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ABSTRACT
Background Prior randomised trials have evaluated
statins in patients with sepsis and acute respiratory
distress syndrome (ARDS), but there has been no
comprehensive evaluation of long-term effects, despite
potential neuromuscular and mental health adverse
effects of these drugs.
Aim To evaluate the effect of rosuvastatin versus
placebo on survival, physical function and performance,
and mental health outcomes in patients with sepsis-
associated ARDS.
Methods Prospective follow-up evaluation of the ARDS
Clinical Trials Network Statins for Acutely Injured Lungs
from Sepsis trial of rosuvastatin versus placebo in 568
mechanically ventilated patients with sepsis-associated
ARDS, with blinded 6-month outcome assessment
performed in the 272 eligible survivors for age-adjusted
and sex-adjusted 36-Item Short Form Health Survey (SF-
36) physical function and mental health domains, and in
84 eligible survivors for the 6 min walk test, along with
secondary outcomes evaluations of survival, and
additional patient-reported and performance-based
measures at 6-month and 12-month follow-up.
Results Over 1-year follow-up, there was no significant
difference in cumulative survival in the rosuvastatin
versus placebo groups (58% vs 61%; p=0.377), with
survivors demonstrating substantial impairments in
physical function and mental health. Rosuvastatin versus
placebo had no effect (mean treatment effect (95% CI))
on SF-36 physical function (0 (−7 to 8), p=0.939) or
mental health (−6 (−12 to 1) p=0.085) domains, 6 min
walk distance (per cent predicted: 2 (−9 to 14),
p=0.679) or the vast majority of secondary outcomes.
Conclusions Over 1-year follow-up, patients with
sepsis-associated ARDS had high cumulative mortality,
with survivors commonly experiencing impairments in
physical functioning and performance, and mental
health. Randomisation to rosuvastatin had no effect on
these outcomes.
Trial registration number NCT00979121 and
NCT00719446.

INTRODUCTION
In sepsis-associated acute respiratory distress syn-
drome (ARDS), rosuvastatin versus placebo was

tested in a large, multicentre, randomised study,
Statins for Acutely Injured Lungs from Sepsis
(SAILS) trial. This trial, conducted by the NHLBI
ARDS Clinical Trials Network (ARDSNet),
reported no significant difference in short-term
mortality and ventilator-free days.1 This study
exemplifies the great interest in evaluating
3-hydroxy-3-methylglutaryl coenzyme A reductase
inhibitors (statins) in patients with sepsis, ARDS
and other critical illness, with at least 10 additional
randomised trials conducted.2–5 Despite such inter-
est, there has been no comprehensive evaluation of
potential benefits and risks of statins beyond
90-day follow-up.
Importantly, in addition to their hypothesised

beneficial pleiotropic effects, statins have known
toxicity to liver and skeletal muscle, even when
administered for a short time.6 In the SAILS trial,
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patients randomised to rosuvastatin had significantly fewer
hepatic and renal failure-free days, and higher serum levels of
aspartate aminotransferase, with some having concurrent eleva-
tions of creatine kinase and alanine aminotransferase indicating
potential muscle and/or liver toxicity.1 Moreover, in an ancillary
study, a subgroup of SAILS patients underwent blinded electro-
myography and nerve conduction studies, finding increased
prevalence of neuromyopathy in rosuvastatin versus placebo
group at study day 7 (63% vs 33%, p=0.05).7 Any
rosuvastatin-associated neuromuscular injury may exacerbate
other forms of muscle injury and wasting commonly occurring
early during critical illness.8 Hence, assessing for long-term
neuromuscular and related physical effects of statin administra-
tion in the intensive care unit (ICU) is important.1

In addition to these physical effects, statins have known
adverse mental health effects, including depression, nightmares
and paranoia that may be more common in patients with other
mental health impairments.9 Notably, patients with ARDS have
a high prevalence and co-occurrence of mental health impair-
ments before, during and after their ICU stay,10 11 including
incident post-traumatic stress disorder (PTSD) symptoms asso-
ciated with nightmares and flashbacks to frightening ICU mem-
ories.12 Such post-ICU mental health impairments might be
exacerbated if exposure to statins caused nightmares or paranoia
in the ICU.

Finally, prior randomised trials in sepsis and ARDS have
demonstrated that both non-significant and significant differ-
ences in short-term mortality may markedly change over
6-month to 12-month follow-up;13 14 underscoring the need
for monitoring of survival beyond 60-day to 90-day
follow-up.15 Such monitoring is especially important since
organ failure16 and neuromuscular dysfunction17 in the ICU are
associated with mortality up to 1-year later and these factors dif-
fered between treatment groups in SAILS, with SAILS demon-
strating a non-significant increase in in-patient mortality up to
60 days after randomisation (rosuvastatin vs placebo: 28.5% vs
24.9%, p=0.21).1

Given above rationale, via the ARDSNet Long-Term
Outcomes Study (ALTOS), we conducted a prospective longitu-
dinal evaluation of SAILS patients’ outcomes over 6-month and
12-month follow-up to evaluate the effect of rosuvastatin versus
placebo on physical function and performance, mental health
and survival.

METHODS
Consenting patients from 35 of 37 hospitals participating in
SAILS were eligible for phone-based, patient-reported outcomes
assessments as part of this prospective, longitudinal follow-up
study. At 23 of these hospitals, due to funding issues, recruit-
ment stopped for ≥7 months (December 2011 to July 2012). In
addition to phone-based assessments, patients from 12 of the 35
hospitals were also recruited for in-person physical performance
assessments. Patient follow-up occurred from 2010 to late 2014.
Each participating site’s institutional review boards approved
this study. Informed consent was obtained from each patient or
his/her proxy (if patient was incapable of consent).

Patients
SAILS eligibility criteria and study intervention have been
reported previously, and summarised briefly herein.1 Patients
were randomised (stratified by hospital site) to receive either
enteral rosuvastatin or placebo until the earliest of 3 days after
ICU discharge, study day 28 or death. These patients were
managed with fluid conservative and lung-protective ventilation

protocols, with similar average fluid balances and tidal volumes
for both treatment groups.1 SAILS was stopped for futility after
745 of 1000 patients were enrolled, with no significant differ-
ences in short-term mortality, ventilator-free days and ICU-free
days. In recruiting SAILS participants for follow-up via the
ALTOS study, the following additional exclusion criteria were
applied: <18 years old, non-English speaking, homeless or cog-
nitively impaired, evaluated based on patients’ status prior to
hospitalisation using medical record review and/or interview
with the patient and/or proxy. The first 75 SAILS patients
enrolled into this follow-up study were co-enrolled in the
ARDSNet EDEN (Early vs. Delayed Enteral Nutrition) trial,
which evaluated initial trophic versus full enteral feeding up to
6 days after ARDS, and demonstrated no significant differences
in short-term outcomes or 6-month and 12-month physical
function and performance, mental health and survival.18–20

Study procedures
At 6-month and 12-month follow-up, research personnel,
blinded to treatment allocation, completed study assessments via
phone (details in ‘Patient-reported outcomes—physical function
and mental health symptoms’ section). Loss to follow-up was
minimised by using established cohort retention methodology.21

If unable to complete the study assessment via phone, surveys
were completed by mail (6% of all assessments at the 6-month
primary outcome time-point) and/or by designated proxies (only
for two secondary outcome measures, the Functional Perform-
ance Inventory (FPI)-Short Form and Employment status, repre-
senting 12% of these 6-month assessments).

For patients undergoing in-person physical performance
assessments at 6-month and 12-month follow-up, research staff,
blinded to treatment allocation, collected baseline comorbidity
status (using the Functional Comorbidity Index22) from the
medical record and completed testing (details in ‘Performance-
based physical assessments’ section).

Primary and secondary outcomes
Patient-reported outcomes—physical function and mental health
symptoms
The primary patient-reported outcomes were the age-adjusted
and sex-adjusted physical function and mental health domain
scores of the Medical Outcomes Study Short Form 36 V.2 (SF-36)
instrument23 (range: 0–100; higher score is better) at 6-month
follow-up, with 12-month scores as a secondary outcome.

Other secondary outcomes, at 6-month and 12-month
follow-up, included: SF-36 physical and mental health summary
normalised scores (mean=50; SD=10; higher score is better);
the EQ-5D-3L24 generic quality of life instrument utility score25

(range: −0.11 to 1.0; higher score is better) and visual analogue
scale score (range: 0–100; higher score is better); the FPI-Short
Form26 overall functional activity score and subscale scores for
physical exercise, maintaining household and body care (for
each, range: 0–3; higher score is better); Hospital Anxiety and
Depression Scale (HADS)27 subscale scores for anxiety and
depression symptoms (for each, range: 0–21; lower score is
better, with scores ≥8 indicating substantial symptoms); Impact
of Events Scale-Revised for PTSD symptoms (range: 0–4; lower
score is better, with scores ≥1.6 indicating substantial symp-
toms28) and employment status (full-time or part-time work vs
unemployed).18

Performance-based physical assessments
For the subset of patients undergoing physical performance
assessments, the primary outcome was the 6-month, 6 min walk
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test, evaluated as a per cent of the predicted value,29 with
12-month values as a secondary outcome.

Other secondary physical performance outcomes, at 6-month
and 12-month follow-up, included: 4 m gait speed (m/s);30

manual muscle testing using the Medical Research Council sum-
score (range: 0–60; <48 indicating ‘ICU-acquired weakness’31);
per cent of predicted value for hand grip strength,32 maximal
inspiratory pressure,33 FEV1, and FVC;34 body mass index
(BMI) and per cent fat and muscle areas based on upper arm
anthropometric assessment.35

Statistical analyses
Baseline patient and intensive care variables were compared
between the two treatment groups using counts and percentages,
or means and SDs. The Kaplan–Meier method was used to esti-
mate the cumulative proportion of survivors throughout the
follow-up period separately for rosuvastatin and placebo groups,
and compared using the log-rank test. Patients ineligible for
follow-up were censored at hospital discharge and those with
unknown mortality at 12 months censored at 6 months. At each
follow-up, the mean and the odds of the continuous and binary
outcomes, respectively, were estimated using linear and logistic
random intercept regression models, including main effect of
follow-up time-point (12 vs 6 months). The patient-reported
primary outcomes (ie, 6-month SF-36 physical function and
mental health domains) were compared across treatment groups
using linear regression with the main effect of treatment, adjust-
ing for sex and age (using a linear spline with a knot at 50 years

old due to a non-linear association of age with outcomes).36 The
physical performance primary outcome (ie, 6 min walk test per
cent predicted score at 6-month assessment) was compared
across treatment groups using linear regression with the main
effect of treatment only.

A series of sensitivity analyses for the primary outcomes were
completed. First, patients who consented, but died prior to
6 months were included with their outcome value set to the
worst possible value. In addition, the Wilcoxon U statistic was
computed after ranking the patients by their outcome score with
death assigned the worst rank.37 Second, the linear regression
models were expanded to also adjust for ARDS risk factor
(pneumonia vs other), Acute Physiology and Chronic Health
Evaluation III (APACHE III) score, Alcohol Use Disorders
Identification Test score in the patient-reported outcome regres-
sion model and for BMI, and Functional Comorbidity Index,
APACHE III and baseline SF-36 PF domain scores (obtained
retrospectively) for the physical performance outcomes. Third,
the regression models were extended to include a statistical
interaction term to explore possible effect modification of the
SAILS and EDEN randomised assignments.

Analysis of secondary outcomes compared the mean or the
odds for continuous and binary outcomes across the two treat-
ment groups, separately at 6-month and 12-month follow-up,
using linear or logistic random intercept regression models,
respectively. The models included main effects of treatment
group and follow-up time-point (12 vs 6 months) and their
interaction. Age and sex were included in the models using

Figure 1 Enrolment and follow-up. aLess than the 745 patient sample size of the SAILS trial due to two sites not participating in this study and a
temporary cessation of recruitment into this study. bEight eligible patients were missed due to temporary cessation of recruitment for ≥7 months for
the majority of study sites. cFour of these five patients were alive at 12 months and one was censored for survival analysis. dTwelve patients were
alive at 12 months. ALTOS, ARDSNet Long-Term Outcomes Study; SAILS, Statins for Acutely Injured Lungs from Sepsis.
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SF-36 data. For sensitivity analysis, these secondary analyses
were repeated including patients who consented, but died prior
to the 6-month or 12-month follow-up, as previously described.

Several a priori subgroup analyses of the treatment effect
were performed for all primary and secondary outcomes. The
following subgroups were evaluated: age (continuous), APACHE
III (continuous), baseline BMI (<30, ≥30), ARDS subgroup
(PaO2/FiO2 ≤200 vs >200), shock at baseline (present vs
absent) and statin use immediately prior to hospitalisation (yes
vs no). For physical performance outcomes, additional sub-
groups included: sex, an indicator for the patient being in the
ICU on study day 7 (reflecting more prolonged exposure to
rosuvastatin under the SAILS protocol), Functional Comorbidity
Index, baseline FPI survey score (retrospectively obtained) and
baseline SF-36 PF domain score (normed; retrospectively
obtained). The subgroup analyses were fit using the same, previ-
ously described, random intercept regression models, but

included the subgroup variable and the following interactions:
(1) treatment group and subgroup variable, (2) time and sub-
group variable and (3) time, subgroup variable and treatment
group. A post-hoc analysis compared the primary outcomes
between patients in highest quartile of decrease in C reactive
protein (CRP) levels and those in the lowest quartile.
Additionally, we also completed a single post-hoc sensitivity ana-
lyses to explore clustering effects by hospital site by adding a
random intercept for hospital to the statistical models.

The parent trial for this study (SAILS trial) was designed with
92% power to detect a 9% absolute difference in mortality
comparing rosuvastatin versus a placebo control (18% vs 27%,
respectively), with a sample size of 1000 patients. However, the
trial was stopped for futility after enrolling 745 patients. For
this prospective, longitudinal follow-up study of the SAILS trial,
it was hypothesised that rosuvastatin would be harmful relative
to placebo; however, there was no a priori effect size

Table 1 Baseline characteristics and intensive care data*

Entire SAILS cohort† Eligible for ALTOS‡
Patient-reported outcomes
evaluation§

Performance-based
physical outcomes
evaluation§

Rosuvastatin
(n=379)

Placebo
(n=366)

Rosuvastatin
(n=293)

Placebo
(n=275)

Rosuvastatin
(n=128)

Placebo
(n=144)

Rosuvastatin
(n=36)

Placebo
(n=48)

Baseline patient data
Age, years 54 (17) 54 (16) 53 (18) 54 (15) 50 (16) 52 (14) 49 (14) 50 (15)
Women, No (%) 195 (51) 185 (51) 145 (49) 139 (51) 68 (53) 75 (52) 13 (36) 27 (56)
White, No (%) 301/365 (82) 289/356 (82) 240/288 (83) 211/267 (79) 107/126 (85) 122/141 (87) 31/35 (89) 42/47 (89)
BMI, kg/m2 31.0 (9.9) 30.4 (10.1) 31 (9.5) 30.1 (10) 31.4 (10) 31.5 (10) 35.5 (14) 29.7 (8)
Diabetes, No (%) 84 (22) 86 (24) 60 (20) 67 (24) 25 (20) 37 (26) 6 (17) 6 (13)

Baseline intensive care data
Medical ICU admission, No (%) 330 (87) 317 (87) 253 (86) 239 (87) 108 (84) 124 (86) 28 (78) 40 (83)
APACHE III score 92 (28) 95 (28) 91 (29) 93 (28) 87 (27) 89 (28) 82 (29) 84 (30)
PaO2/FiO2 ratio (mm Hg) 170 (71) 170 (67) 171 (73) 171 (67) 171 (71) 165 (66) 182 (74) 160 (56)
PaO2/FiO2 ratio ≤200 (mm Hg),
No (%)

267/371 (72) 253/361 (70) 209/289 (72) 189/272 (69) 91/127 (72) 104/143 (73) 25/36 (69) 39/48 (81)

Baseline shock, No (%) 173 (46) 166 (45) 131 (45) 119 (43) 50 (39) 55 (38) 15 (42) 22 (46)
Primary lung injury risk factor, No (%)

Pneumonia 267/377 (71) 260/365 (71) 200/291 (69) 202/274 (74) 88/128 (69) 107/143 (75) 21/36 (58) 35/48 (73)
Non-pulmonary infection 72/377 (19) 73/365 (20) 58/291 (20) 49/274 (18) 30/128 (23) 25/143 (17) 11/36 (31) 11/48 (23)
Aspiration 26/377 (7) 23/365 (6) 23/291 (8) 16/274 (5) 9/128 (7) 7/143 (5) 4/36 (11) 1/48 (2)
Other 12/377 (3) 9/365 (2) 10/291 (4) 7/274 (3) 1/128 (1) 4/143 (3) 0/36 (0) 1/48 (2)

Organ failure-free days to day 14¶
Cardiovascular 9 (5) 9 (5) 9 (5) 9 (5) 11 (3) 10 (4) 10 (3) 10 (4)
Renal 10 (5) 11 (5) 11 (5) 11 (4) 12 (5) 13 (3) 11 (5) 13 (3)
Hepatic 11 (5) 12 (4) 11 (5) 12 (4) 12 (4) 13 (3) 12 (4) 13 (3)
Coagulation 11 (5) 11 (5) 11 (5) 12 (4) 12 (4) 13 (3) 13 (3) 13 (3)

Ventilator-free days to day 28** 15 (11) 15 (11) 16 (11) 15 (11) 20 (7) 20 (7) 20 (6) 20 (8)
ICU-free days to day 28 14 (10) 14 (10) 15 (10) 15 (10) 19 (7) 19 (8) 19 (8) 18 (8)

*Figures are means (SD) unless stated otherwise. Proportions might not add to 100% because of rounding. Median (Q1, Q3) values for continuous variables for the rosuvastatin versus
placebo for the ‘eligible for ALTOS’ subset are age: 54 (40, 66) vs 54 (43, 64), BMI: 30 (25, 35) vs 28 (23, 34), APACHE III score: 91 (69, 109) vs 90 (73, 112), PaO2/FiO2 ratio: 163
(120, 205) vs 163 (124, 216), ventilator-free days to day 28: 20 (0, 25) vs 20 (0, 25), ICU-free days to day 28: 19 (4, 24) vs 18 (2, 24), for the ‘patient-reported outcomes evaluation’
subset are age: 52 (37, 62) vs 53 (43, 61), BMI: 30 (25, 36) vs 29 (25, 36), APACHE III score: 84 (68, 105) vs 86 (70, 107), PaO2/FiO2 ratio: 161 (120, 208) vs 153 (118, 210),
ventilator-free days to day 28: 23 (18, 25) vs 23 (18, 26), ICU-free days to day 28: 22 (16, 24) vs 21 (16, 25), for the ‘performance-based physical outcomes evaluation’ subset are age:
51 (37, 59) vs 52 (41, 58), BMI: 35 (26, 40) vs 27 (25, 33), APACHE III score: 80 (59, 104) vs 79 (65, 104), PaO2/FiO2 ratio: 162 (132, 216) vs 158 (116, 192), ventilator-free days to
day 28: 23 (15, 26) vs 24 (17, 26), ICU-free days to day 28: 22 (14, 25) vs 21 (15, 25).
†The entire cohort of the SAILS trial1 presented alongside cohorts evaluated in this prospective follow-up study.
‡Less than the 745 patient sample size of the SAILS trial due to two sites not participating in this study and a temporary cessation of recruitment into this study.
§Eligible patients from 35 hospitals were recruited for phone-based assessment of patient-reported outcomes. In 12 of these 35 hospitals, patients were also recruited for in-person
assessment of their physical performance.
¶Data presented as overall average for each patient’s mean value of available daily data. Corticosteroids data available until earlier of 48 h after cessation of mechanical ventilation or
day 7. Vasopressor data available until earlier of death, study hospital discharge or day 14. Proportions calculated among days in ICU in which medication data were available. Days
without organ failure until day 14 calculated as previously published.
**Those who died before day 28 were assigned 0 ventilator-free days.
ALTOS, ARDSNet Long-Term Outcomes Study; APACHE III, Acute Physiology and Chronic Health Evaluation III; BMI, body mass index; FiO2, fraction of inspired oxygen; ICU, intensive
care unit; PaO2, pO2 in arterial blood; SAILS, Statins for Acutely Injured Lungs from Sepsis.
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specification or power calculation conducted since the sample
size was known to be dependent on the available patients at the
participating sites during the eligible enrolment period.

Analyses were performed using SAS V.9.3 (SAS Institute, Cary,
North Carolina, USA) using data from all eligible consenting
survivors according to an a priori written statistical analysis
plan, with missing data excluded given a low rate of missingness
for the patient-reported primary outcomes. A two-sided p<0.05
was considered significant.

RESULTS
The sites participating in this follow-up study recruited 568
patients, of which 293 (52%) were randomised to rosuvastatin.
Of the 568 patient cohort, 154 (27%) died prior to discharge

from hospital or after discharge before reconsent for follow-up,
and 142 (25%) met exclusion criteria, leaving 272 patients con-
sented for follow-up (figure 1). These 272 patients had a mean
(SD) age of 51 (15) years, 53% women, 88% living at home
independently, 72% with PaO2/FiO2 ratio ≤200 and 39% with
shock. The baseline characteristics of the rosuvastatin versus
placebo groups were generally similar for this cohort and the
entire SAILS cohort (N=745), overall ALTOS cohort (N=568)
and the ALTOS subgroup enrolled for in-person physical assess-
ments (N=84) (table 1 and online supplementary table S1).

Patient outcomes at 6 and 12 months for all patients
Over 12-month follow-up, the cumulative mortality rate for all
568 ALTOS participants was 41%. At 6-month and 12-month

Table 2 Six-month and 12-month patient-reported and performance-based physical outcomes for all patients*

Patient-reported outcome domain—survey instrument† 6 months (n=233) 12 months (n=220) Difference‡ (95% CI) p Value‡

Quality of life—SF-36
Physical function (norm: 81 (10)) 49 (32) 52 (32) 4 (1 to 6) 0.005
Physical health summary (norm: 50 (10)) 37 (12) 39 (13) 2 (1 to 3) 0.003
Mental health (norm: 76 (3)) 64 (25) 65 (26) 0 (−3 to 2) 0.757
Mental health summary (norm: 50 (10)) 45 (15) 45 (15) 0 (−2 to 2) 0.923

Quality of life—EQ-5D
Utility score 0.68 (0.24) 0.69 (0.26) 0.01 (−0.02 to 0.03) 0.657
Visual analogue scale 67 (22) 71 (21) 4 (1 to 7) 0.004

Functional activities—Functional Performance Inventory-Short Form
Overall score 1.9 (0.7) 2.0 (0.7) 0.1 (0.0 to 0.2) 0.037

Physical exercise subscale 1.5 (0.9) 1.6 (0.9) 0.1 (0.0 to 0.2) 0.062
Maintaining house subscale 1.7 (0.9) 1.9 (0.9) 0.1 (0.0 to 0.2) 0.006
Body care subscale 2.5 (0.7) 2.5 (0.6) 0.1 (0.0 to 0.1) 0.152

Mental health symptoms
Anxiety score—HADS 7 (5) 7 (5) 0 (−1 to 0) 0.340

Anxiety ≥8, No (%) 100 (46) 84 (41) −6% (−18 to 6) 0.343
Depression score—HADS 6 (5) 6 (5) 0 (0 to 1) 0.523

Depression ≥8, No (%) 81 (37) 76 (37) 0% (−11 to 11) 0.981
Post-traumatic stress disorder score—IES-R 1.1 (0.9) 1.0 (1.0) 0.0 (−0.1 to 0.1) 0.418

Post-traumatic stress disorder ≥1.6, No (%) 55 (25) 52 (26) 1% (−8 to 9) 0.855
Employed, No (%)§ 42 (19) 50 (24) 3% (−1 to 7 ) 0.123

Performance-based physical outcomes† 6 months (n=67) 12 months (n=55) Difference (95% CI) p Value‡

6 min walk distance, % predicted 65 (24) 71 (23) 7 (3 to 11) 0.001
4 m gait speed (m/s) 0.9 (0.3) 1.0 (0.3) 0.1 (0.0 to 0.1) 0.004
Manual muscle test score 57 (4) 57 (4) 0 (0 to 1) 0.296
Hand grip strength, % predicted 83 (29) 91 (32) 8 (4 to 12) 0.001
Maximal inspiratory pressure, % predicted 85 (32) 98 (32) 12 (6 to 18) <0.001
FEV1 % predicted 77 (21) 80 (21) 1 (−1 to 4) 0.407
FVC % predicted 77 (20) 79 (19) 0 (−2 to 2) 0.991

BMI (kg/m2) 29 (8) 30 (10) 1 (0 to 1) 0.027
Arm fat area, % 35 (12) 36 (12) 1 (−1 to 2) 0.198
Arm muscle area, % 53 (10) 53 (10) −1 (−2 to 1) 0.366

*Mean values (SD) are presented unless otherwise indicated. Number of unknown or missing data for assessments performed at 6 and 12 months, respectively, are: SF-36 physical
function 11, 17; SF-36 physical health summary 12, 19; SF-36 mental health 12, 19; SF-36 mental health summary 12, 19; EQ-5D utility score 9, 14; EQ-5D visual analogue scale score
9, 14; FPI overall score 6, 16; FPI physical exercise subscale 6, 15; FPI maintaining house subscale 6, 15; FPI body care subscale 6, 15; anxiety score 16, 17; depression score 16, 17;
post-traumatic stress disorder score 17, 22 and employment status 8, 10; 6 min walk test 2, 2; 4 min walk speed 1, 1; manual muscle test score 0, 0; hand grip strength 0, 0; maximal
inspiratory pressure 1, 4; FEV1 2, 3; FVC 2, 3; BMI 11, 9; arm fat area 0, 1 and arm muscle area 0, 1.
†Details of test scoring: SF-36 physical function and mental health domains (range: 0–100; higher score is better); SF-36 physical and mental health summary normalised scores
(mean=50; SD=10; higher score is better); EQ-5D utility score (range: −0.11 to 1.0; higher score is better) and visual analogue scale score (range: 0–100; higher score is better);
FPI-Short Form overall score and subscale scores (for each, range: 0–3; higher score is better); HADS subscale scores for anxiety and depression (for each, range: 0–21; lower score is
better, with scores ≥8 indicating substantial symptoms); IES-R (range: 0–4; lower score is better, with scores ≥1.6 indicating substantial symptoms); manual muscle testing score
(range: 0–60; higher score is better, with scores <48 indicating ‘ICU-acquired weakness’).
‡Calculations from linear or logistic regression models with random intercept for subject and an indicator for time (12-month vs 6-month follow-up). ‘Difference’ represents the
estimated difference between 12 and 6 months in mean score for continuous measures or in proportion for binary measures.
§Employment at 6 and 12 months calculated for all patients regardless of reported baseline employment status.
BMI, body mass index; HADS, Hospital Anxiety and Depression Scale; ICU, intensive care unit; IES-R, Impact of Event Scale—Revised; Norm, mean population norm; SF-36, Medical
Outcomes Study Short Form 36 V.2.
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follow-up, respectively, 238 and 237 survivors were eligible for
follow-up, and 233 (98%) and 220 (93%) were assessed (figure 1).
At 6-month follow-up, patients had significantly lower SF-36 phys-
ical and mental health domain scores compared with age-matched
and sex-matched population norms (table 2). Functional activities,
measured by the FPI, had a mean (SD) overall score of 1.9 (0.7),
signifying ‘some difficulty’ with activities (table 2). At 6 months,
mental health symptoms were also common, with 46%, 37% and
25% of patients having substantial symptoms of anxiety, depression
and PTSD, respectively. Between 6-month and 12-month
follow-up, there was little evidence of clinically and statistically sig-
nificant improvements in these outcomes (table 2). In terms of
employment, 19% and 24% of survivors were working at 6 and
12 months; and of those employed prior to hospitalisation for
ARDS, 43% and 46% had returned to work at 6 and 12 months,
respectively.

In the subset of patients completing the performance-based
physical assessments (see table 2 and online supplementary
figure 1), the mean (SD) per cent predicted value for the 6 min
walk test, at 6 and 12 months, was 65% (24%) and 71% (23%),
respectively (p=0.001 for increase over time). ICU-acquired
weakness (manual muscle test score <48 out of 60) occurred in
three (4%) and one (2%) patient at 6 and 12 months, respect-
ively. Mean (SD) values for other physical assessments, evaluated
as per cent predicted values at 6 and 12 months, were: hand
grip strength (83% (29%) and 91% (32%), p=0.001 for
increase over time) and maximal inspiratory pressure (85%
(32%) and 98% (32%), p<0.001).

Rosuvastatin versus placebo
Over 12-month follow-up, there was no significant difference in
survival across the treatment groups, with an estimated propor-
tion of patients surviving to 12 months for rosuvastatin versus
placebo of 58% vs 61% (p=0.377; figure 2). At 6-month
follow-up, there also was no significant difference in mean (SD)

SF-36 physical function domain score for rosuvastatin versus
placebo (51 (32) vs 47 (32)), with an age-adjusted and sex-
adjusted mean difference (95% CI) of 0 ((−7 to 8); p=0.939).
Similarly, there was no difference in the mean (SD) SF-36
mental health domain score: 38 (12) vs 36 (12) (adjusted differ-
ence: −6 (−12 to 1), p=0.496), or in any other patient-reported
outcome (table 3 and figure 3).

For the performance-based physical assessments, at 6-month
follow-up, there was no significant difference in the primary
outcome of mean (SD) 6 min walk test per cent predicted value
for rosuvastatin versus placebo (65% (22%) vs 64% (25%)),
with a mean difference (95% CI) of 2% ((−9% to 14%;)
p=0.679). There also was no significant difference in the other
physical performance tests evaluated (table 3 and figure 3).

The preceding results for patient-reported outcomes and
physical assessments at 6 months were similar with 12-month
assessments and with all sensitivity analyses (as described in the
Methods section), including no significant effect of statins on
patient recovery between 6-month and 12-month follow-up.
Moreover, across the a priori subgroup analyses (as described in
the Methods section), there were no significant differences,
except as reported herein. First, at 6-month and 12-month
follow-up, in patients with BMI <30 kg/m2, rosuvastatin
patients had a greater odds of substantial symptoms of anxiety
(HADS anxiety score ≥8) compared with placebo, but no signifi-
cant difference in anxiety symptoms modelled as a continuous
outcome. Second, at 6-month and 12-month follow-up, in
patients with PaO2/FiO2 ≤200, the rosuvastatin group had a
greater odds of substantial symptoms of depression (HADS
depression score ≥8), but no significant difference in depression
symptoms modelled as a continuous outcome. Third, at
12-month follow-up (only), in patients with a greater difficulty
in performing activities at baseline (ie, lower FPI score prior to
ARDS), the rosuvastatin group had lower mean grip strength.
Fourth, at both 6 and 12 months, in patients with higher

Figure 2 Survival until 12 months
after randomisation. This
figure illustrates the proportion of
patients surviving in the study over
time for the 568 patients in the
ARDSNet Long-Term Outcomes Study
cohort, with those who were alive, but
excluded from follow-up, censored at
hospital discharge. One consenting
patient was censored at the 6-month
assessment due to loss to follow-up
thereafter. Patients who were known
to be alive, but missed their 12-month
follow-up assessment, were censored
at the expected date of their 12-month
assessment. The cumulative 1-year
survival rate for rosuvastatin versus
placebo was 58% vs 61% (p=0.377).
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number of comorbid conditions (ie, higher Functional
Comorbidity Index score prior to ARDS), the rosuvastatin
group had higher mean BMI and arm fat percentage than the
control group. Lastly, there was no benefit of rosuvastatin versus
placebo in the primary outcomes when comparing those in
highest quartile decrease of CRP versus those in the lowest quar-
tile. Post-hoc sensitivity analysis accounting for clustering by
study hospital demonstrated no qualitative change in results
from the primary analysis.

DISCUSSION
In this 12-month, prospective follow-up study of 568 patients
with sepsis-associated ARDS participating in the SAILS trial of

rosuvastatin versus placebo, cumulative mortality was 41%, with
the 272 survivors’ physical functioning and performance and
mental health status being below predicted values. Despite the
known associations of statin use with neuromuscular and mental
health side effects, in this randomised trial, randomisation to rosu-
vastatin did not affect survival, physical functioning and perform-
ance, or mental health outcomes at 6 and 12 months after ARDS.

Comparison with other studies
The physical and mental health impairments reported in this
study are similar to a prior national cohort of 563 ARDS survi-
vors from ARDSNet’s EDEN trial.18 19 These impairments also
were similar to prior smaller studies of ARDS survivors.10 38 39

Table 3 Six-month results by randomised treatment group*

Domain—survey instrument† Rosuvastatin (n=109) Placebo (n=124) Treatment effect‡ (95% CI) p Value‡

Quality of life—Short Form-36 (population norm)
Physical function (norm: 81 (10))§ 51 (32) 47 (32) 0 (−7 to 8) 0.939
Physical health summary (norm: 50 (10)) 38 (12) 36 (12) 1 (−2 to 4) 0.496
Mental health (norm: 76 (3))§ 62 (25) 66 (26) −6 (−12 to 1) 0.085
Mental health summary (norm: 50 (10)) 43 (15) 46 (15) −3 (−7 to 1) 0.093

Quality of life—EQ-5D
Utility score 0.69 (0.24) 0.67 (0.23) 0.02 (−0.05 to 0.08) 0.573
Visual analogue scale 68 (22) 65 (23) 4 (−2 to 9) 0.233

Functional activities—Functional Performance Inventory-Short Form
Overall score 1.9 (0.8) 1.9 (0.7) −0.1 (−0.3 to 0.1) 0.437
Physical exercise subscale 1.4 (0.9) 1.5 (0.8) −0.1 (−0.3 to 0.1) 0.394
Maintaining house subscale 1.7 (1.0) 1.7 (1.0) −0.1 (−0.3 to 0.2) 0.684
Body care subscale 2.4 (0.8) 2.5 (0.6) −0.1 (−0.3 to 0.0) 0.121

Mental health symptoms
Anxiety score—HADS 8 (5) 7 (5) 1 (−1 to 2) 0.373

Anxiety≥8, No (%) 48 (48) 52 (44) 1% (1 to 2) 0.588
Depression score—HADS 6 (5) 6 (5) 0 (−1 to 2) 0.744

Depression ≥8, No (%) 39 (39) 42 (36) 1% (1 to 2) 0.621
Post-traumatic stress disorder score—IES-R 1.1 (0.9) 1.0 (1.0) 0.1 (−0.2 to 0.3) 0.606

Post-traumatic stress disorder ≥1.6, no. (%) 27 (27) 28 (24) 1% (1 to 2) 0.744
Employed, no. (%)§ 20 (19) 22 (18) 1% (0 to 2) 0.940

Performance-based physical outcomes† Rosuvastatin (n=28) Placebo (n=39) Treatment effect‡ (95% CI) p Value‡

6 min walk distance, % predicted 65 (22) 64 (25) 2 (−9 to 14) 0.679
4 m gait speed (m/s) 0.9 (0.2) 1.0 (0.3) −0.1 (−0.2 to 0.1) 0.477
Manual muscle test score 57 (3) 56 (4) 1 (−1 to 3) 0.201
Hand grip strength, % predicted 83 (34) 83 (26) 1 (−14 to 15) 0.926
Maximal inspiratory pressure, % predicted 85 (31) 85 (34) −1 (−17 to 15) 0.889
FEV1 % predicted 78 (17) 76 (23) 3 (−7 to 13) 0.545
FVC % predicted 79 (18) 76 (21) 4 (−6 to 13) 0.433

BMI (kg/m2) 31 (8) 28 (7) 4 (−1 to 9) 0.084
Arm fat area, % 36 (14) 35 (11) 1 (−5 to 7) 0.713
Arm muscle area, % 54 (11) 53 (9) 1 (−3 to 6) 0.551

*Mean values (SD) are presented unless otherwise indicated. Number of unknown or missing data for assessments performed for rosuvastatin and control groups, respectively, are:
SF-36 physical function 7, 4; SF-36 physical health summary 8, 4; SF-36 mental health 8, 4; SF-36 mental health summary 8, 4; EQ-5D utility score 6, 3; EQ-5D visual analogue scale
score 6, 3; FPI overall score 3, 3; FPI physical exercise subscale 3, 3; FPI maintaining house subscale 3, 3; FPI body care subscale 3, 3; anxiety score 10, 6; depression score 10, 6;
post-traumatic stress disorder score 9, 8; employment status 3, 5; 6 min walk 0, 2; 4 m walk speed 0, 1; manual muscle test score 0, 0; hand grip strength 0, 0; maximal inspiratory
pressure 0, 1; FEV1 0, 2; FVC 0, 2; BMI 5, 6; arm fat area 0, 0; arm muscle area 0, 0.
†Details of test scoring: SF-36 physical function and mental health domains (range: 0–100; higher score is better); SF-36 physical and mental health summary normalised scores
(mean=50; SD=10; higher score is better); EQ-5D utility score (range: −0.11 to 1.0; higher score is better) and visual analogue scale score (range: 0–100; higher score is better);
FPI-Short Form overall score and subscale scores (for each, range: 0–3; higher score is better); HADS subscale scores for anxiety and depression (for each, range: 0–21; lower score is
better, with scores ≥8 indicating substantial symptoms); IES-R (range: 0–4; lower score is better, with scores ≥1.6 indicating substantial symptoms); manual muscle testing score
(range: 0–60; higher score is better, with scores <48 indicating ‘ICU-acquired weakness’).
‡Calculated from linear or logistic regression models with random intercept and an indicator for treatment (rosuvastatin vs placebo), time (12 vs 6 months follow-up) and the interaction
of treatment group and time. The treatment effect represents the mean difference in score for continuous measures and the odds ratio for binary measures.
§Adjusted for age and sex within the linear regression model described above.
BMI, body mass index; FPI, Functional Performance Inventory; HADS, Hospital Anxiety and Depression Scale; ICU, intensive care unit; IES-R, Impact of Event Scale—Revised; Norm,
mean population norm; SF-36, Medical Outcomes Study Short Form 36 V.2.
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Within this study, patient-reported physical outcomes may
appear discordant with performance-based outcomes, consistent
with previous studies demonstrating a lack of strong correlation
between patient-reported physical function and performance-
based measures.40 Therefore, there is need for continued investi-
gation into interventions that may reduce post-ICU physical and
mental health impairments experienced by the growing number
of ICU survivors,41 and to consider use of both patient-reported
and performance-based outcome measures.

This study found no negative or positive effects of rosuvastatin
on physical function and performance or mental health outcomes
at 6-month and 12-month follow-up. There are several possible
explanations. First, these findings may be attributable to the rela-
tively short duration of rosuvastatin exposure (median of 9 days)
in SAILS.1 Second, rosuvastatin may have had shorter-term
effects that did not persist until the initial 6-month follow-up
assessment in this study, given that statin-associated myopathy,
behavioural problems and mood disorders may resolve within
weeks to months after medication cessation.9 Lastly, rosuvasta-
tin’s hydrophilic structure may impede crossing the blood–brain
barrier, potentially decreasing any adverse effects observed for
other more lipophilic statins. For example, the majority of
statin-associated behavioural and mood disorders have been
reported with the lipophilic statins, simvastatin and atorvastatin.9

The lack of negative effects of rosuvastatin, a hydrophilic
statin, at 6 and 12 months in this study have clinical implica-
tions. For example, coupled with lack of short-term harm in a
trial of simvastatin, a lipophilic statin in patients with ARDS,42

this study helps provide further reassurance of the safety of con-
tinuing pre-existing statin therapy during ICU. This finding is
important given that stopping statins may be associated with
rebound in inflammatory markers and loss of cardiovascular-
related protective effects.43 44

Strengths and limitations
This study has several strengths, including being the first
large-scale, randomised trial of statins in critical illness to assess

survival beyond 90 days, as well as to comprehensively assess
key functional outcomes, such as physical and mental health
status. However, there are potential limitations. First, the results
may not be generalisable to all patients with ARDS since the
SAILS trial enrolled a relatively young cohort of patients with
sepsis-associated ARDS with less severe comorbidity due to
enrolment screening. Second, outcomes may not be generalis-
able to the entire SAILS cohort since outcomes were measured
only in a subset of patients, partly due to the competing risk of
death.45 However, the available cohort for follow-up has similar
baseline characteristics as the full cohort, with similar follow-up
exclusion rates and mortality rates between treatment groups.
Also, sensitivity analyses specifically addressing the competing
risk of mortality did not result in any material change in the
results. Third, this study could not prospectively measure
patients’ baseline status in order to understand new impairments
arising after critical illness. However, baseline characteristics
were similar between groups after randomisation with 88% of
patients independently living at home, with evidence of new or
worsening impairments after ARDS supported by 57% of previ-
ously employed patients not working at 6 months, 25% of parti-
cipants reporting substantial PTSD symptoms specifically
attributable to their ICU stay and a threefold increase in the pro-
portion of participants reporting at least ‘much’ difficulty with
basic functional activities for the patient subset that completed
physical performance assessments. Moreover, prior studies, with
prospective baseline assessments, have clearly demonstrated the
incidence of new impairments across physical and mental health
after critical illness.46 47 Fourth, there were missed assessments
during longitudinal follow-up that may introduce bias.
However, rates of missed follow-up assessments were similar
between the randomised groups, and were very low (≤3%) for
the patient-reported outcomes at the 6-month primary outcome
time-point. Moreover, there was little evidence to support a dif-
ference between rosuvastatin versus placebo in the primary
outcome measures evaluating both patient-reported physical
function (p=0.939) and performance-based physical assessment

Figure 3 Forest plot—
patient-reported and
performance-based physical outcomes.
This figure illustrates the treatment
effect for rosuvastatin versus placebo,
presented as an effect size, with 95%
CI, for the primary outcome
(age-adjusted and sex-adjusted SF-36
physical function and mental health
domains and 6 min walk test per cent
predicted) and all secondary outcomes.
Effect size was calculated as the
treatment effect (table 3, difference in
means or proportions) divided by the
pooled SD from the rosuvastatin and
placebo groups.49 50 HADS, Hospital
Anxiety and Depression Scale; IES-R,
Impact of Event Scale—Revised.
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(0.679), suggesting that missing data would not materially
change the conclusions made from this study. Finally, because
the first outcome assessment occurred at 6 months after ARDS,
we cannot rule out an undetected short-term effect of rosuvasta-
tin on patients’ physical or mental health outcomes. However,
the focus of this study was specifically to evaluate for effects
lasting beyond the short-term, as recommended by many profes-
sional and scientific organisations.41 48

CONCLUSION
This prospective 12-month evaluation of 568 patients with
sepsis-associated ARDS participating in the SAILS trial of rosu-
vastatin versus placebo demonstrated high cumulative mortality,
with the 272 survivors commonly experiencing important
impairments in physical functioning and performance and
mental health status. Despite known side effects of statins on
neuromuscular function and mental health, there was no evi-
dence of harm or benefit of randomisation to rosuvastatin on
survival, physical functioning and performance or mental health
over 1-year follow-up.
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