Supplemental Methods
The Brigham and Women’s Hospital Registry of Critical Illness (RoCI) is approved by the Partners IRB committee (2008-P-000495).  The protocol for recruitment for RoCI has been published in detail elsewhere 
 ADDIN EN.CITE 
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. Briefly, adult patient (over age 18) who is admitted to the BWH Medical Intensive Care Unit is eligible for inclusion in the RoCI within 72 hours of presentation, unless certain exclusion criteria are met (unable to provide consent due to cognitive dysfunction or no appropriate health care proxy, prior refusal, admission purely for comfort care, Jehova’s Witness status, or a baseline hemoglobin <8 g/dL or hemoglobin <9 g/dL with either admission for active bleeding or with acute ischemia). Plasma is obtained on Days 1, 3, and 7 of enrollment. Extensive phenotypic data (including age, gender, key comorbidities, and APACHE II score), laboratory and radiologic data are recorded for all subjects. Classification of Systemic Inflammatory Response (SIRS), Sepsis, and ARDS is determined by a consensus panel of ICU physicians using the current disease classification 


(2, 3) ADDIN EN.CITE . 
We utilized metabolomic data that was produced by Rogers et.al. 
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 from the Registry of Critical Illness (RoCI) cohort described by Dolinay et.al. 
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.  Among 225 subjects described by Dolinay et.al. 
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, 90 subjects were selected for metabolic profiling by Rogers et.al.: 29 with SIRS, 30 with Sepsis, and 31 with sepsis-induced ARDS 
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. Cases for the Rogers paper were selected for metabolic profiling based in part on IL-18 levels as part of the Dolinay et.al. study protocol (sepsis and SIRS patients with low IL-18 levels, ARDS with high IL-18 levels) 
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. Rogers published metabolomic signatures of outcome in the RoCI and a second cohort 
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.  Of the 90 RoCI subjects with metabolite profiles completed in the Rogers study, 65 had enough plasma available to determine 25(OH)D.  We studied these 65 patients: 24 with SIRS, 21 with Sepsis, and 20 with sepsis-induced ARDS (Table 1).  
For most of the cohort patients, the blood samples were obtained very early in hospitalization. 51 patients were admitted to the ICU within 24 hours of hospital admission.  6 patients were admitted within 24 hours and 7 days of hospital admission.  8 patients were admitted to the ICU after 7 days of hospital admission.

Blood samples were drawn and transferred into EDTA coated blood collection tubes within 24 hours from study inclusion and processed within 4 hours after venipuncture. Subsequently, plasma was fractionated, aliquoted and stored at -80°C 
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. 150 μl aliquots were shipped on dry-ice to Metabolon, Inc. Following receipt, the frozen samples in the box were immediately stored at -80oC. Metabolites are noted by other investigators to be stable for at least two freeze thaw cycles 
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.  
The exposure of interest was serum 25(OH)D and categorized a priori as deficiency (25(OH)D ≤15 ng/mL).  Although the Institute of Medicine report 
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 and the Endocrine Society Clinical Practice Guideline (7) suggested 25(OH)D < 20 ng/ml as the cut-off point for deficiency, large studies performed by our group have consistently found in our ICU population under study that outcomes are associated with  25(OH)D ≤ 15 ng/mL 
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.  
All patients in the analytic cohort had at least 28-day follow up data available for review.   28 day mortality was determined on the complete cohort using hospital records and the Social Security Administration Death Master File (13).  Race was either self-determined or designated by a patient representative/healthcare proxy.  Presence of malignancy was determined by subject interview and medical record confirmation.  Renal function, measured by glomerular filtration rate (GFR) was calculated with the Modification of Diet in Renal Disease (MDRD) equation from the baseline creatinine, age, gender, and race of cohort patients (33).  Classification of SIRS, sepsis, and ARDS, was determined by a consensus panel of ICU physicians using the Consensus Conference classifications 
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.  Acute physiology and chronic health evaluation (APACHE) II score was determined at 24 hours post-ICU admission (14).  Malnutrition was considered to be present if the patient was diagnosed by a Registered Dietitian, within 10 days prior to or 2 days after ICU admission, to have either nonspecific protein/caloric malnutrition or specific (mild, moderate or severe) protein/caloric malnutrition 
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.  

For the metabolite measurements, instrument variability was determined by calculating the median relative standard deviation (RSD) for the internal standards that were added to each sample prior to injection into the mass spectrometers. The median relative standard deviation for instrument variability was 5%. Overall process variability was determined by calculating the median RSD for all endogenous metabolites (i.e., non-instrument standards) present in 100% of the Client Matrix samples, which are technical replicates of pooled client samples.  The median relative standard deviation for overall process variability was 11% 
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.
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