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Abstract

Background: Prior ARDS trials have identified hypo-inflammatory and hyper-inflammatory 

subphenotypes, with distinct differences in short-term outcomes. It is unknown if such differences 

extend beyond 90 days or are associated with physical, mental health, or cognitive outcomes.
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Methods: 568 patients in the multicenter Statins for Acutely Injured Lungs from Sepsis (SAILS) 

trial of rosuvastatin versus placebo were included and assigned a subphenotype. Among 6- and 12-

month survivors (N=232 and 219, respectively, representing 243 unique survivors), subphenotype 

status was evaluated for association with a range of patient-reported outcomes (e.g., mental health 

symptoms, quality of life). Patient subsets also were evaluated with performance-based tests of 

physical function (e.g., 6-minute walk test) and cognition.

Findings: The hyper-inflammatory versus hypo-inflammatory subphenotype had lower overall 

12-month cumulative survival (58% versus 72%, p<0.01); however, there was no significant 

difference in survival beyond 90 days (86% versus 89%, p=0.70). Most survivors had impairment 

across the range of outcomes, with little difference between subphenotypes at 6- and 12-month 

assessments. For instance, at 6 months, in comparing the hypo-inflammatory versus hyper-

inflammatory subphenotypes, respectively, the median (IQR) patient-reported SF-36 mental health 

domain score was 47 (33, 56) versus 44 (35, 56) [p=0.99], and the percent predicted 6-minute 

walk distance was 66% (48%, 80%) versus 66% (49%, 79%) [p=0.76].

Interpretation: Comparing the hyper-inflammatory versus hypo-inflammatory ARDS 

subphenotype, there was no significant difference in survival beyond 90 days and no consistent 

findings of important differences in 6- or 12-month physical, cognitive and mental health 

outcomes. These findings, when considered with prior results, suggest that inflammatory 

subphenotypes largely reflect the acute phase of illness and its short-term impact.
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INTRODUCTION

There is growing interest in understanding the heterogeneity among patients with acute 

respiratory distress syndrome (ARDS) [1]. This interest is attributed, in part, to the lack 

of benefit of many promising interventions, prompting calls for more precise targeting of 

interventions to subsets of patients most likely to benefit [2]. An existing body of research 

has evaluated inflammatory subphenotypes in ARDS based on clinical characteristics and 

chemical biomarkers [3–6], with two subphenotypes reported: hypo-inflammatory and 

hyper-inflammatory [7]. In a prior study evaluating patients from the Statins for Acutely 

Injured Lungs from Sepsis (SAILS) trial [8], a large multicenter randomized trial comparing 

rosuvastatin versus placebo in patients with sepsis-associated ARDS, there was significantly 

higher 90-day mortality in the hyper- versus hypo-inflammatory subphenotype (38% versus 

21%, p<0.001), with no evidence of differential treatment response to rosuvastatin by 

subphenotype [6].

Similarly, analyses of other clinical trials showed worse short-term outcomes in the hyper-

inflammatory subphenotype. For instance, in the “Hydroxymethylglutaryl-CoA Reductase 

Inhibition with Simvastatin in Acute Lung Injury to Reduce Pulmonary Dysfunction–2” 

(HARP-2) study [9], a multi-center randomized trial of simvastatin versus placebo for 

ARDS, there was significantly higher 28-day mortality and a lower median ventilator-free 

days in the hyper- versus hypo-inflammatory subphenotype (39% versus 17%, p <0.0001, 
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and 2 versus 18 days, p <0.0001, respectively) [3]. Moreover, in the ARDS Network Fluid 

and Catheter Treatment Trial (FACTT) [10], which compared a fluid-conservative versus 

fluid-liberal strategy in ARDS, 90-day mortality was significantly higher in the hyper- 

versus hypo-inflammatory subphenotype (45% versus 22%, p<0.0001) [11].

Despite consistent evidence of differences in short-term mortality between hyper- versus 

hypo-inflammatory subphenotypes, to our knowledge, no study has evaluated differences in 

longer-term survival or physical, cognitive and mental health outcomes. Notably, increased 

levels of inflammatory biomarkers (e.g., interleukin-6, interleukin-8, and C-reactive protein) 

during critical illness are associated with ICU-acquired weakness [12–14] that, in turn, 

is associated with impaired physical function after hospital discharge [15–17]. Similarly, 

systemic inflammation in critically ill patients is associated with short-term [18] and long-

term cognitive impairment [19–22]. Finally, inflammatory biomarkers may be positively 

associated with psychological disorders (e.g., post-traumatic stress disorder (PTSD) and 

depression) in non-critically ill individuals [23,24]. Hence, our objective was to evaluate 

if subphenotype status was associated with differences in physical, mental health and 

cognitive outcomes, based on a prior prospective evaluation of SAILS patients over 6- 

and 12-month follow-up, conducted as part of the ARDSNet Long-Term Outcomes Study 

(ALTOS) [25,26].

METHODS

Patients enrolled in SAILS were randomized to receive either rosuvastatin or placebo until 

the earlier of 3 days after ICU discharge, study day 28, or death [8]. The study was 

terminated for futility after enrolling 745 of a 1000-patient sample size. The SAILS trial’s 

primary outcome was mortality before hospital discharge home or until study day 60 if 

the patient was still in a health care facility. As part of a secondary analysis of SAILS, 

patients were classified as a hypo-inflammatory or hyper-inflammatory subphenotype using 

latent class analysis (LCA). From the original LCA study, in which two separate modelling 

solutions were presented for the SAILS trial, we used the subphenotypes identified by 

the model using conventional class-defining variables. consistent with prior LCA studies 

[4,11]. The LCA model included a composite of 34 variables, including plasma protein 

biomarkers collected at the time of randomization, and clinical data (e.g. demographics, 

ARDS risk factors, systolic blood pressure, vasopressor use, routine laboratory values, and 

inflammatory markers) collected pre-enrollment. Details of all the class-defining variables 

used for the LCA model have been previously published [6].

A total of 35 of 37 SAILS study sites participated in 6- and 12-month follow-up via 

ALTOS. Of 568 SAILS patients enrolled while the ALTOS study was ongoing, 243 survived 

and were eligible for the ALTOS post-discharge follow-up assessments (Figure 1). The 

institutional review board at each participating site approved the study [25,26]. Because this 

was a secondary analysis of SAILS, no a priori sample size calculation was performed. 

Comparisons of 12-month survival, stratified by inflammatory subphenotype, were made for 

all 568 enrolled patients. In addition, at 6-and 12-month follow-up, eligible survivors were 

evaluated via telephone-based assessments conducted by trained research personnel who 

were blinded to treatment allocation. Patient-reported outcome measures included: age- and 
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sex-adjusted physical function and mental health domain scores of the Medical Outcomes 

Study Short Form 36 (SF-36) instrument [27], health-related quality of life status using 

the utility score and the visual analogue scale score from the EQ-5D-3L instrument [28], 

physical functioning status from the Functional Performance Inventory-Short Form [29], 

anxiety and depression symptoms from the Hospital Anxiety and Depression Scale (HADS) 

subscale scores [30], and PTSD symptoms from the Impact of Events Scale-Revised (IES-R) 

[31].

In addition, patients enrolled from 12 of the 35 participating study sites underwent in-person 

assessments of physical performance at 6- and 12-month follow-up. These assessments 

included: 6-minute walk distance, 4-meter gait speed, hand grip, manual muscle testing 

using the Medical Research Council scale, and pulmonary function testing [25]. Cognitive 

function was evaluated during the index ICU stay via daily assessment of delirium status 

using the validated Confusion Assessment Method for the ICU (CAM-ICU) [26,32], and 

at 6- and 12-month follow-up, using a validated test battery that included assessment of 

executive function, language, verbal reasoning, and immediate and delayed memory, as 

previously described in detail [26].

Differences in each of the aforementioned outcomes related to physical, mental health and 

cognitive domains were compared between survivors with hypo- and hyper-inflammatory 

subphenotypes.

Statistical analyses

Descriptive statistics, using counts and percentages, or medians and interquartile ranges 

(IQR), were reported. Survival curves were plotted using the Kaplan-Meier method, and 

comparisons made using the log-rank test. Statistical testing for between-group differences 

among eligible survivors was conducted using the Wilcoxon Rank-Sum and Fisher’s exact 

tests for continuous and categorical variables, respectively. As described previously in the 

ALTOS parent study [26], missing data for delirium status was addressed via multiple 

imputation, with data summarized via Rubin’s method [33]. All analyses were performed 

using R Studio version 1.2.5033 (Boston, MA). A two-sided p<0.05 was considered 

statistically significant.

RESULTS

Of 568 eligible patients, 367 (65%) and 201 (35%) were in the hypo-inflammatory and 

hyper-inflammatory subphenotypes, respectively (Figure 1). Table 1 summarizes patient 

baseline and intensive care data for this entire cohort (N=568) and for those patients 

who survived their critical illness, met eligibility criteria for ALTOS, and completed 

post-discharge follow-up (N=243; Figure 1). Demographic data were similar between the 

two subphenotypes. However, as expected, most intensive care variables (e.g., shock at 

baseline, APACHE III score, and organ-failure-free days) were significantly worse in the 

hyper-inflammatory subphenotype (Table 1, Supplementary Table 1). Moreover, the hyper-

inflammatory subphenotype had a greater burden of delirium in the ICU (Table 2).
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Survival in the hypo-inflammatory versus hyper-inflammatory subphenotype (Figure 2) was 

significantly greater during the first 90 days after randomization (78% versus 63%; log rank 

test: p<0.01), but not thereafter (89% versus 86% of patients surviving beyond 90 days 

survived through 12-month follow-up, p=0.70).

Functional outcomes at 6 and 12 months in the entire cohort

For 6-month follow-up assessments, data on functional outcomes were available for 165 

(98%) of 169 and 67 (97%) of 69 eligible survivors in the hypo-inflammatory and hyper-

inflammatory subphenotypes, respectively (Table 3). Among eligible survivors at 12-month 

follow-up, 160 (94%) in the hypo-inflammatory subphenotype and 59 (90%) in the hyper-

inflammatory subphenotype underwent assessment (Table 4).

For patient-reported outcomes, both subphenotypes had significant impairments in SF-36 

physical and mental health domains when compared against age- and sex-matched 

population norms (Tables 3 and 4). For example, in the entire cohort, the median (IQR) 

value for the standardized (mean=50, standard deviation=10; range 0-100, with higher 

score indicating better function) SF-36 physical component summary scores at 6 and 12 

month-follow-up were 35 (28, 47) and 38 (28, 51), respectively. Survivors also demonstrated 

impairment across the range of performance-based physical outcome measures, and 

cognitive assessments (Tables 3 and 4).

Comparison of functional outcomes between the two subphenotypes

Patient-reported outcomes were similar between hypo- and hyper-inflammatory 

subphenotypes at 6- and 12-month follow-up. For instance, the Functional Performance 

Inventory-Short Form median (IQR) score was 2.0 (1.4, 2.6) versus 1.7 (1.2, 2.4) at 6 

months (p=0.14), and 2.0 (1.4, 2.6) versus 2.1 (1.4, 2.6) at 12 months (p=0.87) for the 

hypo- versus hyper-inflammatory subphenotype, respectively. Among performance-based 

physical outcomes, the median (IQR) value for hand grip percent predicted was 84% (65%, 

107%) versus 77% (62%, 90%) at 6 months (p=0.28) and 93% (75%, 113%) versus 81% 

(67%, 101%) at 12 months (p=0.18) for hypo- versus hyper-inflammatory subphenotype, 

respectively. Similarly, there was no significant differences in cognitive function (Tables 3 

and 4).

Comparison of changes over time from the 6-month to 12-month assessment demonstrated 

that hyper-inflammatory versus hypo-inflammatory subphenotype patients reported 

significantly better improvement in physical functioning and mental health symptoms 

(Supplementary Table 2). However, there was no significant improvement in performance-

based physical outcomes or cognitive function (Supplementary Table 2).

When stratifying the analyses by treatment group (i.e., rosuvastatin versus placebo), 

there was no significant difference in outcomes between hypo-inflammatory and hyper-

inflammatory subphenotypes (Supplementary Tables 3 and 4). Moreover, all patients 

enrolled from 5 of the 12 ARDSNet study sites (N=98) underwent additional evaluation, 

after discharge from hospital, that included retrospective assessment of their baseline (i.e., 

pre-ARDS) health-related quality of life and physical functioning. In this subset of patients, 

comparison between the hypo- (N=65) and hyper-inflammatory (N=33) subphenotypes 
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showed no significant difference in any of these patient-reported outcome measures at 

baseline, 6 months, or 12 months (Supplementary Table 5). There also was no significant 

changes in outcomes over the duration of follow-up (Supplementary Table 6).

DISCUSSION

This analysis compared 6- and 12-month patient outcomes for the hypo-inflammatory 

versus hyper-inflammatory subphenotype among survivors of sepsis-associated ARDS 

from the multicenter SAILS randomized trial of rosuvastatin versus placebo. Prior 

studies demonstrated significant differences in short-term mortality between these two 

subphenotype groups, but have not evaluated longer-term survival or functional outcomes 

[3,4,6,11]. Comparing hypo- versus hyper-inflammatory patients in the current analyses 

demonstrated no significant difference in survival beyond the first 90 days, consistent with 

prior research evaluating other severity of illness measures [34]. Moreover, comparing 

hypo-inflammatory versus hyper-inflammatory patients, there were no consistent findings of 

important differences in physical, cognitive or mental health outcomes at 6- and 12-month 

follow-up. These findings can have important implications for clinicians caring for ARDS 

patients both in the ICU and after discharge. Moreover, in considering methods to enrich 

patient recruitment for ARDS randomized trials [35], the inflammatory subphenotype may 

have the greatest value for trials focused on achieving differences in short-term mortality.

Consistent with prior studies, our analyses demonstrated that hypo-inflammatory versus 

hyper-inflammatory patients demonstrated significantly better ICU and hospital length of 

stay, ventilator-free days, and short-term survival [3,4,11]. The greater burden of delirium in 

the hyper-inflammatory subphenotype is consistent with increased inflammation being part 

of the pathophysiology of delirium in the ICU setting [36].

Similar to other studies, our results also showed impairments in physical, cognitive 

and mental health outcomes in survivors at 6- and 12-month follow-up [37]. However, 

despite survivors’ differences in severity of illness and length of stay, when comparing 

the hyper- versus hypo-inflammatory subphenotype survivors, there were no consistent 

findings of clinically important differences in their 6- and 12-month physical, cognitive, 

or mental health outcomes. This finding may be best understood when considering 

several related issues. First, pre-ARDS baseline status is an important predictor of 

post-discharge status [38–42]. Our analyses demonstrated that, in an a priori subset 

of survivors, baseline status was similar between the hypo-inflammatory versus hyper-

inflammatory subphenotype groups (Supplementary Table 5). Second, prior studies of 

ARDS survivors have demonstrated that severity of illness is not associated with 

mental health outcomes [41,43,44]. Third, a recent multicenter prospective cohort study 

demonstrated no association between individual inflammatory markers, measured early 

during critical illness, and cognitive outcomes and physical disability at 3 and 12 month 

follow-up [45]. Fourth, physical recovery after discharge is a dynamic process in ARDS 

survivors [17,46]. Differences in short-term rates of recovery (with potentially a greater rate 

of improvement in the hyper-inflammatory versus hypo-inflammatory subphenotype) may 

have impacted subsequent outcomes assessed at 6- and 12-month follow-up. Finally, the 

small improvements in patient-reported outcomes, but not performance-based tests, from 6 
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to 12-month follow-up in the hyper-inflammatory versus hypo-inflammatory subphenotype 

may reflect inherent differences between patient-reported and performance-based outcome 

measures [47], or be due to multiple statistical comparisons. Hence, this finding should be 

prospectively evaluated in future studies.

Our study has strengths, including its prospective and multicenter design, and low rates 

of loss to follow-up for the 6- and 12-month assessments. However, there are potential 

limitations. First, the study population was recruited from a national randomized trial 

with specific eligibility criteria focused on sepsis-associated ARDS, potentially limiting 

generalizability to broader patient populations. However, the same phenotypes were 

validated in other ARDS populations that were not specifically focused on sepsis as the 

primary risk factor [4,11]. Second, the sample size was based upon the parent trial, SAILS, 

and these analyses could be underpowered for assessing differences in functional outcomes. 

However, many of the observed differences between the two subphenotypes during 6- and 

12-month assessments were small and may not be clinically important. Third, comparisons 

of functional outcomes can be conducted only among survivors, an analysis which may 

be subject to bias especially given the high mortality rate in ARDS patients [48]. Notably, 

there was little difference across survivors and non-survivors within subphenotype group; 

however, there could be unmeasured variables related to both survival and the functional 

outcomes that introduce bias in these comparisons. Forth, validation of our results is needed 

in future studies. Finally, pre-hospitalization status cannot be obtained prospectively given 

the acute and unpredictable onset of ARDS; thus, limiting the ability to fully understand 

the extent to which 6- and 12-month impairments were pre-existing. However, in a subset 

of patients, baseline status was estimated via retrospective assessment of relevant patient-

reported outcome measures, and decrease from baseline was reported, consistent with prior 

findings [49]. Moreover, the vast majority of participants in ALTOS were living at home 

independently prior to admission as a crude measure of baseline function [25], and data from 

other studies with prospective baseline assessment demonstrate that new impairments occur 

among ICU survivors [50–52]. Nonetheless, assessment of premorbid status was limited and 

we cannot rule out the possibility of important unmeasured baseline differences between the 

subphenotypes.

CONCLUSION

In this multicenter evaluation of hypo-inflammatory versus hyper-inflammatory 

subphenotype status and 6- and 12-month outcomes among 243 survivors of sepsis-

associated ARDS, there was no significant survival difference beyond 90 days. Despite 

inflammation being hypothesized as a mechanism for functional impairments after critical 

illness, patients in both inflammatory subphenotypes had no consistent findings of important 

differences in physical, mental health or cognitive outcomes at 6- and 12-month follow-up. 

These findings can inform clinicians caring for ARDS patients in the ICU and during 

follow-up. Additionally, in considering methods to enrich patient recruitment for ARDS 

trials, the inflammatory subphenotype may have its greatest value for trials focused on short-

term mortality and related outcome measures, rather than longer-term functional outcomes.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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KEY MESSAGES

What is the key question?

In sepsis-associated ARDS, are there clinically important differences in 6 and 12-month 

physical, mental health or cognitive outcomes in patients with hyper-inflammatory versus 

hypo-inflammatory subphenotype?

What is the bottom line?

Despite significantly worse short-term mortality for the hyper-inflammatory versus 

hypo-inflammatory ARDS subphenotype, there was no significant difference in survival 

beyond 90 days, nor any consistent findings of important differences in 6- and 12-month 

physical, cognitive and mental health outcomes.

Why read on?

This study represents the first evaluation of a broad range of 6- and 12-month 

functional outcomes in survivors of sepsis-associated ARDS, stratified by inflammatory 

subphenotype during the acute phase of critical illness. The results of the study can be 

valuable for clinicians caring for ARDS patients both in the ICU and post-discharge, and 

for enriching patient recruitment for ARDS trials, where this inflammatory subphenotype 

may have its greatest value for trials focused on short-term mortality and related outcome 

measures, rather than longer-term functional outcomes.
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Figure 1. Flow diagram
a Less than the 745-patient sample size of SAILS due to 2 sites not participating in this study 

and a temporary cessation of recruitment into this study due to funding-related issues.
b Details of the number of patients who underwent assessments for each of the outcomes are 

reported in Tables 3 and 4. One patient at each of 6- and 12-month follow-up periods did not 

complete all of the outcome measures and hence, they were excluded from the sample size 

reported in the manuscript and the data in Tables 3 and 4.
c Four of 5 patients missed were alive at 6 months, one missed patient in the hyper-

inflammatory subphenotype had unknown mortality status at 6 months.
d Eight eligible patients were not eligible for follow-up due to temporary cessation of 

recruitment (due to funding-related issues) for many of the study sites.
e Ten of 10 patients and 6 of 7 patients were alive in the hypo- and hyper-inflammatory 

subphenotypes, respectively. One patient in the hyper-inflammatory subphenotype was 

censored for survival analysis.
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Figure 2. Survival analyses in the entire cohort (N=568) during follow-up*
*Survival data are censored at 365 days of follow-up. For the hypo-inflammatory versus 

hyper-inflammatory subphenotype, there was no significant difference in survival beyond 

90 days (89% versus 86% of patients surviving beyond 90 days survived through 12-month 

follow-up, respectively, p=0.70).
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Table 1.

Entire cohort and survivors’ baseline variables, stratified by subphenotype *

Hypo-inflammatory Hyper-inflammatory

Variable Entire cohort
N=367

Survivors
N=173

Entire cohort
N=201

Survivors
N=70

Baseline patient data

 Age, years 53 (40,65) 52 (40,60) 56 (45,67) 52 (43,61)

 Female, N (%) 178 (49) 90 (52) 106 (53) 40 (57)

 White, N (%) 297 (81) 147 (85) 154 (77) 57 (81)

 Diabetes, N (%) 71 (19) 31 (18) 56 (28) 24 (34)

 BMI, kg/m2 29 (24,35) 29 (25,37) 29 (23,34) 31 (26,36)

 Living at home independently, N (%) 294 (80) 153 (88) 152 (76) 61 (87)

Baseline intensive care data

 Medical ICU, N (%) 233 (63) 104 (60) 123 (61) 39 (56)

 APACHE III 80 (65,97) 78 (61,94) 111 (92,127) 108 (87,125)

 PaO2:FiO2 161 (122,212) 152 (113,202) 164 (122,211) 154 (130,205)

 Shock at baseline, N (%) 111 (30) 53 (31) 139 (69) 45 (64)

 Primary lung injury risk factor, N (%)

  Pneumonia 283 (77) 129 (75) 121 (60) 45 (64)

  Non-pulmonary infection 55 (15) 29 (17) 54 (27) 20 (29)

  Aspiration 22 (6) 12 (7) 17 (8) 3 (4)

  Trauma 4 (1) 2 (1) 0 (0) 0 (0)

Organ-failure-free days to day 14 
¶

 Cardiovascular 11 (8,13) 12 (10,13) 7 (2,11) 10 (6,12)

 Coagulation 14 (14,14) 14 (14,14) 11 (4,14) 14 (10,14)

 Liver 14 (14,14) 14 (14,14) 13 (4,14) 14 (5,14)

 Renal 14 (13,14) 14 (14,14) 11 (3,14) 14 (5,14)

Ventilator-free days to day 28** 22 (8,25) 24 (20,26) 15 (0,22) 20 (15,23)

ICU LOS, days 10 (7,15) 9 (7,14) 13 (8,19) 14 (9,19)

Hospital LOS, days 16 (11,23) 15 (10,22) 20 (13,30) 22 (14,34)

APACHE, Acute Physiology and Chronic Health Evaluation; BMI, body mass index; FiO2, fraction of inspired oxygen; ICU, intensive care unit; 

LOS, length of stay; PaO2, partial pressure of arterial oxygen.

*
Median values (IQR) are presented unless otherwise indicated. Survivors represent the patients who survived to hospital discharge and underwent 

6 and 12-month follow-up assessments.

¶
These variables represent the number of days without organ/system failure (as defined herein) during the first 14 days after randomization. 

Organs/systems were considered failure-free after patients were discharged from the hospital. Cardiovascular failure was defined as a systolic blood 
pressure <= 90 mmHg or use of vasopressor; coagulation failure defined as platelet count <= 80,000 per cubic millimeter; liver failure defined as 
serum bilirubin level of >= 2.0 mg per deciliter (34 μmol per liter); renal failure defined as serum creatinine >= 2.0 mg per deciliter (180 μmol per 
liter).

**
This variable represents the number of days without ventilator assistance during the first 28 days after randomization.
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Table 2.

Delirium data *

Total population
(N=272)

Hypo-inflammatory
(N=176)

Hyper-inflammatory
(N=96) P

‡

Delirium prevalence, % (95% CI) 
¶

 total population 79 (74 – 84) 74 (67 – 81) 88 (81 – 95) <0.01

 placebo group 80 (72 – 87) 75 (65 – 85) 88 (78 – 98) 0.06

 statin group 78 (71 – 86) 73 (64 – 83) 88 (78 – 98) 0.04

Number of ICU days with delirium, mean (95% CI)

 total population 3.9 (3.4 – 4.4) 3.3 (2.7 – 3.8) 5.0 (4.0 – 5.9) <0.01

 placebo group 3.4 (2.8 – 4.1) 2.8 (2.1 – 3.5) 4.5 (3.4 – 5.6) 0.01

 statin group 4.3 (3.5 – 5.1) 3.7 (2.8 – 4.5) 5.5 (4.0 – 7.1) 0.04

Proportion of ICU days with delirium, % (95% CI) **

 total population 40 (34 – 46) 38 (30 – 45) 44 (34 – 54) 0.13

 placebo group 38 (30 – 47) 37 (27 – 48) 40 (26 – 54) 0.65

 statin group 41 (33 – 50) 38 (28 – 48) 48 (33 – 63) 0.09

*
Missing sedation (RASS) and delirium (CAM-ICU) data were imputed, as previously described in the parent study [26], with pooling over the 

imputed datasets conducted using Rubin’s method [33].

‡
Calculated using two-sample test for proportions or means.

¶
Delirium prevalence is the percentage of patients who had at least one positive CAM-ICU result among those assessed for delirium (patient days 

with a RASS score of −4 or −5 were not eligible for CAM-ICU assessment).

**
Calculated as the percentage of days in which patients were delirious out of all ICU days in which delirium was assessed (as defined above).
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Table 3.

6-month outcomes, by subphenotype *

Patient-reported outcomes†
Total

N=232
**

Hypo-inflammatory
N=165

Hyper-inflammatory
N=67

P

Value
‡

Health-related quality of life: SF-36 (normalized scores)

 Physical Functioning 36 (23,48) 36 (23,49) 34 (21,47) 0.12

 Physical Component Summary 35 (28,47) 37 (27,48) 33 (29,43) 0.29

 Mental Health 47 (33,56) 47 (33,56) 44 (35,56) 0.99

 Mental Component Summary 47 (34,57) 48 (33,58) 44 (36,56) 0.56

Health-related quality of life: EQ-5D-3L

 Utility score 0.77 (0.51,0.84) 0.78 (0.56,0.84) 0.71 (0.46,0.83) 0.31

 Visual analogue scale 72 (50,80) 70 (50,80) 74 (50,85) 0.92

Physical functioning

 Functional Performance Inventory-Short Form 1.9 (1.3,2.5) 2.0 (1.4,2.6) 1.7 (1.2,2.4) 0.14

Mental health symptoms

 Anxiety subscale of HADS 7 (3,11) 6 (3,10) 8 (4,12) 0.14

 Depression subscale of HADS 5 (2,10) 5 (2,10) 5 (2,10) 0.81

 Post-traumatic stress disorder IES-R 0.8 (0.2,1.7) 0.7 (0.2,1.5) 1.2 (0.3,1.9) 0.11

In-patient healthcare utilization

 Physical rehabilitation, N (%) 
¶ 51 (22) 33 (20) 18 (27) 0.29

 Skilled nursing, N (%) 
¶ 18 (8) 10 (6) 8 (12) 0.17

 Hospital re-admission, N (%) 68 (29) 49 (30) 19 (28) 1.00

 No. admissions to hospital, among those with admission 1.0 (1.0,2.2) 1.0 (1.0,2.0) 1.0 (1.0,3.0) 0.66

Performance-based physical outcomes N=65 N=44 N=21

 6-minute walk distance, % predicted 66 (48,80) 66 (48,80) 66 (49,79) 0.76

 4-meter gait speed, m/s 0.9 (0.8,1.1) 0.9 (0.8,1.2) 0.9 (0.8,1.0) 0.48

 Hand Grip, % predicted
§ 78 (63,105) 84 (65,107) 77 (62,90) 0.28

 Muscle strength, % maximum 95 (92,98) 96 (93,100) 95 (90,98) 0.26

 Maximal Inspiratory Pressure, % predicted 91 (58,110) 93 (60,113) 82 (56,100) 0.19

 FEV1 % predicted 80 (62,91) 80 (64,91) 78 (58,89) 0.63

 FVC % predicted 77 (62,94) 77 (63,95) 77 (60,89) 0.46

Cognitive outcomes
¥ N=127 N=89 N=38

 Executive function 5 (3,6) 5 (3,6) 5 (2,6) 0.78

 Language 32 (23,39) 33 (24,39) 29 (23,38) 0.48

 Verbal reasoning & concept formation 10 (7,12) 10 (7,12) 11 (7,12) 0.91

 Working memory & attention 9 (8,11) 9 (8,11) 9 (7,11) 0.42

 Immediate memory (Logical Memory I) 9 (6,11) 9 (7,11) 7 (5,11) 0.27

 Delayed memory (Logical Memory II) 9 (6,11) 9 (7,11) 8 (6,11) 0.33

FEV1, forced expiratory volume first second; FPI-Short Form overall score and subscale scores (for each, range: 0–3); FVC, forced vital capacity; 
HADS, Hospital Anxiety and Depression Scale; ICU, intensive care unit; IES-R, Impact of Event Scale-revised; SF-36, Medical Outcomes Study 
Short Form 36 V.2.
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*
Median values (IQR) are presented unless otherwise indicated. Higher scores are better, except for mental health outcomes.

**
One patient had a 6-month follow-up assessment, but did not complete all of the outcome measures and hence, is excluded from the sample size 

reported in this table.

‡
Wilcoxon rank-sum test was used for continuous variables and Fisher’s exact test for proportions.

†
Explanation of scoring: SF-36 physical function and mental health normalized scores (mean=50; SD =10; range: 0–100); SF-36 physical and 

mental health summary normalized scores (mean=50; SD=10); EQ-5D utility score (range: −0.11 to 1.0) and visual analogue scale score (range: 
0–100); FPI-Short Form overall score and subscale scores (for each, range: 0–3); HADS subscale scores for anxiety and depression (for each, 
range: 0–21, with scores ≥8 indicating substantial symptoms); IES-R (range: 0–4, with scores ≥1.6 indicating substantial symptoms); manual 
muscle testing score (range: 0–60, with scores <48 indicating ‘ICU-acquired weakness’).

¶
Includes number of patients discharged from hospital to these facilities or admitted to these facilities in the course of follow-up.

§
Greater handgrip of right and left hands.

¥
Explanation of scoring: executive function was evaluated with the Hayling Sentence Completion Test scaled score (range 1–10); language was 

evaluated with the Controlled oral word association total score; verbal reasoning and concept formation was evaluated with the Similarities 
age-adjusted scaled score (range 1–19); attention and working memory was evaluated with the Digit Span age-adjusted scaled score (range 1–19); 
and immediate and delayed memory was evaluated with the Logical Memory I and II age-adjusted scaled scores (range 1–19).
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Table 4.

12-month outcomes, by subphenotype
*

Patient-reported outcomes† Total
N=219**

Hypo-inflammatory
N=160

Hyper-inflammatory
N=59

P

Value
‡

Health-related quality of life: SF-36 (normalized scores)

 Physical Functioning 36 (25,51) 36 (23,51) 37 (28,50) 0.48

 Physical Component Summary 38 (28,51) 37 (27,51) 39 (31,50) 0.73

 Mental Health 47 (33,56) 44 (33,56) 53 (39,58) 0.09

 Mental Component Summary 47 (34,58) 45 (33,57) 55 (42,59) 0.03

Health-related quality of life: EQ-5D-3L

 Utility score 0.77 (0.55,0.84) 0.77 (0.52,0.84) 0.78 (0.62,0.84) 0.50

 Visual analogue scale 75 (51,88) 75 (50,90) 75 (66,85) 0.65

Physical functioning

 Functional Performance Inventory-Short Form 2.0 (1.4,2.6) 2.0 (1.4,2.6) 2.1 (1.4,2.6) 0.87

Mental health symptoms

 Anxiety subscale of HADS 7 (2,10) 7 (3,11) 6 (2,10) 0.61

 Depression subscale of HADS 5 (1,10) 6 (2,10) 4 (1,9) 0.05

 Post-traumatic stress disorder score- IES-R 0.7 (0.2,1.7) 0.7 (0.2,1.7) 0.6 (0.2,1.5) 0.62

In-patient healthcare utilization

 Physical rehabilitation, N (%) 
¶ 8 (4%) 5 (3%) 3 (5%) 0.69

 Skilled nursing, N (%) 
¶ 6 (3%) 5 (3%) 1 (2%) 1.00

 Hospital re-admission, N (%) 59 (27%) 42 (26%) 17 (29%) 0.86

 No. admissions to hospital, among those with admission 1.0 (1.0,2.0) 1.0 (1.0,2.0) 1.0 (1.0,2.0) 0.70

Performance-based physical outcomes N=53 N=37 N=16

 6-Minute walk distance, % predicted 74 (56,85) 74 (61,84) 71 (55,92) 0.82

 4-meter gait speed, m/s 1.0 (0.8,1.2) 1.0 (0.9,1.2) 1.0 (0.8,1.1) 0.67

 Hand grip, % predicted
§ 91 (69,109) 93 (75,113) 81 (67,101) 0.18

 Muscle strength, % maximum 97 (93,100) 97 (93,100) 97 (95,98) 1.00

 Maximal inspiratory pressure, % predicted 109 (77,120) 110 (77,120) 90 (70,122) 0.41

 FEV1 % predicted 80 (65,95) 81 (69,95) 78 (58,94) 0.52

 FVC % predicted 81 (63,93) 82 (71,93) 77 (58,91) 0.34

Cognitive outcomes
¥ N=141 N=101 N=40

 Executive function 6 (4,6) 6 (5,6) 6 (4,6) 0.73

 Language 32 (23,40) 33 (24,41) 27 (22,35) 0.14

 Verbal reasoning & concept formation 10 (8,12) 10 (8,13) 10 (8,12) 0.91

 Working memory & attention 9 (8,11) 9 (8,11) 9 (7,10) 0.37

 Immediate memory 9 (7,11) 9 (7,11) 8 (7,11) 0.36

 Delayed memory 9 (7,11) 9 (7,11) 8 (7,10) 0.50

FEV1, forced expiratory volume first second; FPI-Short Form overall score and subscale scores (for each, range: 0–3); FVC, forced vital capacity; 
HADS, Hospital Anxiety and Depression Scale; ICU, intensive care unit; IES-R, Impact of Event Scale-revised; SF-36, Medical Outcomes Study 
Short Form 36 V.2.
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*
Median values (IQR) are presented unless otherwise indicated. Higher scores are better, except for mental health outcomes.

**
One patient had a 12-month follow-up assessment, but did not complete all of the outcome measures and hence, is excluded from the sample size 

reported in this table.

‡
Wilcoxon rank-sum test was used for continuous variables and Fisher’s exact test for proportions

†
Explanation of scoring: SF-36 physical function and mental health normalized scores (mean=50; SD =10; range: 0–100); SF-36 physical and 

mental health summary normalized scores (mean=50; SD=10); EQ-5D utility score (range: −0.11 to 1.0) and visual analogue scale score (range: 
0–100); FPI-Short Form overall score and subscale scores (for each, range: 0–3); HADS subscale scores for anxiety and depression (for each, 
range: 0–21, with scores ≥8 indicating substantial symptoms); IES-R (range: 0–4, with scores ≥1.6 indicating substantial symptoms); manual 
muscle testing score (range: 0–60, with scores <48 indicating ‘ICU-acquired weakness’).

¶
Includes number of patients discharged from hospital to these facilities or admitted to these facilities in the course of follow-up.

§
Greater handgrip of right and left hands.

¥
Explanation of scoring: executive function was evaluated with the Hayling Sentence Completion Test scaled score (range 1–10); language was 

evaluated with the Controlled oral word association total score; verbal reasoning and concept formation was evaluated with the Similarities 
age-adjusted scaled score (range 1–19); attention and working memory was evaluated with the Digit Span age-adjusted scaled score (range 1–19); 
and immediate and delayed memory was evaluated with the Logical Memory I and II age-adjusted scaled scores (range 1–19).
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