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Abstract

Objective—Since statins have pleiotropic effects on inflammation and coagulation that may
interrupt delirium pathogenesis, we tested the hypotheses that statin exposure is associated with
reduced delirium during critical illness whereas discontinuation of statin therapy is associated with
increased delirium.

Design—Multicenter, prospective cohort study.

Setting—Medical and surgical intensive care units (ICUs) in two large tertiary care hospitals in
the United States.

Patients—Patients with acute respiratory failure or shock.

Measurements and Main Results—We measured statin exposure prior to hospitalization and
daily during the ICU stay, and we assessed patients for delirium twice daily using the Confusion
Assessment Method for the ICU. Of 763 patients included, whose median [interquartile range] age
was 61 [51-70] years and APACHE Il was 25 [19-31], 257 (34%) were prehospital statin users
and 197 (26%) were ICU statin users. Overall, 588 (77%) developed delirium. After adjusting for
covariates, ICU statin use was associated with reduced delirium (p < 0.01). This association was
modified by sepsis and study day; e.g., statin use was associated with reduced delirium among
patients with sepsis on study day 1 (odds ratio [OR], 0.22; 95% confidence interval [CI], 0.10-
0.49) but not among patients without sepsis on day 1 (OR, 0.92; 95% CI, 0.46-1.84) or among
those with sepsis later, e.g., on day 13 (OR, 0.70; 95% CIl, 0.35-1.41). Prehospital statin use was
not associated with delirium (OR, 0.86; 95% ClI, 0.44-1.66; p = 0.18), yet the longer a prehospital
statin user’s statin was held in the ICU, the higher the odds of delirium (overall p < 0.001 with the
OR depending on sepsis status and study day due to significant interactions).

Conclusions—In critically ill patients, ICU statin use was associated with reduced delirium,
especially early during sepsis; discontinuation of a previously used statin was associated with
increased delirium.
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Every year up to 20 million patients receive mechanical ventilation in intensive care units
(ICU) (1); 60% to 80% of these patients experience delirium (2), an acute brain dysfunction
associated with prolonged hospitalization (3, 4), increased mortality (4-6), excess healthcare
costs (7), and persistent cognitive impairment (2). Though ongoing research is examining
interventions that may prevent and/or treat delirium during critical illness, no intervention
studied to date has been proven consistently efficacious.

Statins, among the most commonly prescribed medications, are used to prevent and manage
cardiovascular diseases by over 25% of Americans 245 years old (8). Statins have anti-
inflammatory (9, 10), endothelial function-enhancing (11, 12), and anticoagulant effects (13,
14) that may interrupt the pathologic events thought to lead to delirium during critical
illness. These pleiotropic effects make statins promising candidates for the treatment of
delirium during critical illness (15) since they might interrupt the neuroinflammatory
cascade hypothesized to contribute to delirium (16, 17). In addition, evidence suggests that
treatment of acutely ill patients with statins can reduce inflammation (18-20) whereas
abrupt cessation of statins may cause rebound inflammation (21), leading to adverse
cardiovascular outcomes (22-25). Given that intensivists frequently discontinue these and
other home medications during acute critical illness (26), data are needed to examine not
only on whether statin use reduces delirium but also whether statin discontinuation increases
delirium.

Before the current investigation was designed, three observational studies examined the
association between statins and delirium among cardiac surgery patients (27-29), but none
of these studies assessed critically ill patients at highest risk for delirium, and the
investigations had inconsistent results. We therefore conducted a multicenter, prospective
cohort study to test our a priori hypotheses that 1) statin exposure is associated with reduced
delirium during critical illness, 2) discontinuation of chronic statin therapy is associated with
increased delirium during critical illness, and 3) the association between statins and delirium
is most pronounced during critical illness characterized by inflammation and deranged
coagulation, namely sepsis.

MATERIALS AND METHODS

Study Design and Population

We conducted this prospective cohort study at two large, independent tertiary care medical
centers in Nashville, Tennessee, USA: Vanderbilt University Medical Center and Saint
Thomas Hospital. We sought to study the most severely ill patients and therefore considered
only adults (=18 years old) admitted to a medical or surgical ICU with acute respiratory
failure or shock to be eligible for enrollment. A patient was considered in respiratory failure
if they were receiving invasive mechanical ventilation, noninvasive positive pressure
ventilation, continuous positive airway pressure, or supplemental oxygen via a non-
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rebreather mask or nasal cannula delivering heated high-flow oxygen at the time of
enrollment. We considered a patient to be in cardiogenic shock if they were being treated
with an intra-aortic balloon pump or any of the following medications administered for acute
cardiac dysfunction at the time of enrollment: dopamine =7.5 mcg/kg/min, dobutamine =5
mcg/kg/min, norepinephrine =5 mcg/min, phenylephrine =75 mcg/min, epinephrine at any
dose, milrinone at any dose (if used with another vasopressor), or vasopressin =0.03
mcg/min (if used with another vasopressor). A patient was considered in septic shock if
suspected or proven infection was documented in the setting of hypotension being treated
with any of the previously listed medications.

In order to study patients at low risk for preexisting cognitive impairment, we excluded
those with significant recent ICU time (i.e., >5 total ICU days in the 30 days preceding the
current ICU admission, any ICU days spent on mechanical ventilation in the two months
preceding the current ICU admission, and/or >72 hours in the current ICU admission);
severe dementia (identified by a Clinical Dementia Rating Scale score of 3) (30); ICU
admission post-cardiopulmonary resuscitation with suspected anoxic injury; or cardiac
bypass surgery <3 months before the current ICU admission. In addition, to prevent
enrollment of patients for whom long-term follow-up—which was conducted as part of a
concurrent investigation of the same study population (31)—would not be possible, we also
excluded patients due to active substance abuse or psychotic disorder; recent suicidal gesture
necessitating hospitalization; blindness, deafness, or inability to speak English; moribund
status (i.e., not expected to survive >24 hours and/or withdrawing life support);
incarceration; homelessness; or residence >200 miles from Nashville. Lastly, we excluded
from these analyses patients who were enrolled but never assessable for delirium due to
persistent coma.

We enrolled eligible patients after obtaining informed consent from the patient or their
authorized surrogate. Patients for whom consent was initially obtained through a surrogate
were asked to provide informed consent if they became competent during their
hospitalization. The Vanderbilt University Medical Center and Saint Thomas Hospital
Institutional Review Boards approved the study protocol.

Exposures, Outcome, and Covariates

We examined statin use, the exposure of interest, using two variables: prehospital use,
assessed once per patient, and ICU use, assessed daily throughout the 30-day study period.
We classified patients as prehospital statin users if a statin was included in their electronic
admission medication list. We classified patients as ICU statin users each day that their
hospital medication administration record showed a statin was administered. These records
were also used to determine the duration that statins were discontinued or temporarily held
among prehospital statin users.

The primary outcome was delirium during the ICU stay. Trained research personnel
assessed patients for delirium twice daily by using the Confusion Assessment Method for
the ICU (CAM-ICU), a widely validated instrument that has high sensitivity and specificity
for diagnosing delirium in the ICU (32-35). If either CAM-ICU assessment during a day
was positive, then the patient was considered delirious on that day. When a delirium
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assessment was missing for reasons other than death, coma, or hospital discharge, we used
single imputation to assign mental status for that day, relying on mental status the day before
and after the missing assessment as well as whether death or discharge occurred the day
after the missing assessment. Of all patient-days during which a mental status assessment
was expected, only 3% were missing and required imputation.

We selected covariates for all models a priori based on multidisciplinary expert clinical
judgment and prior research indicating these variables may confound the association
between statin use and delirium. Covariates collected at study enrollment included age,
baseline cognitive impairment assessed by the Short Informant Questionnaire of Cognitive
Decline in the Elderly (Short IQCODE) (36, 37), clinical or subclinical cerebrovascular
disease assessed by the Framingham Stroke Risk profile (38), and the hepatic component of
the Sequential Organ Failure Assessment (SOFA) score (39). The latter was assessed as an
enrollment covariate rather than a daily covariate because bilirubin was available at ICU
admission but not often measured on a daily basis.

Because previous studies have suggested a “healthy user” effect among statin users, we also
collected numerous additional variables for inclusion in a propensity score utilized to adjust
for a patient’s likelihood of being on a statin before the hospitalization. We constructed the
propensity score to estimate the likelihood of being prescribed a statin prior to
hospitalization by fitting a logistic regression model with prehospital statin use as the
dichotomous outcome (user vs. non-user). Independent variables included age, gender,
history of stroke, ischemic heart disease, chronic heart failure, cancer, liver disease, renal
disease, chronic obstructive pulmonary disease, diabetes, peripheral vascular disease,
psychiatric illness, depression, Framingham Stroke Risk Profile (38), Charlson Comorbidity
Index (40), current cigarette smoking and alcohol abuse, activities of daily living (ADLS)
(41), instrumental ADLSs (42), baseline cognitive impairment (Short IQCODE score) (37),
home use of antidepressant or antipsychotics, insurance status, race, weight, and years of
education. The linear predictor from this logistic regression model for each patient, which
indicates the patient’s probability of being a prehospital statin user based on the variables
included in the propensity score model, was included in all other models as a patient’s
propensity for prehospital statin use.

Covariates collected on a daily basis included total daily doses of sedatives and analgesics
(including benzodiazepines in midazolam equivalents, propofol, dexmedetomidine, and
opioids in fentanyl equivalents); mechanical ventilation status; steroid use; study day;
severity of illness as measured by the cardiovascular and respiratory components of the
SOFA score (39); and presence of sepsis. Rather than categorizing patients as septic or not
for the entirety of their hospitalization, we accounted for the time-varying nature of sepsis
(i.e., the syndrome may occur at any time during a hospitalization and similarly may resolve
at any time) by determining sepsis as present or absent on a daily basis according to
international consensus criteria. Specifically, sepsis was considered present on each study
day during which the patient had two or more Systemic Inflammatory Response Syndrome
criteria and received an antibiotic for suspected or proven infection (43) and absent on each
study day during which the international consensus criteria were not present.
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Statistical Analysis

Lacking preliminary data from a critically ill population, we did not perform a priori power
calculations to guide sample size. Instead, we enrolled as many patients as possible during
the enrollment period, which was limited to three years given the funding and personnel
available to support the investigation.

To determine whether prehospital and ICU statin use were associated with delirium in the
ICU, which was an outcome measured repeatedly (i.e., daily in the ICU), we used multiple
logistic regression with a robust Huber-White sandwich estimator to accurately estimate
variance-covariance structure among correlated repeated measures. Prehospital statin use
and covariates measured at enrollment, including the propensity score for prehospital statin
use, were included in the logistic regression model as fixed variables in all observations for
a given patient, whereas daily ICU statin use and covariates measured on a daily basis
(including sepsis) were included in the logistic regression model as time-varying variables
that could change daily, i.e., in each observation. Delirium was a time-varying, binary
(delirium vs. normal mental status) repeated outcome variable, which also could change on a
daily basis, i.e., the logistic regression model accounted for fluctuating delirium status; when
a patient could not be assessed for delirium on a particular day in the 30-day study period
because of coma, death, or hospital discharge, the observation was excluded from analysis.
To determine whether associations between prehospital statin or ICU statin use and delirium
were modified by sepsis or changed over the course of the ICU stay, we assessed for
interactions between sepsis, study day, and prehospital and ICU statin use by including
cross-product terms (e.g., sepsis*ICU statin use) in the regression model.

To examine the association between duration of statin discontinuation and delirium among
prehospital statin users, we again used multiple logistic regression with a robust Huber-
White sandwich estimator; in this case, daily delirium status was the outcome, and the
cumulative number of days a prehospital statin user had been off statins was the primary
exposure variable. All other components of this model (including covariates and interaction
terms) were similar to the previously described regression model.

Though we planned a priori based on biological plausibility to examine potential
interactions between statin exposure (and discontinuation), sepsis, and study day in regard to
their associations with delirium, we also considered the possibility that such interactions
might be influenced by changes in the cohort over time, e.g., patients in the ICU with sepsis
after three weeks are likely different than those with sepsis early in their ICU stay. Thus, we
conducted post hoc sensitivity analyses using the same multiple logistic regression models
described above but limiting the data included to those obtained during the first five days of
the study period, a period chosen because the majority of patients in this cohort spent 5 or
fewer days in the ICU.

In all models, drug covariates were transformed using their cubic root to improve model fit
and reduce the influence of extreme outliers. Continuous variables were allowed to have a
nonlinear association with the outcome using restricted cubic splines (except for
dexmedetomidine use, which was too uncommon in this cohort to provide enough unique
doses for splines). We used R version 2.15.1 for all statistical analyses (44).
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From March 2007 to May 2010, a total of 5,256 patients were screened; 4,430 of these were
excluded, most often because of a recent ICU stay (Figure 1). Of the 826 patients enrolled,
63 were excluded from analyses, most due to persistent coma preventing assessment for
delirium. Therefore, a total of 763 patients were included in this cohort; 257 (34%) of these
were prehospital statin users. Among the 257 prehospital users, simvastatin (54%) was the
most commonly used statin (median [IQR] dose, 40 [20-80] mg) with atorvastatin (20%),
lovastatin (12%), rosuvastatin (8%), and pravastatin (6%) also used. Overall, these
prehospital statins were discontinued for a median of 3 [0 to 13] days during the study
period. In the ICU, simvastatin (40 [20-80] mg) was used by the large majority (78%) of the
197 patients who received an ICU statin; atorvastatin (14%), rosuvastatin (6%), and
pravastatin (1%) were also used. Demographic data and clinical characteristics for the cohort
are shown in Table 1. Statin users were generally older than non-users and had more
cardiovascular disease, as indicated by higher Framingham Stroke Risk Profile scores and a
higher proportion admitted with myocardial infarction and congestive heart failure. All
groups had a high severity of illness (median [IQR] APACHE II score, 25 [19-31]). Though
sepsis and/or ARDS were only documented as the admission diagnosis for one-third of
patients, 418 (55%) patients met consensus criteria for sepsis on study day 1. A total of 588
(77%) patients experienced delirium during their ICU stay.

After adjusting for covariates, including prehospital statin use and daily severity of illness
per organ-specific SOFA scores, ICU statin use was associated with reduced delirium
(overall p for ICU statin use < 0.01, Figure 2). This association was significantly modified
by sepsis (interaction p for sepsis*ICU statin use = 0.02) and by study day (interaction p for
study day*ICU statin use < 0.01), which confirmed our a priori hypothesis and indicated
that a single summary measure of the association between ICU statin use and delirium in the
entire cohort (i.e., a single odds ratio) would be incomplete, ignoring these significant
interactions with sepsis and study day. Figure 2 therefore presents the associations between
ICU statin use and delirium according to the presence/absence of sepsis and study day. For
example, on study day 1, statin use was associated with a 78% reduced odds of delirium
among patients with sepsis (odds ratio, 0.22; 95% confidence interval, 0.10-0.49), whereas
statin use was not associated with reduced delirium on study day 1 among patients without
sepsis (odds ratio, 0.92; 95% confidence interval, 0.46-1.84) or among those with sepsis
later in the study, e.g., on study day 13 (odds ratio, 0.70; 95% confidence interval, 0.35—
1.41). In general, ICU statin use was associated with reduced delirium during days of sepsis
early in the ICU stay and with reduced delirium during days without sepsis late in the ICU
period. Prehospital statin use, alternatively, had no association with delirium, regardless of
sepsis or study day (overall odds ratio, 0.86; 95% confidence interval, 0.44-1.66; p = 0.18,
Figure 3).

Results from the sensitivity analysis, which examined data from the first 5 study days,
similarly showed that ICU statin use was associated with reduced delirium (overall p for
ICU statin use < 0.01). This association, as shown in Table 2, was again significantly
modified by sepsis (interaction p for sepsis*ICU statin use = 0.02), such that ICU statin use
was associated with reduced delirium among patients with sepsis but not among those
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without sepsis. In contrast, the association was not modified by study day (interaction p for
study day*ICU statin use = 0.80) in the 5-day analysis.

Statin discontinuation was associated with increased delirium among prehospital statin users
(overall p for duration of statin discontinuation < 0.001), an association that was modified
by sepsis and study day (both interaction p < 0.001) in the analyses of all 30 days of data. In
general, the probability of delirium increased the longer a prehospital statin user remained
off a statin, but the slope and strength of this association depended on sepsis and study day
(Figure 4). Similarly, as shown in Table 2, duration of statin discontinuation was associated
with increased delirium among prehospital statin users in the sensitivity analysis restricted to
the first 5 study days (overall p for duration of statin discontinuation = 0.047). During this
period, however, neither sepsis nor study day significantly modified the association between
statin discontinuation and delirium (overall p for all interaction terms = 0.22).

DISCUSSION

This is the first multicenter, prospective cohort study to identify an association between
statin use or discontinuation and delirium during critical illness. We found that statin use in
the ICU was associated with reduced delirium early during the ICU stay in the setting of
sepsis and late in the ICU stay when patients were not septic. In addition, discontinuation of
statins during the ICU stay among prehospital statin users was associated with increased
delirium. These results call into question the common practice of holding prehospital statin
therapy during a patient’s ICU stay and indicate that statins may have efficacy in the
prevention or treatment of delirium during critical illness, both of which are questions that
must be addressed by randomized placebo-controlled trials.

Our results are consistent with and extend those recently published by Page et al. (45), who
examined the association between ICU statin exposure and delirium-free days in a single-
center, prospective cohort study of 470 medical and surgical ICU patients in the United
Kingdom; receipt of a statin in their study was independently associated with a 2.28-fold
increase in the odds of being delirium free the following day. In our investigation, not only
was ICU statin exposure associated with reductions in delirium, but discontinuation in the
ICU of a previously administered statin was associated with increased delirium.

Our study and that of Page et al. (45) differ significantly from earlier observational studies
(27-29) that investigated statins and postoperative delirium, primarily because we studied
critically ill patients with a high severity of illness whereas prior studies examined elective
cardiac surgery patients. In a large, retrospective cohort study, Redelmeier et al. (27) found
that statins were associated with an increased odds of delirium after elective cardiac surgery.
Delirium, however, was likely underdiagnosed in this trial since it was identified using
ICD-9 codes. In contrast, Katznelson et al. (28) diagnosed delirium in their prospective
cohort study using a validated delirium tool (the CAM-ICU) and found that preoperative
statin use was associated with a reduction in delirium after cardiac surgery. In the largest
study to date, Mariscalco and colleagues (29) retrospectively examined 4,569 patients, over
90% of whom underwent elective cardiac surgery. Using propensity matching for likelihood
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of preoperative statin use, Mariscalco et al. found no association between delirium and
preoperative statin administration.

Data from animal and human studies suggest neuroinflammation is central in the
pathophysiology of delirium during critical illness (46—48). Severe sepsis, the prototype for
critical illness arising from systemic inflammation, is known to involve neuroinflammation
as a response to circulating cytokines and chemokines (46, 49). This inflammation may
cause neuronal damage through microglia activation (47), edema (49), microvascular
thrombosis and alterations in blood flow (50), and/or apoptosis (51), manifesting clinically
as delirium and likely leading to cognitive deficits that may persist for years after critical
illness.

Statins are known to have numerous pleiotropic effects that may benefit the brain during
critical illness, including anti-inflammatory (9, 10), endothelial function-enhancing (11, 12),
and anticoagulant effects (13, 14). If these effects, which are well documented in animal and
human studies, mitigate neuronal injury during critical illness, statins may reduce delirium.
Alternatively, other effects of statins may contribute to their association with delirium.
Statins might improve neuronal function, for example, via effects on N-methyl-D-aspartate
(NMDA)-mediated glutamate excitotoxicity (52, 53) or endothelial function (11, 12).
Randomized trials, including an ongoing phase 2 trial of simvastatin in mechanically
ventilated ICU patients (ISRCTN89079989), could measure a broad array of markers of
inflammation and coagulation as well as NMDA receptors and endothelial function, which
has been associated with delirium during critical illness (54), so that the results of those
trials can be understood mechanistically.

Our finding that discontinuation of a prehospital statin during an acute critical illness is
associated with increased delirium is not surprising given results of studies performed in
other settings (21, 23, 24). When statins were held during acute myocardial infarction,
rebound inflammation was noted within 3-5 days (21). In another study, neurological
deterioration among patients with acute stroke was more likely when statins were
discontinued during the first three days of admission (24). In light of these investigations
and our own results, the common practice of holding statins at ICU admission that were
administered in the outpatient setting (26) should be examined carefully in a randomized
trial.

Strengths of our investigation included the prospective cohort design, large sample size,
granular classification of statin exposure, comprehensive adjustment for potential
confounders (e.g., via use of a propensity score for prehospital statin use, organ-specific
SOFA scores measured on each ICU day, and numerous other covariates), and accurate and
thorough ascertainment of outcome using delirium assessments performed twice daily by
trained research personnel using a valid and reliable delirium assessment tool (32, 33).

Limitations included lack of data on patients’ adherence to the prehospital prescription of
statins, which might have led to misclassification biasing results regarding prehospital statin
use and delirium though misclassification of ICU statin use was highly unlikely; results
generalizable to patients without preexisting cognitive impairment since patients at high risk
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for preexisting cognitive impairment were excluded; and as with any observational study,
the possibility of bias due to unmeasured confounders. To minimize bias, we used
multivariable regression to adjust for a large number of potential confounders, including a
propensity score based on factors known to be associated with patients’ compliance with
statins (55-57) as well as multiple daily measures of illness severity, but the possibility of
bias due to unmeasured confounders—e.g., factors of illness severity that may be associated
with discontinuation of statins but are not reflected in the SOFA score or concurrent
therapies such as reperfusion therapy in the setting of acute coronary syndrome—cannot be
entirely eliminated. Changes over time in the study population, for example, due to death
and discharge may have biased results from days later in the study period, but sensitivity
analyses using data from the first 5 study days yielded similar results to those obtained from
the entire dataset. Nevertheless, these results (especially those generated late in the study
period when confidence intervals were wide due to a reduced sample size) should be
interpreted with caution such that statins cannot be recommended as therapy for the
prevention or treatment of delirium until randomized, placebo-controlled trials are
conducted to determine whether statins are efficacious in the management of delirium in the
ICU. Future studies are also warranted to determine the effect of statins on long-term
cognitive outcomes.

CONCLUSIONS

This investigation found that statin use in the ICU was associated with reduced delirium
during critical illness. Additionally, delirium was increased when previously used statins
were discontinued during an acute critical illness. Delirium is well documented to be an
important independent predictor of poor outcomes in multiple healthcare settings, yet it is
most prevalent and detrimental in the ICU. Statins, therefore, may have a major public
health impact on the epidemiology and outcomes of critical illness if they are found to
reduce delirium and its associated long-term outcomes in randomized clinical trials, which
are now needed to elucidate the effects of statin use and discontinuation on the brain during
critical illness.
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5,256 patients considered eligible

A 4

4,430 excluded from enrollment
829 significant recent ICU time
737 active substance abuse or psychiatric disorder
696 surrogate refused
455 preexisting severe cognitive disorder
363 no surrogate available
333 moribund
243 rapidly resolving organ failure
239 residence >200 miles from study sites
167 s/p cardiac arrest causing anoxic brain injury
120 participating in another study
81 blind, deaf, or unable to understand English
46 previously enrolled in this study
40 recent cardiac bypass surgery
81 other

826 enrolled

A 4

A\ 4

63 excluded from analyses
57 could not be assessed for the primary outcome
41 were persistently comatose
10 died before first assessment
4 withdrew before first assessment
2 discharged before first assessment
4 withdrew and requested destruction of their data
2 had no records on pre-hospital medications

763 analyzed

v

506 prehospital statin non-users

I
v v

62 ICU statin users 444 |1CU statin non-users

v

257 prehospital statin users

I
v v

Figure 1.
Enrollment and Statin Exposure

135 ICU statin users 122 ICU statin non-users
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Figure 2. ICU Statin Use and Delirium
The odds ratio for delirium that was associated with ICU statin use during the 30-day study,

after adjusting for covariates, is indicated by the dark circles (with corresponding 95%
confidence intervals indicated by vertical lines). Results are shown according to the study
day (indicated by position along the x-axis) and the presence or absence of severe sepsis
(left and right panels, respectively); N displays the number of patients in the cohort on
specific study days, which changes over time due to discharge, death, and changing sepsis
status. After adjusting for age, baseline cognitive function, Framingham Stroke Risk Profile,
propensity score for prehospital statin use, severity of illness, sepsis, mechanical ventilation,
sedative and analgesic doses, steroid use, and study day, ICU statin use was associated with
reduced delirium (p < 0.01), with the association significantly modified by sepsis
(interaction p = 0.02) and by study day (interaction p < 0.01). Specifically, ICU statin use
was associated with reduced delirium during days of sepsis early in the ICU stay and with
reduced delirium during days without sepsis late in the ICU stay.
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Figure 3. Prehospital Statin Use and Delirium
The odds ratio for delirium that was associated with prehospital statin use, after adjusting for

covariates, is indicated by the dark circles (with corresponding 95% confidence intervals
indicated by vertical lines); results are shown according to the study day (indicated by
position along the x-axis) and the presence or absence of severe sepsis (left and right panels,
respectively); N displays the number of patients in the cohort on specific study days, which
changes over time due to discharge, death, and changing sepsis status. After adjusting for
age, baseline cognitive function, Framingham Stroke Risk Profile, propensity score of
prehospital statin use, severity of illness, sepsis, mechanical ventilation, sedative and
analgesic doses, steroid use, and study day, prehospital statin use was not associated with
delirium (p = 0.21).
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Figure 4. Duration of Statin Discontinuation and Delirium
The probability of delirium that was associated with the duration of statin discontinuation,

after adjusting for covariates, is indicated by the colored lines (with corresponding 95%
confidence intervals indicated by gray ribbons); results are shown according to study day
(indicated by position along the x-axis) and the presence or absence of sepsis (left and right
panels, respectively). After adjusting for age, baseline cognitive function, Framingham
Stroke Risk Profile, propensity score for prehospital statin use, severity of illness, sepsis,
mechanical ventilation, sedative and analgesic doses, steroid use, and study day, longer
durations of statin discontinuation among prehospital statin users were associated with
increased delirium (p < 0.001), with the association significantly modified by sepsis and by
study day (both interaction p < 0.001).
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Table 2
Associations between Statin Use or Discontinuation and Delirium during Study Days 1-5 (Sensitivity

Analyses Results)&b

Association with Delirium

Exposure OddsRatio  95% Confidence Interval
Statin Use@
In the IcUb
With sepsis® 0.45 0.22 t0 0.94
Without sepsis® 0.92 0.4210 2.05
Prehospital
Al patientsd 0.85 0.44 10 1.66

Statin Discontinuation®

All patientsd 2.24 1.17 10 4.26

Abbreviations: Cl, confidence interval.

a . - . . - I . . . . .

Results show the odds ratio for delirium associated with use of a statin in the ICU or during the prehospital period (with no statin exposure being
the reference comparator), after adjusting for age, baseline cognitive function, Framingham Stroke Risk profile, propensity score for prehospital
statin use, severity of illness, sepsis, mechanical ventilation, sedative and analgesic doses, steroid use, and study day.

bDuring study days 1-5, the association between ICU statin use and delirium was not significantly modified by study day (interaction p for study
day*ICU statin use = 0.96), all interaction terms were retained in the model because of the significant interaction between sepsis and ICU statin use
(see footnote c). Thus, the odds ratios (and corresponding confidence intervals) displayed are specific to study day 3 (the median study day in this
sensitivity analysis) but do not significantly different from the results specific to other study days.

CDuring study days 1-5, the association between ICU statin use and delirium was significantly modified by sepsis (interaction p for sepsis*ICU
statin use = 0.02); the odds ratios (and corresponding confidence intervals) are therefore shown according to whether sepsis was present or absent.
Sepsis status was determined on a daily basis (i.e., patients could be septic on one day and non-septic on the next) according to international
consensus criteria (40).

During study days 1-5, neither the association between prehospital statin use and delirium nor between statin discontinuation and delirium were
modified by sepsis (interaction p = 0.46 and 0.22, respectively); the odds ratios (and corresponding confidence intervals) are therefore shown for all
patients rather than according to whether sepsis was present or absent.

eResults show the odds ratio for delirium associated with 3 days of statin discontinuation (with 0 days being the reference comparator), after
adjusting for age, baseline cognitive function, Framingham Stroke Risk profile, severity of illness, sepsis, mechanical ventilation, sedative and
analgesic doses, steroid use, and study day.
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