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Background

In the acute respiratory distress syndrome (ARDS), inflammation in the lungs 

and other organs can cause life-threatening organ failure. Inhibitors of 3-hydroxy-

3-methylglutaryl coenzyme A reductase (statins) can modulate inflammatory responses. 

Previous observational studies suggested that statins improved clinical outcomes in 

patients with sepsis. We hypothesized that rosuvastatin therapy would improve 

clinical outcomes in critically ill patients with sepsis-associated ARDS.

Methods

We conducted a multicenter trial in which patients with sepsis-associated ARDS 

were randomly assigned to receive either enteral rosuvastatin or placebo in a double-

blind manner. The primary outcome was mortality before hospital discharge home 

or until study day 60 if the patient was still in a health care facility. Secondary 

outcomes included the number of ventilator-free days (days that patients were alive 

and breathing spontaneously) to day 28 and organ-failure–free days to day 14.

Results

The study was stopped because of futility after 745 of an estimated 1000 patients had 

been enrolled. There was no significant difference between study groups in 60-day 

in-hospital mortality (28.5% with rosuvastatin and 24.9% with placebo, P = 0.21) or 

in mean (±SD) ventilator-free days (15.1±10.8 with rosuvastatin and 15.1±11.0 with 

placebo, P = 0.96). The groups were well matched with respect to demographic and 

key physiological variables. Rosuvastatin therapy, as compared with placebo, was asso-

ciated with fewer days free of renal failure to day 14 (10.1±5.3 vs. 11.0±4.7, P = 0.01) and 

fewer days free of hepatic failure to day 14 (10.8±5.0 vs. 11.8±4.3, P = 0.003). Rosuva-

statin was not associated with an increased incidence of serum creatine kinase levels 

that were more than 10 times the upper limit of the normal range.

Conclusions

Rosuvastatin therapy did not improve clinical outcomes in patients with sepsis -

associated ARDS and may have contributed to hepatic and renal organ dysfunc-

tion. (Funded by the National Heart, Lung, and Blood Institute and the Investi-

gator-Sponsored Study Program of AstraZeneca; ClinicalTrials.gov number, 

NCT00979121.)
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D
espite progress in supportive care 

strategies for the acute respiratory distress 

syndrome (ARDS), mortality remains high, 

especially among patients with sepsis.1 Inflam-

mation leading to cellular damage and cellular 

death contributes to both pulmonary and non-

pulmonary organ failure. Therapies that attenuate 

inflammation may improve outcomes in patients 

with ARDS.2 Inhibitors of 3-hydroxy-3-methyl-

glutaryl coenzyme A reductase, known collectively 

as statins, are commonly prescribed for hyper-

cholesterolemia. However, statins also reduce in-

flammation and have been shown to prevent 

ARDS in murine models.3-13 Several (but not all) 

large observational studies, a small randomized, 

controlled trial, and meta-analyses before study 

initiation have suggested that patients with sep-

sis or other life-threatening inflammatory condi-

tions who receive statins have improved clinical 

outcomes or intermediate outcomes (e.g., oxygen-

ation and lung compliance).14-24 We designed a trial 

to test the hypothesis that rosuvastatin therapy 

would improve the clinical outcomes of critically 

ill patients with sepsis-associated ARDS.

Me thods

Study Design and Oversight

This clinical trial was approved by the insti-

tutional review board at each of the 44 enroll-

ing hospitals in the National Heart, Lung, and 

Blood Institute ARDS Clinical Trials Network 

(see the Supplementary Appendix, available with 

the full text of this article at NEJM.org). Partici-

pants or legally authorized surrogates provided 

written informed consent. (The study protocol 

and statistical analysis plan are available at 

NEJM.org.)

The study was conceived in 2004 and revised 

in 2009 by the ARDS Clinical Trials Network 

steering committee. The protocol committee 

wrote the first draft of the manuscript. The co-

ordinating center performed all the analyses. 

All the authors had full and independent access 

to all the data and vouch for the integrity, accu-

racy, and completeness of the data and analysis 

and the fidelity of the study to the protocol. 

AstraZeneca supplied the study drugs and the 

resources to measure blood levels of rosuva-

statin. AstraZeneca had no role in the study de-

sign, study conduct, data analysis, or data inter-

pretation. AstraZeneca reviewed the manuscript 

before submission for publication and offered 

nonbinding suggestions related to the correction 

of typographic errors.

Study Patients

Patients were eligible for enrollment if they were 

receiving positive-pressure mechanical ventilation 

through an endotracheal tube, had a ratio of the 

partial pressure of arterial oxygen (PaO
2
) to the 

fraction of inspired oxygen (FIO
2
) of 300 or less, 

and had bilateral infiltrates on chest radiography 

that were consistent with pulmonary edema, with-

out evidence of left atrial hypertension.25 These 

criteria had been met during a single 24-hour pe-

riod. Additional inclusion criteria were a known 

or suspected infection and either of the following 

criteria for a systemic inflammatory response: 

a white-cell count of more than 12,000 per cubic 

millimeter or less than 4000 per cubic millimeter 

or a differential count with more than 10% band 

forms, or a core body temperature of more than 

38°C or less than 36°C.26

Reasons for exclusion are listed in the Supple-

mentary Appendix. Major exclusion criteria were 

the presence of ARDS for more than 48 hours; 

chronic conditions that could adversely affect 

survival, impair weaning from the ventilator, or 

compromise adherence to the protocol; serum 

levels of creatine kinase, aspartate aminotrans-

ferase, or alanine aminotransferase of more than 

five times the upper limit of the normal range; in-

gestion of a statin (on an inpatient or out patient 

basis) in the 48 hours before randomization; and 

an inability to obtain consent.

Randomization and Study Drugs

Patients were randomly assigned in permuted 

blocks of eight to receive either enteral rosuva-

statin or placebo. A 40-mg loading dose of the 

study drug was administered within 4 hours 

 after randomization. Subsequently, maintenance 

doses of 20 mg were administered daily at 10 a.m. 

(±4 hours). If administration of the study-drug 

dose was delayed by more than 12 hours, that 

dose was not given and a 40-mg loading dose 

was given the following day. For patients with a 

morning serum creatinine level of 2.8 mg per 

deciliter (250 µmol per liter) or more who were 

not receiving renal-replacement therapy, the daily 

maintenance dose was reduced to 10 mg. The 
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study drug was administered until the third day 

after discharge from the intensive care unit (ICU), 

study day 28, hospital discharge, or death, which-

ever came first. The study drug was stopped for 

reasons of safety if the creatine kinase level ex-

ceeded 10 times the upper limit of the normal 

range or if the level of alanine aminotransferase 

or aspartate aminotransferase exceeded 8 times 

the upper limit of the normal range, because 

liver and muscle injury are reported risks of 

statins.

Study Measurements and Procedures

Plasma samples for measurement of peak and 

trough rosuvastatin levels were collected on day 6 

(±2 days) from the first 60 enrolled patients and, 

in response to a request from the data and safety 

monitoring board, from an additional 344 enrolled 

patients. Serum levels of alanine aminotransferase, 

aspartate aminotransferase, and creatine kinase 

were measured on specified study days, as described 

in the protocol.

Ventilator management and weaning followed 

a modified ARDS Clinical Trials Network lower-

tidal-volume protocol.27 Fluid management fol-

lowed a simplified version of the ARDS Network 

conservative approach.28 The study was amended 

after 225 patients were enrolled to permit enroll-

ment of patients without a central venous catheter, 

and the fluid-management approach was modified 

to recommend neutral or negative fluid balance 

after resolution of shock (see the protocol).

Outcomes

The primary outcome was mortality before hos-

pital discharge home or until study day 60 if the 

patient was still in a health care facility. Secondary 

outcomes included the number of days that pa-

tients were alive and breathing without ventilator 

assistance (ventilator-free days) to day 28, organ-

failure–free days to day 14, and ICU-free days to 

day 28.29,30 We examined changes in the PaO
2
:FIO

2
 

ratio and the oxygenation index during the first 

7 days. Additional secondary outcomes are listed 

in the protocol.

In an a priori analysis, we examined outcomes 

in patients who were in shock at baseline. In a 

post hoc analysis, we examined outcomes in pa-

tients who had been prescribed statins before the 

development of ARDS but had not received a 

statin for at least 48 hours before randomiza-

tion. This subgroup analysis was added before 

the completion of enrollment, on the basis of a 

randomized trial showing that continued statin 

therapy may be beneficial.31

Statistical Analysis

In-hospital mortality to day 60 was estimated with 

the use of the Kaplan–Meier statistic, with pa-

tients who were discharged home before day 60 

considered to be alive at day 60. Study patients 

who were still in a health care facility on day 61 

were considered to be alive for this analysis. One 

patient was lost to follow-up on day 24, and data 

for this patient were censored on that day. For 

81 patients who were also enrolled in a random-

ized clinical trial of two nutritional strategies,32 

the analysis was stratified according to the study-

group assignments in that trial. Ventilator-free 

days, ICU-free days, and organ-failure–free days 

were analyzed by means of analysis of variance, 

with the use of treatment assignment and co-

enrollment assignment when applicable. A maxi-

mum of 1000 patients were to be enrolled; this 

maximum would provide a 92% probability of 

rejection of the null hypothesis for the effect on 

mortality if the true between-group difference in 

mortality was 9 percentage points (a reduction 

from 27% to 18%). The probability of rejecting 

the null hypothesis for the effect on ventilator-

free days was 92%, with the assumption of a dif-

ference of 2.25 days and a standard deviation of 

10.5 days.

The data and safety monitoring board con-

ducted an interim analysis after enrollment of 

the initial 105 patients and then after approxi-

mately every 250 patients enrolled. Sequential stop-

ping rules for futility and efficacy, as well as addi-

tional details of the study methods, are described 

in the study protocol. Only the site pharmacist, 

pharmacokinetic assay laboratory, coleaders of 

the coordinating center, and data and safety 

monitoring board were aware of the study-group 

assignments.

R esult s

Baseline Characteristics of the Patients

The first patient was enrolled on March 18, 2010, 

and the data and safety monitoring board stopped 

the study because of futility on September 30, 2013, 

after enrollment of 745 patients (Fig. 1, and Table S1 
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in the Supplementary Appendix). Follow-up was 

complete for all but 1 patient. Baseline demo-

graphic and clinical characteristics are shown in 

Table 1 (for more details, see Table S2 in the Sup-

plementary Appendix). There were no significant 

differences between groups at baseline except 

for small differences in tidal volume and central 

venous pressure. Approximately 87% of patients 

underwent randomization within 48 hours after 

intubation, and all but 7 patients underwent 

randomization within 48 hours after meeting 

ARDS criteria.

Pharmacokinetic Findings

Patients received the study drug for a median of 

9 days in the rosuvastatin group (interquartile 

range, 6 to 13) and 9 days in the placebo group 

(interquartile range, 6 to 14; P = 0.42). More pa-

tients in the rosuvastatin group than in the pla-

cebo group had dose reductions on some study 

days (Tables S3 and S4 in the Supplementary 

Appendix). Median peak and trough rosuva statin 

levels were 7.3 ng per milliliter (interquartile 

range, 4.4 to 13.1; 171 patients) and 2.4 ng per 

milliliter (interquartile range, 1.0 to 4.5; 187 pa-

745 Underwent randomization

7491 Patients were assessed for eligibility

6746 Were excluded
974 Had CK, ALT, or AST level >5× ULN
922 Received statin in previous 48 hr
826 Were unable to provide consent
671 Were outside time window for acute 

lung injury 
581 Were moribund
575 Had severe chronic liver disease
489 Were outside time window for

mechanical ventilation
339 Were not committed to continuing

ICU procedures
326 Were unable to absorb study drug
283 Had physician insist on statin use
258 Declined to provide consent
210 Had interstitial lung disease
155 Did not have central venous access
152 Were withdrawn by physician
136 Had chronic respiratory failure
711 Had other reason

379 Were assigned to receive rosuvastatin
366 Received rosuvastatin

366 Were assigned to receive placebo
361 Received placebo

1 Was lost to follow-up
(day 24)

379 Were included in primary analysis 366 Were included in primary analysis

Figure 1. Screening, Randomization, and Follow-up.

There may have been more than one reason for exclusion of a patient. The full exclusion criteria are listed in the study 
protocol, available at NEJM.org. One patient underwent randomization and was enrolled in the trial twice (once in 
each group). ALT denotes alanine aminotransferase, AST aspartate aminotransferase, CK creatine kinase, ICU inten-
sive care unit, and ULN upper limit of the normal range.
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Table 1. Baseline Characteristics of All Patients and Those Who Had Used Statins Previously.*

Characteristic All Patients
Patients Who Had Used

Statins Previously

Rosuvastatin 
(N = 379)

Placebo 
(N = 366)

Rosuvastatin 
(N = 54)

Placebo 
(N = 55)

Age — yr 54.2±17.1 54.1±15.6 64.3±14.6 62.7±12.5

Female sex — no. (%) 195 (51) 185 (51) 25 (46) 27 (49)

White race — no./total no. (%)† 301/365 (82) 289/356 (81) 49/53 (92) 45/53 (85)

Hispanic or Latino ethnic group — no. (%)† 46 (12) 40 (11) 4 (7) 6 (11)

Medical ICU admission — no. (%) 330 (87) 317 (87) 51 (94) 52 (95)

Primary cause of lung injury — no./total no. (%)

Pneumonia 267/377 (71) 260/365 (71) 38/53 (72) 37/55 (67)

Nonpulmonary infection 72/377 (19) 73/365 (20) 9/53 (17) 13/55 (24)

Aspiration 26/377 (7) 23/365 (6) 4/53 (8) 3/55 (5)

Other 7/377 (2) 4/365 (1) 2/53 (4) 2/55 (4)

Multiple transfusions 3/377 (1) 1/365 (0) 0/53 0/55

Trauma 2/377 (1) 4/365 (1) 0/53 0/55

Weight — kg 88.4±29.9 86.7±30.8 93.2±23.9 91.6±29.6

APACHE III score‡ 92.1±28.4 94.8±27.9 94.6±24.2 94.4±25.8

Shock at baseline — no. (%)§ 173 (46) 166 (45) 29 (54) 28 (51)

Prerandomization fluid balance — ml/24 hr 2128±2635 2227±3136 1513±2286 2144±3418

Arterial pressure — mm Hg 76.5±13.5 77.0±13.9 77.1±16.1 77.5±12.7

Central venous pressure — mm Hg 12.3±4.9 11.2±4.8¶ 12.0±5.2 12.1±5.0

Tidal volume — ml/kg of predicted body weight 6.6±1.1 6.8±1.3‖ 7.0±1.6 6.7±1.3

Minute ventilation — liters/min 10.7±3.1 10.8±3.2 10.7±3.6 11.0±3.4

Inspiratory plateau pressure — cm of water 23.4±6.6 23.6±6.6 21.2±5.1 22.6±5.6

PEEP — cm of water 9.2±3.7 9.2±3.9 8.3±2.9 8.4±3.8

PaCO2 — mm Hg 39.9±9.9 40.7±11.7 41.0±12.2 41.6±13.5

PaO2:FIO2 — mm Hg 170±71 170±67 179±63 178±78

PaO2:FIO2 ≤200 mm Hg — no./total no. (%) 267/371 (72) 253/361 (70) 32/52 (62) 33/55 (60)

Creatinine — mg/dl** 1.6±1.3 1.5±1.1 1.9±1.5 1.8±1.3

Creatine kinase — U/liter 224±417 214±396 207±288 196±224

Alanine aminotransferase — U/liter 37±37 36±34 35±26 38±35

Aspartate aminotransferase — U/liter 54±69 50±44 49±45 44±28

* Plus–minus values are means ±SD. Because of rounding, percentages may not total 100. There were no significant 
differences between groups except as noted. Fio2 denotes fraction of inspired oxygen, ICU intensive care unit, PaCO2 
partial pressure of arterial carbon dioxide, Pao2 partial pressure of arterial oxygen, and PEEP positive end-expiratory 
pressure.

† Race and ethnic group were assigned by the study coordinators on the basis of hospital records or information from 
the next of kin.

‡ Scores on the Acute Physiology and Chronic Health Evaluation (APACHE) III range from 0 to 299, with higher scores 
indicating more severe illness.

§ Shock was defined by a mean arterial pressure of less than 60 mm Hg or the use for vasopressors, as described  
by the National Heart, Lung, and Blood Institute Acute Respiratory Distress Syndrome (ARDS) Clinical Trials Network.27

¶ P = 0.02.
‖ P = 0.04.
** To convert the values for creatinine to micromoles per liter, multiply by 88.4.
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tients), respectively. The median half-life was 

calculated as 13.4 hours (interquartile range, 

9.6 to 20.0). For details, see Table S5 in the Sup-

plementary Appendix.

Outcomes

Mortality and the number of ventilator-free days 

did not differ significantly between the two groups 

(Table 2 and Fig. 2). The rosuvastatin group had 

fewer days free of hepatic or renal failure. There 

were no significant between-group differences in 

any of the other secondary outcomes (Table S6 in 

the Supplementary Appendix). During the study 

period, mean tidal volume, positive end-expiratory 

pressure, fluid balance, PaO
2
:FIO

2
 ratio, and oxygen-

ation index did not differ significantly between the 

groups, nor were there any significant between-

group differences in plateau pressure, static com-

pliance of the respiratory system, minute ventila-

tion, PaCO
2
, or arterial pH (Tables S7 through S16 

in the Supplementary Appendix).

Statin use in patients with sepsis has been 

associated with reduced C-reactive protein (CRP) 

levels.33 There were no significant differences 

between the rosuvastatin and placebo groups in 

the CRP level at baseline or during the study or 

(except on day 9) in the change in the CRP level 

from baseline (Tables S17 and S18 in the Supple-

mentary Appendix). There was a significant but 

weak positive correlation between the CRP level 

and both the peak rosuvastatin level (r = 0.29, 

P<0.001) and the trough rosuvastatin level (r = 0.27, 

P<0.001) (Fig. S1 and S2 in the Supplementary 

Appendix).

Patients in Shock at Baseline

A total of 339 patients were in shock at baseline. 

There were no significant differences between 

the rosuvastatin and placebo groups in mortality 

(36% and 32%, respectively; 95% confidence inter-

val [CI] for the difference, −4.0 to 14.0 percent-

age points; P = 0.39) or the number of ventilator-

free days (12.2±10.8 and 13.2±11.2, respectively). 

There were no significant differences in mortal-

ity or the number of ventilator-free days accord-

ing to the PaO
2
:FIO

2
 ratio and the presence or ab-

sence of shock at baseline (Table S19 in the 

Supplementary Appendix).

Table 2. Main Outcome Variables.*

Variable
Rosuvastatin 

(N = 379)
Placebo 
(N = 366)

 Difference 
(95% CI) P Value

Death in health care facility to day 60  
— no. (%)†

108 (28.5) 91 (24.9) 4.0 (−2.3 to 10.2)‡ 0.21

Ventilator-free days to day 28 — no.§ 15.1±10.8 15.1±11.0 0.0 (−1.6 to 1.5) 0.96

ICU-free days to day 28 — no. 14.3±10.1 14.4±10.3 −0.2 (−1.6 to 1.3) 0.84

Organ-failure–free days to day 14 — no.¶

Free of cardiovascular failure 8.5±4.8 8.7±4.9 −0.2 (−0.9 to 0.5) 0.59

Free of coagulation abnormality 10.7±5.1 11.1±4.8 −0.3 (−1.1 to 0.4) 0.34

Free of hepatic failure 10.8±5.0 11.8±4.3 −1.0 (−1.7 to −0.4) 0.003

Free of renal failure 10.1±5.3 11.0±4.7 −0.9 (−1.7 to −0.2) 0.01

* Plus–minus values are means ±SD. CI denotes confidence interval.
† This outcome includes all deaths after randomization in any heath care facility before the patient was discharged home 

until study day 60. Study participants who were still in a health care facility at study day 61 were considered to be alive
for this outcome.

‡ The difference, expressed as number of percentage points, accounts for the coenrollment of some patients in a nutri-
tional study.

§ Ventilator-free days are defined in the study protocol. Patients who died before day 28 were assigned zero ventilator-
free days.

¶ Cardiovascular failure was defined as a systolic blood pressure of 90 mm Hg or less or the need for a vasopressor. A 
coagulation abnormality was defined by a platelet count of 80,000 per cubic millimeter or less. Hepatic failure was de-
fined by a serum bilirubin level of at least 2.0 mg per deciliter (34 μmol per liter). Renal failure was defined by a serum
creatinine level of at least 2.0 mg per deciliter (180 μmol per liter).29,30 We calculated the number of days without organ
or system failure by subtracting the number of days with organ failure from the lesser of 14 days or the number of days
to death. Organs and systems were considered failure-free after patients were discharged from the hospital.
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Patients Who Had Used Statins Previously

The baseline characteristics of the 109 patients 

who used statins before enrollment are shown in 

Table 1 (for details, see Table S2 in the Supple-

mentary Appendix). There were no significant 

differences in baseline characteristics between 

those assigned to rosuvastatin and those as-

signed to placebo. Rosuvastatin therapy had no 

effect on mortality. There were 17 deaths among 

54 prior statin users who received rosuvastatin 

(31%) and 11 deaths among 55 prior statin users 

who received placebo (20%) (95% CI for the dif-

ference, −4.8 to 27.8 percentage points; P = 0.14). 

The interaction between previous use of statins 

and randomization to rosuvastatin or placebo 

was not significant (P = 0.28). Similarly, there 

was no significant difference in the number of 

ventilator-free days with rosuvastatin as com-

pared with placebo (14.7±11.0 days and 15.3±11.1 

days, P = 0.80). The interaction between previous 

use of statins and randomized assignment to ro-

suvastatin or placebo was not significant (P = 0.78).

Adverse Events

There were no significant differences between 

the rosuvastatin and placebo groups in the num-

ber of patients with creatine kinase levels exceed-

ing 10 times the upper limit of the normal range 

(16 and 13 patients, respectively; P = 0.65) or in 

the number of patients with alanine aminotrans-

ferase levels exceeding 8 times the upper limit of 

the normal range (10 and 12 patients, respectively; 

P = 0.39). After 508 patients had been enrolled, 

monitoring of aspartate aminotransferase levels 

was added to the study protocol at the recom-

mendation of the data and safety monitoring 

board because of 5 reported elevations in the ro-

suvastatin group. Among the final 237 patients 

enrolled, 11 additional adverse events of elevated 

aspartate aminotransferase levels were reported 

in the rosuvastatin group versus 2 events in the 

placebo group, bringing the total number of such 

events to 16 and 2 in the two groups, respec-

tively (P<0.001). Of the 16 patients in the rosuva-

statin group with elevated aspartate aminotrans-

ferase levels, 5 had creatine kinase levels 

exceeding 10 times the upper limit of the normal 

range, and 2 had alanine aminotransferase levels 

exceeding 8 times the upper limit of the normal 

range. Changes from baseline in the levels of cre-

atine kinase, alanine aminotransferase, and as-

partate aminotransferase were significantly less, 

on some study days, in the rosuvastatin group 

than in the placebo group, although the differ-

ences were small (Tables S20, S21, and S22 in the 

Supplementary Appendix). Three serious adverse 

events of hyperthermia occurred in the rosuva-

statin group, leading to a protocol amendment.

Discussion

In this large, multicenter, double-blind, random-

ized, placebo-controlled clinical trial involving 

patients with sepsis-associated ARDS, the ad-

ministration of rosuvastatin did not reduce mor-

tality or improve any of our prespecified second-

ary outcomes. Moreover, rosuvastatin had no 

beneficial effect on physiological or biochemical 

end points.

Rosuvastatin, as compared with placebo, was 

associated with fewer days free of renal or he-

patic failure. These differences in organ-failure–

free days were small, and their significance may 

be spurious owing to the number of secondary 

end points analyzed. However, we cannot rule 

out a detrimental effect of rosuvastatin. Aspar-

tate aminotransferase levels were higher in the 

rosuvastatin group, and adverse events of elevated 
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Figure 2. Probability of Survival and of Being Discharged Home during the 

First 90 Days after Randomization.

Data for the one patient in the rosuvastatin group who was lost to follow-
up at day 24 were censored on that day.
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aspartate aminotransferase levels were more fre-

quently reported in this group. Some patients 

with elevated aspartate aminotransferase levels 

had concomitant elevations in creatine kinase 

and alanine aminotransferase levels, findings that 

suggest that the source of aspartate aminotrans-

ferase was skeletal muscle or liver, respectively. 

There were no significant between-group differ-

ences in the number of patients with levels of 

alanine aminotransferase or creatine kinase above 

protocol-specified thresholds. Moreover, although 

levels of creatine kinase and alanine amino-

transferase during the study period were signifi-

cantly higher in the rosuvastatin group than in 

the placebo group, the differences between the 

groups were small and the clinical significance 

of these biochemical alterations is unclear. Ad-

ditional studies, including long-term assess-

ment of muscle function, are needed to deter-

mine whether these changes are clinically 

important.

The median peak plasma level of rosuva-

statin, 7.3 ng per milliliter, was lower than our 

target range of 10 to 70 ng per milliliter, despite 

our selection of a moderate daily dose (20 mg 

[range approved by the Food and Drug Admin-

istration, 5 to 40]). Our target range was based 

on studies involving healthy persons.34,35 On 

the basis of potencies for the reduction of low-

density lipoprotein cholesterol levels,36 statin 

doses used in other observational and interven-

tional trials involving patients with sepsis or 

ARDS17,21,22,31,37-39 were lower than our mainte-

nance dose. However, we do not know whether 

antiinflammatory effects correlate with relative 

potencies for lipid reduction.

The plasma levels of statins that are required to 

induce antiinflammatory effects are not known, 

and the lower-than-expected plasma levels of 

rosuvastatin in our study might have accounted 

for the lack of efficacy. However, given the signs 

of potential toxicity that we observed (e.g., ele-

vated levels of aspartate aminotransferase and a 

decreased number of days free of hepatic or re-

nal failure), it is unclear whether the use of 

higher doses would have been appropriate.

We selected rosuvastatin because it has po-

tentially fewer drug interactions than other 

statins do.40 It is not known whether the more 

lipophilic statins with greater tissue penetration, 

such as atorvastatin and simvastatin, would 

have been effective. It is also not known whether 

all classes of statins have similar immuno-

modulatory effects. Finally, atorvastatin and 

simvastatin may have greater antibacterial ef-

fects than rosuvastatin.41

Observational studies have shown signifi-

cantly reduced morbidity and mortality among 

patients with infection who were prescribed 

statins before hospitalization. In addition, sev-

eral meta-analyses of these observational stud-

ies have suggested that mortality is reduced 

when statins are used in patients with infec-

tion, including those with pneumonia.23,24,42-44 

Our results challenge these observations and 

are consistent with a recent meta-analysis of 

five randomized, controlled trials of statins in 

650 patients with sepsis, which showed that 

neither atorvastatin nor simvastatin provided a 

benefit with respect to mortality.39 Similarly, in 

a recent randomized, controlled trial involving 

patients with ventilator-associated pneumonia, 

simvastatin did not reduce mortality or improve 

secondary outcomes.38 In a randomized, placebo-

controlled trial involving 60 patients with ARDS, 

a high dose of simvastatin (80 mg) reduced non-

pulmonary organ dysfunction at day 14, as com-

pared with placebo,37 but there was no effect on 

mortality.

The finding in observational studies that 

previous statin use provides a benefit may re-

f lect better access to health care among pa-

tients who use statins than among those who 

do not, with a shorter time to the initiation of 

antibiotic therapy at the onset of symptoms of 

infection in statin users. Delayed antibiotic 

therapy has been shown to correlate with in-

creased mortality from septic shock.45,46 An-

other possible explanation is that statins have 

preventive effects when administered before 

infection that cannot be replicated with short-

term administration of the drugs.

In our post hoc analysis of patients who had 

been prescribed statins before hospitalization 

and enrollment, randomized assignment to ro-

su vastatin, as compared with placebo, was not 

associated with improved outcomes. This find-

ing contrasts with the results of a study involving 

patients with sepsis in which continued use of 

atorvastatin improved outcomes among those 

who had used statins previously.31 Our study 

differs both in the choice of statin and in our 
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requirement for a 48-hour washout period for 

statins in order for patients to be eligible for 

enrollment. Our results suggest that reintro-

duction of statins after this interval is not ben-

eficial.

In conclusion, our study showed that rosu va-

statin therapy did not reduce in-hospital mor-

tality or improve other important clinical out-

comes in patients with sepsis-associated ARDS 

and that it may have had detrimental effects on 

kidney and hepatic function. These results, 

coupled with those of smaller randomized tri-

als of other statins,39 do not provide support 

for initiating or continuing statin therapy for 

the treatment of sepsis-associated ARDS.
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