times as time zero and match person-time when initiation occurs with person-time when no initiation occurs.
· No solution described
· Was there a problem of treatment adherence? (Y/N)
- If YES, how was it addressed?
· Estimate the per-protocol effect by defining time zero at treatment assignment and censoring when patients deviate from assigned strategy. Adjustments needed for confounding at time zero and post-time zero censoring.
· No solution described
9. Causal contrast and analysis plan 
· What was the estimand of interest?
·  For the statistical analysis, did they use:
· Per-protocol analysis
· Intention-to-treat analysis
· Both
· What was the measurement scale of the outcome?
· Which effect size measure was used to quantify the causal contrast of interest?
· Which method was used for analyzing the primary outcome?
· How robust is the statistical method being used?
· Were sample size calculations provided?
· If yes, what was determined
· Were adjustments made for baseline confounding factors? (Y/n)
· . If Yes, 
· matching with propensity scores? (Y/n)
· inverse probability weighting?
· Or other multivariable approaches?
· Linear regression
· Stratification 
· Standardization
· G-estimation
· Other:
· Has a sensitivity analysis been performed? (Y/n)
· If YES, which is the primary?
· Was selection bias due to loss to follow-up addressed explicitly?
· If so, how were missing data handled (inverse probability of censoring weighting, multiple imputation)? 
10. Reporting: Discussion/Conclusion
· Did the author discuss the limitations of the study? (Y/n)
· Does the conclusion include causal language (causal vs association)? (Y/N)
· Does the conclusion or discussion include any spin? (Y/n)
· Have authors suggested conducting future studies? (Y/n)
· If YES, what kind of study/studies?
· Randomized control trial
· Replication studies
· Other observational studies
· Further research
· Other:
Extra Notes/Comments:


Appendix E: Adapted PRISMA-P checklist
	Section/topic
	#
	Checklist item
	Information reported 
	Line number(s)

	
	
	
	Yes
	No
	

	ADMINISTRATIVE INFORMATION  

	Title 

	  Identification 
	1a
	Identify the report as a protocol of a systematic review
	[bookmark: Check3]|X|
	|_|
	

	  Update 
	1b
	If the protocol is for an update of a previous systematic review, identify as such
	|_|
	|X|
	

	Registration 
	2
	If registered, provide the name of the registry (e.g., PROSPERO) and registration number in the Abstract
	|_|
	|X|
	

	Authors 

	  Contact 
	3a
	Provide name, institutional affiliation, and e-mail address of all protocol authors; provide physical mailing address of corresponding author
	|X|
	|_|
	

	  Contributions 
	3b
	Describe contributions of protocol authors and identify the guarantor of the review
	|X|
	|_|
	

	Amendments 
	4
	If the protocol represents an amendment of a previously completed or published protocol, identify as such and list changes; otherwise, state plan for documenting important protocol amendments
	|_|
	|X|
	

	Support 

	  Sources 
	5a
	Indicate sources of financial or other support for the review
	|X|
	|_|
	

	  Sponsor 
	5b
	Provide name for the review funder and/or sponsor
	|X|
	|_|
	

	  Role of sponsor/funder 
	5c
	Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol
	|X|
	|_|
	

	INTRODUCTION 

	Rationale 
	6
	Describe the rationale for the review in the context of what is already known
	|X|
	|_|
	

	Objectives 
	7
	Provide an explicit statement of the question(s) the review will address with reference to participants, interventions, comparators, and outcomes (PICO)

	|X|
	|_|
	

	METHODS 

	Eligibility criteria 
	8
	Specify the study characteristics (e.g., PICO, study design, setting, time frame) and report characteristics (e.g., years considered, language, publication status) to be used as criteria for eligibility for the review
	|X|
	|_|
	

	Information sources 
	9
	Describe all intended information sources (e.g., electronic databases, contact with study authors, trial registers, or other grey literature sources) with planned dates of coverage
	|X|
	|_|
	

	Search strategy 
	10
	Present draft of search strategy to be used for at least one electronic database, including planned limits, such that it could be repeated
	|X|
	|_|
	

	STUDY RECORDS 

	  Data management 
	11a
	Describe the mechanism(s) that will be used to manage records and data throughout the review
	|X|
	|_|
	

	  Selection process 
	11b
	State the process that will be used for selecting studies (e.g., two independent reviewers) through each phase of the review (i.e., screening, eligibility, and inclusion in meta-analysis)
	|X|
	|_|
	

	  Data collection process 
	11c
	Describe planned method of extracting data from reports (e.g., piloting forms, done independently, in duplicate), any processes for obtaining and confirming data from investigators
	|X|
	|_|
	

	Data items 
	12
	List and define all variables for which data will be sought (e.g., PICO items, funding sources), any pre-planned data assumptions and simplifications
	|X|
	|_|
	

	Outcomes and prioritization 
	13
	List and define all outcomes for which data will be sought, including prioritization of main and additional outcomes, with rationale
	|X|
	|_|
	

	Risk of bias in individual studies 
	14
	Describe anticipated methods for assessing risk of bias of individual studies, including whether this will be done at the outcome or study level, or both; state how this information will be used in data synthesis
	|X|
	|_|
	

	DATA

	Synthesis 
	15a
	Describe criteria under which study data will be quantitatively synthesized
	|X|
	|_|
	

	
	15b
	If data are appropriate for quantitative synthesis, describe planned summary measures, methods of handling data, and methods of combining data from studies, including any planned exploration of consistency (e.g., I 2, Kendall’s tau)
	|_|
	|X|
	

	
	15c
	Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, meta-regression)
	|_|
	|X|
	

	
	15d
	If quantitative synthesis is not appropriate, describe the type of summary planned
	|X|
	|_|
	

	Meta-bias(es) 
	16
	Specify any planned assessment of meta-bias(es) (e.g., publication bias across studies, selective reporting within studies)
	|X|
	|_|
	

	Confidence in cumulative evidence 
	17
	Describe how the strength of the body of evidence will be assessed (e.g., GRADE)
	|X|
	|_|
	




[bookmark: _Toc109469324]
Appendix F: Kidney disease outcome nomenclature

In an effort to attain better uniformity, the 2019 Kidney Disease: Improving Global Outcomes (KDIGO) Consensus Conference evaluated the terminology used to describe kidney disease. The suggestions were released in 2020, and it is anticipated that the new nomenclature would eventually replace the terminology that is already widely used. The words end-stage kidney disease (ESKD) or end-stage renal disease (ESRD) are more likely to be used in existing literature than the newly proposed terms kidney failure (KF) or end-stage renal disease (ESRD) in this review's summaries of findings. How these terms are used in this review is shown in the table below.

	KDIGO 2020 nomenclature
	Definition
	Related terms

	Kidney failure (KF) 
	GFR <15 ml/min per 1.73 m2 or treatment by dialysis
For ≥3 months
	End-stage kidney disease (ESKD)
End-stage renal disease (ESRD)
End-stage kidney failure (ESKF)
End-stage renal failure (ESRF)

	Kidney replacement therapy (KRT)
	Includes dialysis and transplantation
	Renal replacement therapy (RRT)

	Kidney failure with replacement therapy (KFRT)
	CKD G5 treated by dialysis or CKD G1-G5 after
transplantation; for epidemiologic studies, both should be
included
	ESKD/ESRD/ESKF/ESRF requiring dialysis/transplantation

	Kidney failure without replacement therapy (CKD G5 without KRT)
	CKD G5 where KRT is not chosen or not available
	End-stage kidney disease (ESKD)
End-stage renal disease (ESRD)

	Chronic kidney disease without KRT (CKD without KRT)
	CKD G1–G5, A1–A3 of any cause, not receiving dialysis or transplantation
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