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Detailed Methods:
Sepsis cohort study design, setting, and participants
	We used the Molecular Epidemiology of Severe Sepsis in the Intensive care unit (MESSI) cohort, an ongoing prospective cohort study of patients with sepsis and septic shock admitted to the medical intensive care unit (MICU) of the Hospital of the University of Pennsylvania  (1-4). We screened all MICU admissions for patients meeting the American College of Chest Physicians/Society of Critical Care Medicine consensus criteria for severe sepsis or septic shock (5, 6). Patients were excluded if the primary reason for ICU admission was unrelated to sepsis, the patient’s goals of care included do not intubate at the time of enrollment, or if they were admitted from a long-term care facility. For the purposes of this study, we included MESSI patients admitted to the ICU from the emergency department between May 2012 and October 2014 who had plasma samples available from admission and 48 hours later (see Plasma collection, below). These patients did not overlap with MESSI enrollees (n=37) in whom we previously reported an association of plasma RIPK3 and blood transfusions (7). The Institutional Review Board (IRB) of the University of Pennsylvania approved the study with a waiver of timely informed consent allowing for plasma collection prior to obtaining consent. Informed consent was then obtained from subjects or their proxies. 

Trauma cohort study design, setting, and participants
We used an ongoing prospective cohort study of critically ill trauma patients (the PEnn TRauma Organ dysfunction Study (PETROS)) admitted through the emergency department to the Penn Level I Trauma Center ICU between 2012 and 2015. All Trauma ICU patients were screened for the inclusion criteria of injury severity score (ISS) ≥16, age≥14, and admission within 24 hours of trauma. Patients were excluded for death or discharge within 24 hours of ICU admission and for isolated severe head injury defined as abbreviated injury scale (AIS) score ≥3 for head/neck and ≤1 for all other regions. Early death, which frequently occurred within several hours of presentation, was used as an exclusion criterion since it represents a competing risk with organ dysfunction—patients dying so quickly often do not have time to manifest signs of lung, kidney, or other organ injury. From this cohort, patients with plasma available at both presentation and approximately 48 hours later (see Plasma collection, below) were used for the primary analysis. Of note, 80 of the patients included had plasma RIPK3 levels previously reported in a study focused on AKI and blood transfusions (8). This study was approved by the Institutional Review Boards (IRBs) of both the University of Pennsylvania and the Department of Defense (DoD) since the study received financial support from a DoD award. The University of Pennsylvania IRB granted a waiver of informed consent because the research was deemed to be of minimal risk and because informed consent was deemed to make the project impracticable.

Data collection
Demographic, medical history, laboratory, microbiologic, physiologic, and transfusion data were collected on each patient during the first 6 days after presentation by review of the medical record by trained research personnel utilizing REDCap-based electronic case report forms (9). For sepsis patients, primary and secondary infection sources were determined by investigator consensus after review of the medical record. For trauma patients, mechanism and severity were determined by review of clinical notes and radiology reports over the first 24 hours after presentation (10).

Outcome characterizations
We defined ARDS over the first 6 hospital days according to the Berlin Definition (11). We collected all arterial blood gas data to calculate PaO2/FiO2. Trained physician investigators (MGSS, JPR, NJM) blinded to clinical and laboratory data evaluated all chest radiographs during the first 6 days, assessing each as “positive,” “negative,” or “equivocal,” as previously described (12). ARDS was defined as having a “positive” chest radiograph and PaO2/FiO2≤300 within 24 hours of each other. We employed the Berlin definition categories of mild, moderate, and severe based on worst PaO2/FiO2 while intubated and meeting chest radiograph criteria.
AKI was defined by Acute Kidney Injury Network (AKIN) consensus creatinine and renal replacement therapy (RRT) consensus criteria through the first 6 days (3, 13). For those diagnosed with AKI we utilized creatinine and RRT data over the subsequent 7 days for AKI staging. The AKIN creatinine criteria classify AKI as a 0.3mg/dl or 50% increase over a 48-hour time window, constituting one component of the related Kidney Disease Improving Global Outcomes (KDIGO) creatinine criteria (14). We did not incorporate the second KDIGO creatinine component, a 50% rise from pre-hospital baseline creatinine, due to lack of availability in a large percentage of patients, particularly those in the trauma cohort. Urine output criteria for AKI were not used given the high variability in urinary catheter use and data completeness over the first 6 days. Further, our study was focused on a potential pathophysiologic relationship between RIPK3 and organ dysfunction, and urine output AKI criteria are thought to be less specific than creatinine and RRT criteria for renal injury (13). Chronic dialysis patients were excluded from AKI analyses.
Mortality was determined at 30 days after admission through review of the medical record. For patients transferred to inpatient hospice within 30 days, mortality was assessed at the time of discharge from hospice.

Plasma collection
We utilized blood samples drawn for clinical purposes at presentation to the emergency department and approximately 48 hours after presentation. According to clinical protocol, these samples were drawn into citrated vacutainers and centrifuged at 3,000 g within 30 minutes to separate plasma for testing of coagulation parameters. Residual sample was immediately refrigerated at 4°C. Study personnel obtained these samples within 12 to 48 hours and froze plasma aliquots at -80°C. We have previously demonstrated the feasibility of using blood samples collected in this fashion for studies of plasma biomarkers, including RIPK3, in critical illness populations (1, 2, 8, 15). 

Plasma RIPK3 measurement
We used a commercially available enzyme-linked immunosorbent assay (CUSABIO, Wuhan, China) to measure plasma RIPK3 concentrations (7, 8). Performing personnel were blind to clinical data including ARDS, AKI, and mortality status. Plasma concentrations below the limit of detection (15.6 pg/ml) were set to 15.6 pg/ml for statistical analysis.

Statistical analysis
In primary analyses, by cohort (sepsis, trauma) we tested the unadjusted associations of patient characteristics, including plasma RIPK3 levels, with ARDS using the t-test, Wilcoxon rank-sum test, χ2 test, or Fisher’s exact test, as appropriate. We used separate multivariable logistic regression models to test the association of ΔRIPK3 with ARDS adjusted for confounders, assessing model fit with the Hosmer-Lemeshow goodness-of-fit test (16). To avoid overfitting, we limited explanatory variables in each model to approximately one for every ten outcomes (17). We pre-specified these variables by cohort based on previously described associations with ARDS or RIPK3 (7, 8, 18):
Sepsis: ΔRIPK3, age, red blood cell (RBC) transfusions, sepsis source, shock
Trauma: ΔRIPK3, RBC transfusions, trauma mechanism, injury severity score
We did not utilize APACHE II as an explanatory variable for ARDS since the oxygenation component of APACHE II is also a component of the Berlin ARDS definition. We utilized post-estimation marginal analysis to determine adjusted risk of ARDS across a range of plasma ΔRIPK3 levels (19).
We repeated the primary ΔRIPK3-ARDS analyses stratified by several patient characteristics and tested for interaction using likelihood ratio tests. For sepsis, strata included shock versus no shock and pulmonary versus non-pulmonary source of infection. For trauma, we stratified by blunt versus penetrating injury mechanism.
We conducted several secondary analyses. First, we determined the associations of ΔRIPK3 with AKI and mortality in each cohort using similar methods to those in the primary analyses. Similar to the multivariable models for ARDS, we pre-specified explanatory variables by cohort based on previously described associations with RIPK3, AKI, or mortality in order to avoid model overfitting (3, 8, 20, 21):
Sepsis-AKI: ΔRIPK3, age, RBC transfusions, chronic kidney disease, diabetes mellitus, shock at presentation
Trauma-AKI: ΔRIPK3, RBC transfusions, trauma mechanism, abdominal injury severity, shock prior to ICU admission
Sepsis-mortality: ΔRIPK3, age, RBC transfusions, immunocompromised, shock at presentation
We did not create a multivariable model for mortality in the trauma population given the limited number who died (n=17). We also determined differences in ΔRIPK3 by organ dysfunction categories: ARDS alone, AKI alone, or both, using Wilcoxon rank-sum testing. We used multivariable logistic regression to determine if the association of ΔRIPK3 with ARDS was independent of AKI, and vice versa. Finally, we tested the associations of baseline characteristics with RIPK3 levels using Wilcoxon rank-sum, Kruskal-Wallis tests, or Spearman’s rank correlation, as appropriate. 
Missing covariate data were uncommon, were treated with a complete case analysis approach (22), and are noted in tables when applicable. We estimated sample size separately for sepsis and trauma cohorts, anticipating that ARDS rates would each be approximately 40% in sepsis and 20% in trauma (1, 3, 23). At an α of 0.05, a sepsis sample size of 120 and trauma sample size of 180 would give 91% and 89% power, respectively, to detect an average difference of 131 pg/ml between ARDS cases and non-cases. We considered 131 pg/ml potentially clinically relevant since it was the difference in plasma RIPK3 between patients with and without AKI in our prior pilot study (8). We used Stata/IC 13.1 (StataCorp, College Station, TX) and considered a two-tailed p<0.05 significant for all analyses.

Experimental animal studies
C57Bl/6 animals were purchased from the Charles River Laboratories Inc. All experimental procedures were performed on 8-12 week-old female mice, 20-25g in weight. Animal studies were conducted in accordance with the Institutional Animal Care and Use Committee at the University of Pennsylvania. 
Mice were injected via tail vein with 10 mg/kg LPS (List Labs) as well as 10 mg/kg of the pan-caspase inhibitor ZVAD-FMK (BD Biosciences) in order to inhibit apoptosis and sensitize cells to necroptosis as previously described (24-28). Four hours following LPS-ZVAD administration, mice were sacrificed with intraperitoneal injections of ketamine/xylazine (80/10 mg/kg). Whole blood was obtained via cardiac puncture and spun for five minutes at 5000rpm to isolate plasma. Whole lungs were frozen for western blots analysis.
Lungs were homogenized in cell lysis buffer, sonicated, and centrifuged for 10 min at 16,000 g. Proteins were resolved by SDS-PAGE under reducing conditions. Immunoblotting was performed using the following antibodies: rabbit α-RIPK3 (Prosci), rabbit α-MLKL (Abcam), rabbit α-phosphorylated MLKL (Abcam), and rabbit α-B actin (Licor). Bands were visualized using Licor Odyssey and densitometry was quantified using ImageStudio Lite software. We used Sigmaplot Software (Systat Software Inc.) to construct graphs.
Murine plasma RIPK3 was measured using RIPK3 ELISA kit (Cusabio). Lung tissue RIPK3 was normalized to β-actin. We determined differences in plasma and tissue RIPK3 between control and LPS groups using the Wilcoxon rank-sum test and tested the Spearman rank correlation between plasma and tissue RIPK3 (Stata/IC 13.1 (StataCorp, College Station, TX)).
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STROBE Statement:
Checklist of items that should be included in reports of cohort studies 
	[bookmark: bold1][bookmark: italic1][bookmark: bold2][bookmark: italic2][bookmark: bold3][bookmark: italic3][bookmark: bold4][bookmark: italic4][bookmark: italic5]
	Item No
	Recommendation

	 Title and abstract
	1
	(a) Indicate the study’s design with a commonly used term in the title or the abstract
SEE ABSTRACT.

	[bookmark: bold6][bookmark: italic7]
	
	(b) Provide in the abstract an informative and balanced summary of what was done and what was found
SEE ABSTRACT.

	[bookmark: bold7][bookmark: italic8]Introduction

	[bookmark: bold8][bookmark: italic9][bookmark: bold9][bookmark: italic10]Background/rationale
	2
	Explain the scientific background and rationale for the investigation being reported
SEE INTRODUCTION PARAGRAPHS 2 AND 3.

	[bookmark: bold10][bookmark: italic11]Objectives
	3
	State specific objectives, including any prespecified hypotheses
SEE INTRODUCTION PARAGRAPH 4.

	[bookmark: bold11][bookmark: italic12]Methods

	[bookmark: bold12][bookmark: italic13]Study design
	4
	Present key elements of study design early in the paper
SEE “SEPSIS AND TRAUMA COHORTS” SUBHEADING IN METHODS.

	[bookmark: bold13][bookmark: italic14]Setting
	5
	Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection
SEE “SEPSIS AND TRAUMA COHORTS” SUBHEADING IN METHODS AS WELL AS “STUDY DESIGN, SETTING, AND PARTICIPANTS” FOR BOTH SEPSIS AND TRAUMA COHORTS IN ADDITIONAL FILE 1.

	Participants
	6
	(a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe methods of follow-up
SEE “SEPSIS AND TRAUMA COHORTS” SUBHEADING IN METHODS AS WELL AS “STUDY DESIGN, SETTING, AND PARTICIPANTS” FOR BOTH SEPSIS AND TRAUMA COHORTS IN ADDITIONAL FILE 1.

	[bookmark: bold14][bookmark: italic15]
	
	(b) For matched studies, give matching criteria and number of exposed and unexposed
NOT APPLICABLE.

	[bookmark: bold16][bookmark: italic17]Variables
	7
	Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give diagnostic criteria, if applicable
SEE “SEPSIS AND TRAUMA COHORTS,” “DATA COLLECTION AND OUTCOMES,” “PLASMA COLLECTION AND RIPK3 MEASUREMENT,” AND “STATISTICAL ANALYSIS” SUBHEADINGS IN METHODS AS WELL AS “STUDY DESIGN, SETTING, AND PARTICIPANTS” FOR BOTH SEPSIS AND TRAUMA COHORTS, “DATA COLLECTION,” “OUTCOME CHARACTERIZATIONS,” “PLASMA RIPK3 MEASUREMENT,” AND “STATISTICAL ANALYSIS” IN ADDITIONAL FILE 1.

	[bookmark: bold17][bookmark: italic18][bookmark: bold18][bookmark: italic19]Data sources/ measurement
	[bookmark: bold19]8*
	 For each variable of interest, give sources of data and details of methods of assessment (measurement). Describe comparability of assessment methods if there is more than one group
SEE “DATA COLLECTION AND OUTCOMES” AND “PLASMA COLLECTION AND RIPK3 MEASUREMENT” SUBHEADINGS IN METHODS AS WELL AS “DATA COLLECTION,” “OUTCOME CHARACTERIZATIONS,” AND “PLASMA RIPK3 MEASUREMENT” IN ADDITIONAL FILE 1.

	[bookmark: bold20][bookmark: italic20]Bias
	9
	Describe any efforts to address potential sources of bias
SEE “STATISTICAL ANALYSIS” SUBHEADING IN METHODS AND “STATISTICAL ANALYSIS” IN ADDITIONAL FILE 1.

	[bookmark: bold21][bookmark: italic21]Study size
	10
	Explain how the study size was arrived at
SEE “STATISTICAL ANALYSIS” IN ADDITIONAL FILE 1, 6TH PARAGRAPH, “WE ESTIMATED SAMPLE SIZE…”

	[bookmark: bold22][bookmark: italic22][bookmark: bold23][bookmark: italic23]Quantitative variables
	11
	Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings were chosen and why
SEE “PLASMA COLLECTION AND RIPK3 MEASUREMENT” SUBHEADING IN METHODS, AND “PLASMA RIPK3 MEASUREMENT” IN ADDITIONAL FILE 1.

	[bookmark: italic24][bookmark: italic25]Statistical methods
	12
	(a) Describe all statistical methods, including those used to control for confounding
SEE “STATISTICAL ANALYSIS” IN METHODS AND ADDITIONAL FILE 1

	[bookmark: bold24][bookmark: italic26]
	
	(b) Describe any methods used to examine subgroups and interactions
SEE “STATISTICAL ANALYSIS” IN METHODS, 2ND PARAGRAPH, AND “STATISTICAL ANALYSIS” IN ADDITIONAL FILE 1 3RD PARAGRAPH

	[bookmark: bold25][bookmark: italic27]
	
	(c) Explain how missing data were addressed
SEE “STATISTICAL ANALYSIS” IN ADDITIONAL FILE 1, 6TH PARAGRAPH “MISSING COVARIATE DATA WERE UNCOMMON…”

	[bookmark: bold26][bookmark: italic28]
	
	(d) If applicable, explain how loss to follow-up was addressed
NOT APPLICABLE.

	[bookmark: bold27][bookmark: italic29]
	
	(e) Describe any sensitivity analyses
SEE “STATISTICAL ANALYSIS” IN METHODS, 2ND PARAGRAPH, AND “STATISTICAL ANALYSIS” IN ADDITIONAL FILE 1, 4TH AND 5TH PARAGRAPHS

	[bookmark: bold28][bookmark: italic30]Results

	[bookmark: bold29][bookmark: italic31]Participants
	[bookmark: bold30]13*
	(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
SEE RESULTS PARAGRAPHS 1 AND 2, SUPPLEMENTAL TABLE 1 (IN ADDITIONAL FILE 1).

	[bookmark: bold31][bookmark: italic32]
	
	(b) Give reasons for non-participation at each stage
SEE RESULTS PARAGRAPH 1 (PATIENTS EXCLUDED IF PLASMA NOT AVAILABLE AT BOTH TIME POINTS).

	[bookmark: bold32][bookmark: italic33]
	
	[bookmark: OLE_LINK4](c) Consider use of a flow diagram
OMITTED—STRAIGHTFORWARD AND DESCRIBED IN PARAGRAPH 1, SUPPLEMENTAL TABLE 1 (IN ADDITIONAL FILE 1).

	[bookmark: bold33][bookmark: italic34][bookmark: bold34][bookmark: italic35]Descriptive data
	[bookmark: bold35]14*
	(a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures and potential confounders
SEE “MESSI COHORT” AND “PETROS COHORT” IN RESULTS, TABLE 1.

	[bookmark: bold36][bookmark: italic36]
	
	(b) Indicate number of participants with missing data for each variable of interest
TABLE 1 AND SUPPLEMENTAL TABLE 4 (IN ADDITIONAL FILE 1) CAPTIONS.

	[bookmark: bold37][bookmark: italic37]
	
	(c) Summarise follow-up time (eg, average and total amount)
DESCRIBED IN METHODS: 6 DAYS FOLLOW-UP FOR ARDS AND AKI. MORTALITY ASSESSED AT 30 DAYS.

	[bookmark: bold38][bookmark: italic38]Outcome data
	[bookmark: bold39]15*
	Report numbers of outcome events or summary measures over time
SEE “MESSI COHORT” AND “PETROS COHORT” IN RESULTS.

	[bookmark: italic40][bookmark: bold41]Main results
	16
	(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included
SEE TABLES 1-4, SUPPLEMENTAL TABLES, AND RESULTS 5TH PARAGRAPH. ALSO SEE METHODS (STATISTICAL ANALYSIS) FOR CONFOUNDER SELECTION STRATEGY.

	[bookmark: italic41][bookmark: bold42]
	
	(b) Report category boundaries when continuous variables were categorized
SEE TABLE 3 AND SUPPLEMENTAL TABLE 3 (IN ADDITIONAL FILE 1).

	[bookmark: italic42][bookmark: bold43]
	
	(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
MULTIVARIABLE ASSOCIATIONS WITH ARDS PRESENTED AS ODDS RATIOS (TABLE 2).

	[bookmark: italic43][bookmark: bold44]Other analyses
	17
	Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses
SEE RESULTS 1ST AND 5TH PARAGRAPHS, SUPPLEMENTAL TABLES.

	[bookmark: italic44][bookmark: bold45]Discussion

	[bookmark: italic45][bookmark: bold46]Key results
	18
	Summarise key results with reference to study objectives

	[bookmark: italic46][bookmark: bold47]Limitations
	19
	Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both direction and magnitude of any potential bias
SEE 5TH PARAGRAPH, “OUR STUDY HAS SEVERAL LIMITATIONS…”

	[bookmark: italic47][bookmark: bold48]Interpretation
	20
	Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, results from similar studies, and other relevant evidence
SEE DISCUSSION (ENTIRETY).

	[bookmark: italic48][bookmark: bold49]Generalisability
	21
	Discuss the generalisability (external validity) of the study results
SEE DISCUSSION 5TH PARAGRAPH.

	[bookmark: italic49][bookmark: bold50]Other information

	[bookmark: italic50][bookmark: bold51]Funding
	22
	Give the source of funding and the role of the funders for the present study and, if applicable, for the original study on which the present article is based
SEE FUNDING STATEMENT AT BOTTOM OF TITLE SECTION.



*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-statement.org.



Supplemental Table 1. Multivariable logistic regression models of the ΔRIPK3-AKI association adjusted for pre-specified confounders.
A. MESSI Cohort.
	Covariate
	Odds ratio (95% CI)
	p 

	ΔRIPK3 (per ½ SD)
	1.32 (1.06-1.65)
	0.013

	Age
	1.00 (0.97-1.03)
	0.877

	RBCs transfused, presentation day (per unit)
	0.81 (0.47-1.40)
	0.448

	Chronic kidney disease 
	2.03 (0.52-7.86)
	0.305

	Diabetes mellitus
	2.31 (0.96-5.53)
	0.060

	Shock at presentationa
	0.63 (0.24-1.67)
	0.355



B. PETROS Cohort.
	Covariate
	Odds ratio (95% CI)
	p 

	ΔRIPK3 (per ½ SD)
	1.39 (1.10-1.76)
	0.006

	RBCs transfused, first 6h (per unit)
	1.01 (0.89-1.14)
	0.935

	Blunt trauma mechanism
	0.51 (0.22-1.20)
	0.121

	AIS score for abdomen (per point)
	1.29 (1.02-1.62)
	0.033

	Shock prior to ICU admissiona
	2.11 (0.94-4.70)
	0.069



For A. and B.: ΔRIPK3 remains significantly associated with AKI after adjustment for pre-specified confounders. The odds ratio corresponds to the adjusted association of each covariate with AKI. Note: patients with end-stage renal disease were excluded for this analysis (MESSI Cohort, n=9; PETROS Cohort, n=1;). aShock defined as need for vasopressors or mean arterial pressure <65 mmHg (MESSI) or systolic arterial pressure <90 mmHg (PETROS). Definition of abbreviations: AKI: acute kidney injury; RIPK3: receptor interacting protein kinase-3; SD: standard deviation; RBCs: red blood cells; AIS: abbreviated injury scale.



Supplemental Table 2. Impact of including both ARDS and AKI in models of the associations of ΔRIPK3 with organ dysfunction.
A. ARDS as outcome
	Model
	OR (95% CI) for ΔRIPK3-ARDS
	p 

	MESSI
	
	

	  Primary
	1.30 (1.03-1.63)
	0.027

	  Primary + AKI
	1.25 (0.97-1.60)
	0.081

	PETROS
	
	

	  Primary
	1.83 (1.35-2.48)
	<0.001

	  Primary + AKI
	1.78 (1.31-2.42)
	<0.001



B. AKI as outcome
	Model
	OR (95% CI) for ΔRIPK3-AKI
	p 

	MESSI
	
	

	  Primary
	1.32 (1.06-1.65)
	0.013

	  Primary + ARDS
	1.26 (1.01-1.58)
	0.044

	PETROS
	
	

	  Primary
	1.39 (1.10-1.76)
	0.006

	  Primary + ARDS
	1.35 (1.05-1.73)
	0.019



Primary multivariable models for ARDS are those shown in Table 3. Primary + AKI models also include AKI as an explanatory variable for ARDS. Primary multivariable models for AKI are those shown in Supplemental Table 1. Odds ratios (OR) are per ½ standard deviation of ΔRIPK3 concentration. Primary + ARDS models also include ARDS as an explanatory variable for AKI. Definition of abbreviations: ARDS: acute respiratory distress syndrome; AKI: acute kidney injury; RIPK3: receptor interacting protein kinase-3.


Supplemental Table 3. Multivariable logistic regression model of the ΔRIPK3-mortality association in the MESSI Cohort adjusted for pre-specified confounders.
	Covariate
	Odds ratio (95% CI)
	p 

	ΔRIPK3 (per ½ SD)
	1.27 (1.03-1.57)
	0.028

	Age
	1.03 (1.00-1.05)
	0.049

	RBCs transfused, presentation day (per unit)
	1.24 (0.88-1.74)
	0.223

	Immunocompromisea
	1.67 (0.77-3.68)
	0.203

	Shock at presentationb
	0.98 (0.39-2.45)
	0.459



In the MESSI Cohort, ΔRIPK3 remains significantly associated with 30-day mortality after adjustment for pre-specified confounders. The odds ratio corresponds to the adjusted association of each covariate with mortality. aDefined as patients with a malignancy undergoing cytotoxic chemotherapy or patients with the acquired immune deficiency syndrome. bShock defined as need for vasopressors or mean arterial pressure <65 mmHg. Definition of abbreviations: ΔRIPK3=change in plasma receptor interacting protein kinase-3 levels from presentation to 48 hours; SD=standard deviation; RBCs=red blood cells. Note: No multivariable model was constructed for ΔRIPK3-mortality in the PETROS cohort since the limited number of deaths (n=17) would have resulted in an overfit model.


Supplemental Table 4. Unadjusted associations of baseline characteristics with the change in receptor interacting protein kinase-3 plasma concentrations from presentation to 48 hours (ΔRIPK3).
	
	MESSI Cohort
	PETROS Cohort

	
	ΔRIPK3 (pg/ml)       presentation to 48h
	p
	ΔRIPK3 (pg/ml)       presentation to 48h
	p

	Demographics
	
	
	
	

	  Age, yearsa
    Tertile 1
    Tertile 2
    Tertile 3
	
11 (-61, 113)
0 (-60, 72)
24 (-14, 91)
	0.437
	
87 (9-188)
96 (0-186)
38 (0-133)
	0.033

	  Sex
    Female
    Male
	
12 (-20, 72)
20 (-60, 151)
	0.917
	
31 (0-125)
68 (3-181)
	0.088

	  Raceb
    White
    African American 
    Otherc
	
0 (-51, 100)
19 (-36, 262)
19 (0, 64)
	0.917
	
30 (0-131)
90 (27-178) 
118 (19-196)
	0.029h

	  Body mass indexd (kg/m2)
    Underweight
    Normal weight
    Overweight
    Obese

	
52 (-16, 98)
0 (-68, 32)
10 (-57, 158)
45 (-12, 262)
	0.073
	
56 (0-220)
70 (0-156)
61 (3-175)
47 (0-139)
	0.443

	Medical History
	
	
	
	

	  Hypertensionb
    Present
    Absent
	
21 (-14, 100)
0 (-65, 100)
	0.168
	
40 (0-146) 
73 (0-151)
	0.166

	  Diabetes mellitusb
    Present
    Absent
	
23 (-7, 172)
0 (-59, 82)
	0.189
	
24 (-29-70) 
66 (0-154)
	0.102

	  Congestive heart failureb
    Present
    Absent
	
0 (-14, 185)
18 (-51, 100)
	0.812
	
70 (0-186)
61 (0-151)
	0.776

	  Chronic kidney diseaseb
    Present
    Absent
	
0 (-56, 164)
19 (-38, 100)
	0.789
	
24 (12-27)
64 (0-152)
	0.620

	  Chronic alcohol abuseb
    Present
    Absent
	
0 (-209, 603)
6 (-51, 76)
	0.962
	
29 (0-128)
62 (0-151)
	0.400

	  Smoking historyb
    Never
    Former
    Current
	
17 (-55, 113)
31 (-34, 151)
-2 (-60, 50)
	0.538
	
48 (0-122)
54 (0-196)
61 (0-175)
	0.230i

	Acute injury and illness
	
	
	
	

	  Blunt trauma mechanism
    Yes
    No
	N/A
	
	
43 (0-139)
128 (56-295)
	<0.001

	  Injury Severity Scorea
    Tertile 1
    Tertile 2
    Tertile 3
	N/A
	
	
61 (0-129)
54 (0-171)
96 (0-179)
	0.986

	  Operation prior to ICU admission
    Yes
    No
	N/A
	
	
116 (43-231)
37 (0-129)
	<0.001

	  APACHE IIa
    Tertile 1
    Tertile 2
    Tertile 3 
	
-7 (-61, 19)
16 (-60, 65)
117 (18, 409)
	<0.001
	
18 (0-109)
57 (0-150)
132 (43-225)
	<0.001

	  Shock prior to ICU admissionbe
    Yes
    No
	
19 (-28, 100)
0 (-60, 106)
	0.613
	
109 (27-218)
43 (0-128)
	0.004

	  Crystalloid, litersabf
    Tertile 1
    Tertile 2
    Tertile 3
	
19 (-43, 71)
11 (-51, 82)
23 (-59, 151)
	0.388
	
15 (0-122)
66 (0-154)
116 (47-240)
	<0.001

	  Pulmonary source
    Yes
    No
	
1 (-34, 58)
22 (-51, 120)
	0.475
	N/A
	

	Transfusions
	
	
	
	

	  RBC units, day 0+1g
    None
    1-2
    3-5
    ≥6
	
0 (-34, 64)
66 (-60, 200)
59 (-2, 120)
-
	0.131
	
12 (0-84)
47 (0-128)
90 (27-231)
181 (111-328)
	<0.001

	  Plasma units, day 0+1g
    None
    1-4
    ≥5
	
19 (-38, 94)
-20 (-65, 262)
19 (-2, 185)
	0.760
	
30 (0-90)
124 (46-222)
186 (111-359)
	<0.001

	  Platelet doses, day 0+1g
    None
    1
    ≥5
	
0 (-51, 64)
110 (-5, 531)
687 (185, 1190)
	0.017
	
43 (0-118)
107 (5-226)
164 (70-290)
	<0.001

	  30-day mortality
    Yes
    No
	
29 (-16, 290)
0 (-60, 72)
	0.049
	
152 (43-231)
56 (0-146)
	0.022



Plasma receptor interacting protein kinase-3 (RIPK3) concentrations are shown as median (interquartile range). All p-values are from comparisons using Wilcoxon rank-sum test (categorical characteristics) or Spearman’s correlation (continuous characteristics) unless otherwise specified.  aTertiles of continuous covariates are from lowest to highest values. bMissing data as follows: for MESSI (sepsis) cohort, chronic alcohol abuse (n=19); smoking history (18); crystalloid (2); for PETROS (trauma) cohort, race (n=4), hypertension (4), diabetes (3), coronary heart disease (3), congestive heart failure (2), chronic kidney disease (1), chronic alcohol abuse (5), smoking history (17), shock prior to ICU admission (1), crystalloid (4). cFor PETROS cohort, Asian (n=9) and North American Indian/Alaskan Native (n=2); for MESSI cohort, Asian (n=1) and Unknown (n=5). dBody mass index categories according to World Health Organization. eShock defined as need for vasopressors or mean arterial pressure <65 mmHg (MESSI) or systolic arterial pressure <90 mmHg (PETROS). fAdministered during the first 24 hours after ED presentation (MESSI) or prior to ICU arrival (PETROS). gThe calendar day of and the day after presentation. hKruskal-Wallis test. iCuzick’s non-parametric test of trend across smoking categories. Definition of abbreviations: APACHE: Acute Physiology And Chronic Health Evaluation; RBC: red blood cell.


Supplemental Table 5. Unadjusted associations of baseline characteristics with receptor interacting protein kinase-3 (RIPK3) plasma concentrations at presentation.
	
	MESSI Cohort
	PETROS Cohort

	
	RIPK3 (pg/ml), presentation
	p 
	RIPK3 (pg/ml), presentation
	p 

	Demographics
	
	
	
	

	  Age, yearsa
    Tertile 1 (16-28)
    Tertile 2 (29-56)
    Tertile 3 (57-91)
	
161 (103-450)
175 (57-390)
105 (34-266)
	0.008
	
4 (4-45)
4 (4-63)
4 (4-49)
	0.917

	  Sex
    Female
    Male
	
80 (35-221)
150 (52-321)
	0.070
	
4 (4-45)
4 (4-48)
	0.921

	  Raceb
    Caucasian 
    African American 
    Otherc
	
113 (17-266)
138 (56-321)
75 (15-235)
	0.273
	
4 (4-49)
4 (4-45)
4 (4-80)
	0.567

	  Body mass indexd (kg/m2)
    Underweight
    Normal weight
    Overweight
    Obese
	
105 (39-321)
117 (42-287)
167 (63-415)
94 (36-261)
	0.429
	
10 (4-28)
4 (4-47)
4 (4-69)
4 (4-42)
	0.670

	Medical History
	
	
	
	

	  Hypertensionb
    Present
    Absent
	
97 (33-286)
133 (67-307)
	0.158
	
4 (4-50)
4 (4-47)
	0.575

	  Diabetes mellitusb 
    Present
    Absent
	
117 (36-265)
131 (39-314)
	0.625
	
4 (4-107) 
4 (4-46)
	0.459

	  Congestive heart failureb
    Present
    Absent
	
64 (16-157)
134 (48-307)
	0.079
	
81 (4-176) 
4 (4-46)
	0.031

	  Chronic kidney diseaseb
    Present
    Absent
	
112 (27-284)
121 (43-289)
	0.592
	
4 (4-4)
4 (4-47)
	0.304

	  Chronic alcohol abuseb
    Present
    Absent
	
321 (265-454)
121 (36-257)
	0.005
	
4 (4-63)
4 (4-47)
	0.630

	  Smoking historyb
    Never
    Former
    Current
	
147 (55-335)
104 (18-257)
134 (36-390)
	0.577
	
4 (4-73)
4 (4-4)
4 (4-47)
	0.939

	Injury characteristics
	
	
	
	

	  Blunt trauma mechanism
    Yes
    No
	N/A

	
	
4 (4-63)
4 (4-14)
	0.023

	  Injury Severity Scorea
    Tertile 1 (16-21)
    Tertile 2 (22-29)
    Tertile 3 (30-66)
	N/A
	
	
4 (4-44)
4 (4-37)
25 (4-126)
	0.054

	  Operation prior to ICU admission
    Yes
    No
	N/A
	
	
4 (4-46)
4 (4-49)
	0.575

	  APACHE IIa
    Tertile 1
    Tertile 2
    Tertile 3
	
69 (34-187)
133 (48-286)
223 (65-381)
	0.034
	
4 (4-45)
4 (4-42)
4 (4-64)
	0.348

	  Shock prior to ICU admissionbe
    Yes
    No
	
117 (36-291)
120 (48-283)
	0.932
	
4 (4-46)
4 (4-50)
	0.180

	  Crystalloid, litersabf
    Tertile 1
    Tertile 2
    Tertile 3
	
60 (15-134)
144 (58-283)
175 (65-421)
	0.001
	
8 (4-49)
4 (4-46)
4 (4-58)
	0.562

	Transfusions
	
	
	
	

	  RBC units, day 0+1g
    None
    1-2
    3-5
    ≥6
	
106 (34-265)
187 (58-417)
134 (117-139)
-
	0.106
	
4 (4-28)
26 (4-68)
4 (4-132)
4 (4-38)
	0.949

	  Plasma units, day 0+1g
    None
    1-4
    ≥5
	
113 (36-274)
261 (144-421)
117 (15-261)
	0.054
	
4 (4-49)
4 (4-55)
4 (4-41)
	0.404

	  Platelet doses, day 0+1g
    None
    1-5
    ≥5
	
113 (36-261)
272 (99-452)
260 (15-507)
	0.020
	
4 (4-47)
4 (4-65)
4 (4-41)
	0.624

	  30-day mortality
    Yes
    No
	
150 (49-413)
110 (34-235)
	0.068
	
4 (4-81)
4 (4-47)
	0.439



Plasma receptor interacting protein kinase-3 (RIPK3) concentrations are shown as median (interquartile range). All p-values are from comparisons using Wilcoxon rank-sum test (categorical characteristics) or Spearman’s correlation (continuous characteristics) unless otherwise specified.  aTertiles of continuous covariates are from lowest to highest values. bMissing data as follows: for MESSI (sepsis) cohort, chronic alcohol abuse (n=19); smoking history (18); crystalloid (2); for PETROS (trauma) cohort, race (n=4), hypertension (4), diabetes (3), coronary heart disease (3), congestive heart failure (2), chronic kidney disease (1), chronic alcohol abuse (5), smoking history (17), shock prior to ICU admission (1), crystalloid (4). cFor PETROS cohort, Asian (n=9) and North American Indian/Alaskan Native (n=2); for MESSI cohort, Asian (n=1) and Unknown (n=5). dBody mass index categories according to World Health Organization. eShock defined as need for vasopressors or mean arterial pressure <65 mmHg (MESSI) or systolic arterial pressure <90 mmHg (PETROS). fAdministered during the first 24 hours after ED presentation (MESSI) or prior to ICU arrival (PETROS). gThe calendar day of and the day after presentation. hKruskal-Wallis test. iCuzick’s non-parametric test of trend across smoking categories. Definition of abbreviations: APACHE: Acute Physiology And Chronic Health Evaluation; RBC: red blood cell.
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