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Abstract: Purpose: The aim of the current study was to determine whether statins are effective in prevention of de-
lirium and cognitive impairment in critically ill patients. Methods: A systematic search was performed of MEDLINE,
EMBASE, the Cochrane Central Register, and all available Chinese databases to identify publications from inception
to February 2018. Adults with no history of cognitive dysfunction, treated with statins in intensive care units, were in-
cluded from observational studies and high-quality randomized controlled trials (RCT) after formal bias assessment.
Results: Nine studies were included in the quantitative synthesis. Short-term trials included 2 RCTs, 5 prospective
studies, and 2 retrospective studies. Pooled data demonstrated no reduction in delirium prevalence (RR, 0.93; 95%
Cl, 0.71-1.22). Long-term cognition studies included only one RCT, with a follow-up duration of 12 months. Results
revealed no reduction of impaired cognition in statin-treated patients (OR, 1.07; 95% Cl, 0.53-2.19). Conclusion:
Despite some encouraging observational studies, present data shows no benefit for statins in reducing delirium for

intensive care and long-term cognitive impairment.
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Background

Delirium is a form of acute brain dysfunction,
with a prevalence between 60% to 80% in criti-
cally ill patients requiring mechanical ventila-
tion [1]. Delirium is associated with prolonged
hospitalization [2], excessive healthcare costs
[3], increased mortality [4], and even persistent
cognitive impairment [1]. Delirium is indepen-
dently associated with a 3-fold increased risk
of mortality at 6 months. For survivors, a 10-fo-
Id increased risk of cognitive impairment exists
at 12 months [5]. Long-term cognitive impair-
ment after critical iliness reduces quality of life,
increases healthcare costs, and leads to insti-
tutionalization [6]. Researchers have examined
interventions that may prevent and/or treat
delirium during critical illness. However, no in-
terventions, to date, have been proven consis-
tently efficacious [7]. In addition to reducing
formation and entry of low-density lipoprotein

(LDL) cholesterol into the circulation and lower-
ing serum fatty acid concentrations, statins ha-
ve other cholesterol-independent effects, incl-
uding antithrombotic and anti-inflammatory ef-
fects, reduction of apoptosis, and cell death [8].
These pleiotropic effects make statins promis-
ing candidates for treatment of delirium during
critical illnesses, since they might interrupt the
neuroinflammatory cascade hypothesized to
contribute to delirium [9]. Although the patho-
genesis of delirium remains poorly understood,
Page and co-workers reported that ongoing ne-
uroinflammation may cause oxidative damage
and apoptosis, leading to development of cog-
nitive impairment [10]. Some observational
studies have shown that statin administration
has positive effects on reduction in the dura-
tion of delirium, while discontinuation of statins
has been associated with an increased risk of
delirium [11, 12]. However, some randomized
controlled trials, focusing on the effects of st-
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atins and their neurological benefits, have re-
ported no differences in the prevalence of delir-
ium in intensive care or on cognitive impair-
ment at 6 months and 12 months after dis-
charge from intensive care [13, 14].

Several excellent meta-analyses of observati-
onal studies have been published on the poten-
tial influence of statins on brain dysfunction
(delirium, dementia, and cognitive impairment).
However, these studies did not focus on criti-
cally ill patients and showed conflicting results
[141, 12]. The most recent report was published
in 2017, but new high quality RCTs studies have
been released that were not included in either
of these meta-analyses [13]. The objective of
this meta-analysis was to review current stud-
ies and estimate any benefit of statins in pre-
venting delirium in short-term and cognitive
impairment in long-term for critical ill patients
with no history of cognitive dysfunction.

Methods
Search methods for identification of studies

Electronic search: A systematic search of ME-
DLINE, the Cochrane Central Register, and EM-
BASE was conducted from inception to February
25, 2018. This search was augmented by hand,
searching of relevant articles and making inqui-
ries among colleagues, collaborators, and ex-
perts in the field. This study also searched
Chinese Biomedical Database (CBM) (1975 to
February 28, 2018), China National Knowledge
Infrastructure (CNKI) (1917 to February 28,
2018), and VIP Database (1989 to February
28, 2018). No language restrictions were ap-
plied. This optimal search strategy was accord-
ing to previous literature [14] with the aid of an
expert. The following search terms were used:
statins or statin or simvastatin or lovastatin or
pravastatin or fluvastatin or atorvastatin or
rosuvastatin or cerivastatin and dementia or
cognition disorders or delirium or amnestic and
follow-up studies or longitudinal studies or pro-
spective studies or random control studies and
critical ill or intensive care unit.

Study characteristics

Types of studies: For both delirium and cogni-
tive impairment, studies were required to be
randomized controlled trials, high-quality pro-
spective studies, and retrospective cohort
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studies of any statin using validated objective
measures of delirium and cognitive impairment
as end points. Studies comparing two different
statins without a placebo were excluded.

Types of participants: Critical ill patients with
no history of cognitive dysfunction were includ-
ed. Patients in ICU after surgery were included,
especially coronary surgery.

Types of interventions: Any member of the st-
atin family was given, within the licensed dose
range, with a parallel concomitant placebo.

Types of outcome measures: Primary outcome
was the daily delirium status in intensive care,
up to 28 days, in the intention-to-treat popula-
tion. Delirium status was assessed daily by
researchers or clinical personnel with the vali-
dated and reliable Confusion Assessment Me-
thod for the Intensive Care Unit (CAM-ICU) [15].
Secondary outcomes were cognitive function at
6 months and 12 months. Immediate memory
and delayed memory were assessed with Lo-
gical Memory | and Il age-adjusted scaled
scores (range 1-19; higher is better) from the
Wechsler Memory Scale (Third Edition). Atten-
tion and working memory were assessed with
Digit Span age-adjusted scaled scores (range
1-19; higher is better) from the Wechsler Adult
Intelligence Scale (Third Edition) [16].

Data collection and analysis

Selection of studies: Two authors, independent-
ly, searched and screened publications. The
two authors agreed upon and tested the MeSH
terms and search strategy. They screened cita-
tions and independently selected trials for rel-
evance against the defined inclusion criteria.
This study excluded trials that did not fulfil the
criteria from further analysis. Any disagreem-
ents, in the selection of studies, were resolved
by discussion.

Data extraction and management: Available
data on demographics of participants (age,
gender, lipid values at baseline), statin regimen
(type of statin, daily dosage, starting time, dura-
tion), and follow-up duration was extracted. The
number of participants in each treatment group
and the number of participants experiencing
the outcome of interest was also extracted.
This study reported results of dichotomous out-
comes as an odds ratio (OR) with 95% CI. Data
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was applied using RevMan version 5.1 soft-
ware (Cochrane Collaboration).

Dealing with missing data: If intention-to-treat
data were not available in the publications, ‘on-
treatment’ or the data of participants that com-
pleted the trial was sought.

Assessment of heterogeneity: The impact of he-
terogeneity was assessed for each pooled an-
alysis by Cochran’s Q test and I? statistic. Low,
moderate, and high degrees of heterogeneity
corresponded to 1?2 values of 25%, 50%, and
75%. Furthermore, a random or fixed effects
model was chosen based on heterogeneity. A
random effects model was selected when the I
was > 50%. Publication bias was estimated by
visual inspection of the funnel plot. Duval and
Tweedie Trim and Fill Method was used to
assess publication bias if visual inspection of
the funnel plot suggested an asymmetrical dis-
tribution of the studies. If heterogeneity still
existed with any model, sensitivity analysis was
carried out (excluding studies with conflicting
results from the rest), thereby assessing the
robustness of results of fixed-effects versus
random-effects models [13].
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Assessment of risk of bias
in included studies

Methodological quality of
RCTs was examined using
Cochrane’s tool for assess-
ing risk of bias using the fol-
lowing domains: selection
bias, detection bias, perfor-
mance bias, attrition bias,
reporting bias, and other bi-
as. For observational stud-
ies, the Newcastle-Ottawa
Scale was adopted for exp-
osures and outcomes of in-
terest in this review. High-
est risk of bias contained
self-reported methods, re-
cord linkage (generally ta-
ken from pharmacy data-
bases on filled prescripti-
ons) compared with in-per-
son clinical assessment of
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dementia, and studies that
did not adjust for known
confounders or a propensi-
ty score [17].

Results

A PRISMA (Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses) flow dia-
gram is shown in Figure 1. The initial search
identified 396 records. After screening, 29 we-
re considered potentially eligible. These 29 full-
text articles were assessed for eligibility. Nine
met eligibility requirements for qualitative syn-
thesis and for quantitative synthesis (8 short-
term and 1 long-term cognition studies). The 9
remaining studies underwent bias assessment.
Twenty were excluded, as their risk of bias was
higher than that of the remaining group (Figure
2), primarily due to outcome measurement and
appropriate consideration of confounders. Re-
sults showed high heterogeneity (12=95%) for all
studies and moderate heterogeneity (1>=41%)
for perspective studies. A total of 269,278 pa-
tients were included in this analysis. Statins
were used in 23,856 (8.3%) patients. In the
total cohort, 4,382 (1.4%) patients underwent
cardiac surgery. Statin use was noted in 2,321
(53.0%) of these patients (Figure 4).

Prevention of delirium

Short-term trials included one randomized con-
trolled trial, 5 prospective studies, and 2 retro-
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Figure 2. Bias summary for observational studies, rated by the Newcastle-Otta-
wa Scale, with 9 total possible points (4 for selection, 2 for comparability, and 3
for outcome). More points indicate a higher-quality study.

| M Selection

m Outcome heterogeneity was 95%,
reflecting high heterogene-
ity among included st-
udies. Therefore, a random
effects model was adopt-
ed. The overall risk of deliri-
um in the nine studies was
not significantly different in
thestatinandnon-statingro-
ups, while two retrospecti-
ve studies demonstrated
contrary results (RR, 0.76;
95% ClI, 0.29-1.99). Since
the two retrospective stud-
ies contributed most of the
patients, exclusion sensitiv-
ity was performed. Exclusi-
on of each or both studies
did not alter results (RR,
0.88; 95% ClI, 0.60-1.30) or
(RR, 1.00; 95% Cl, 0.87-1.14).
Visual inspection of the fun-
nel plot suggested asym-
metry. Duval and Tweedie
trim and fill plots did not
alter the above results sig-
nificantly, not necessarily
indicating publication bias
(Figure 3).
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spective studies, showing inconsistent effects.
Pooled data demonstrated no reduction in de-
lirium prevalence (risk ratio, 0.92; 95% Cl, 0.68-
1.26). Characteristics of these studies are sum-
marized in Table 1. In total, the studies did not
show any consistent effects of statin therapy
on delirium end points. Monitoring varied be-
tween 6-12 hours, based on study/institution
protocols. Delirium was identified using the Co-
nfusion Assessment Method for the Intensive
Care Unit (CAM-ICU) infour studies. International
classification of disease code was used in one
study, while both CAM-ICU and intensive care
delirium screening checklist were used in the
remaining study. Delirium was noted in 936
(3.8%) and 4,218 (1.5%) of the patients in st-
atin and non-statin groups, respectively. Overall
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cognitive decline as the pri-
mary outcome and it did
not concern dementia. This
study (148 patients) had a follow-up duration of
12 months. Results revealed no reduction of
impaired cognition in statin-treated patients
(odds ratio, 1.07; 95% Cl, 0.53-2.19) (Figure 5).

Discussion

The present systematic review evaluated stud-
ies regarding statin interventions on short-term
and long-term cognitive impairment in intensive
care patients without a history of cognitive dys-
function. Overall, 2 RCTs [13, 14], 5 perspec-
tive cohort studies [11, 12, 22-24], and 2 retro-
spective cohort studies [18, 19] were evaluat-
ed. Strengths of the present study include a
clear taxonomy for short- vs long-term effects
of statin therapy, use of a priori eligibility crite-
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Statins Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random,95% Cl M-H, Random, 95% CI
1.1.1RCT
Page et al. 2017 56 Il 56 71 124% 1.00[0.84, 1.19] b
Needham et al. 2016 47 137 42 135 108% 1.10[0.78, 1.55] T
Subtotal (95% Cl) 208 206 23.2% 1.02 [0.88, 1.19] ‘
Total events 103 98
Heterogeneity: Taw® = 0.00; Chi* =0.35, df =1 (P =0.56); F = 0%
Test for overall effect. Z =0.25 (P = 0.80)
1.1.2 Prospective studies
da Cruz etal. 2012 8 68 15 101 6.1% 0.79[0.36, 1.76] 1
Page et al.2014 50 150 125 313 116% 0.83[0.64, 1.09] i
Kaltznelson (a) et al. 2009 73 680 49 383 108% 0.84 [0.60, 1.18] -
Morandi et al. 2014 156 197 439 566 12.9% 1.02[0.94, 1.11]
Mariscalco et al. 2012 53 1577 36 1577 100% 1.47[0.97,2.24] ™
Subtotal (95% CI) 2672 2940 51.4% 0.98 [0.83, 1.15] 4
Total events 340 664
Heterogeneity: Taw® = 0.01; Chi* =6.80, df =4 (P =0.15), E=41%
Test for overall effect: Z =0.26 (P =0.79)
1.1.3 Retrospective studies
Mather et al. 2017 282 1475 600 1475 127% 0.47[042, 053] -
Redelmeier et al. 2008 267 19501 2912 264657 127% 1.24[1.10, 1.41] "
Subtotal (95% Cl) 20976 266132 25.4% 0.76 [0.29, 1.99] ’
Total events 549 3512
Heterogeneity: Tal? = 047, Chi2 = 120.60, df = 1 (P < 0.00001); I*= 99%
Test for overall effect: Z = 0.55 (P = 0.58)
Total (95% CI) 23856 269278 100.0% 0.93[0.71,1.22] ¢
Total events 992 4274
Heterogeneity: Talf = 0.15; Chi® = 156.81, df = 8 (P < 0,00001); I? = §5% o;‘ 002 0‘ ; } 110 5010

Test for overall effect: Z =0.51 (P =061)
Test for subgroup differences: Chi2 =043, df=2 (P =081} 2= 0%

Favours [Statins] Favours [control]

Figure 4. Forest plot of quantitative synthesis for short-term cognition showing incidence of delirium in the statin vs
placebo groups (constructed using Cochrane RevMan version 5.1 software).

ria, focus on objective outcome measures, for-
mal assessment of bias, and quantitative syn-
thesis.

Regarding statins and short-term cognition,
studies including RCT and observational stud-
ies varied from its amount. This review provides
the first quantitative synthesis of digit symbol
substitution test scores. This review strength-
ens the findings of two recent systemic reviews
by incorporating several additional publicati-
ons, focusing on delirium studies defined by
formal risk of bias assessment [13, 20]. Current
data demonstrated contradicting impact of
statins in delirium prevention. However, contra-
dictions are subject to individual study bias.
The largest data for this analysis emanated
from the study by Redelmeier and colleagues.
It had methodological weaknesses of restric-
tion of ages and property of statins (non-lipo-
philic) [18]. Mariscalco [22, 24], Cruz [21], and
Katznelson [22] evaluated patients regarding
different types of surgery, duration of statin
use, and intra- and post-operative manage-
ment. Statin withdrawal was associated with
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higher postoperative cardiovascular events and
troponin release and worsening delirium [23].
However, the effects of statins in the peri-oper-
ative population for prevention of post-opera-
tive delirium remain unclear. Results of obser-
vational studies of statins and delirium in the
intensive care unit (ICU) are contradictory [18,
19]. RCT results do not support simvastatin
administration in the management of delirium.

Regarding statins and long-term cognition, one
high quality RCT [24] evaluated the effects of
statins on delirium in ICU. Moreover, a long-te-
rm follow-up was performed to evaluate the
impact of delirium treatment on cognitive and
functional impairment. There was no benefit of
rosuvastatin in reducing delirium in intensive
care or cognitive impairment at 6 months and
12 months in this trial, consistent with a sepa-
rate patient cohort from ARDSNet’s EDEN trial
(36% at 6 months, 25% at 12 months). In that
cohort of patients with respiratory failure or
shock, they were assessed at 3 months (40%)
and 12 months (34%) with a different set of
cognitive tests. In the present review, the im-

Int J Clin Exp Med 2019;12(5):4572-4579



Statins and cognitive impairment

Table 1. Characteristics of studies meeting the inclusion criteria

. Katznelson Mariscalco et . Page etal. Redelmeier et al. Needham et al.
Parameter/Studies Cruz et al. 2012 et al. 2009 al. 2012 Moradi et al. 2014 2014 2008 Mather et al. 2017  Page et al. 2017 2016
Country United states United Canada United states United Kingdom United states
Kingdom
Design Prospective Prospective Prospective Prospective Prospective Retrospective Retrospective RCT RCT
Study period 01/2011-06/2011  05/2005- 10/2004- 03/2007-05/2010 08/2011- 04/1992-0/42002 09/2012-09/2015 02/2013-07/2016 2010-2014
06/2006 12/2010 02/2012
Number (entire) 169 1063 3154 763 463 284158 2950 142 272
Female N (%) 304 (30%) 859 (22%) 372 (49%) 219 (47%) 142718 (50%) 1319 (44%) 60 (42%) 136 (50%)
Non-stain users 68 383 2474 444 319 264657 1475 71 135
Age 67.8 61 70 72.9 62 52.5
Population Cardiac surgery Cardiac Cardiac ICU ICU Cardiac and non- ICU Receiving invasive  Receiving
surgery surgery cardiac surgery mechanical ven- mechanical
tilation ventilation
Inclusion criteria Cardiac surgery First cardiac  Use of CPB ARF, shock All ICU > 65 years, elective  All ICU Receiving invasive  Receiving
surgery with surgery mechanical ven- mechanical
CPB tilation ventilation
Exclusion criteria Circulatory Alcohol use, Recent ICU stay*, IMV Emergent or day Richmond Agitation Younger than Acute respira-
arrest, CHD,  Psychiatric < 2 months, demen- surgery, major vas-  Sedation Scale 18 years old, tory distress
re-do surgery illness tia, CPR with ABI, no cular diseases (RASS) assessment  pregnant or syndrome for
long-term follow-up of -4 or-5 breastfeeding more than 48 h
Statins used Simvastatin (92.6%) Simvastatin Simvastatin (54.0%) Atorvastatin Atorvastatin Simvastatin Rosuvastatin
Atorvastatin (5.9%) Lovastatin Atorvastatin (20.0%) Pravastatin (74.6%), pravas-
Rosuvastatin (1.5%) Rosuvastatin  Lovastatin (12.0%) Simvastatin tatin (12.6%), ro-
Fluvastatin Rosuvastatin (8.0%) Lovastatin suvastatin (4.4%),
Pravastatin (6.0%) Rosuvastatin and simvastatin
Fluvastatin (8.4%)
Cerivastatin
Prehospital duration > 2 months 5.0+4.5 days
Delirium criteria CAM-ICU, ICDSC CAM-ICU CAM-ICU CAM-ICU CAM-ICU ICD codes CAM-ICU CAM-ICU CAM-ICU
Primary outcome Delirium Delirium Delirium Delirium Delirium Delirium Delirium Delirium-free and Delirium status
coma-free in the in intensive care
first 14 days up to 28 days
Secondary outcome Delirium-free and  Cognitive func-
coma-free in the tion at 6 months
first 28 days and 12 months
Risk/Newcastle ottawa scale 7 9 8 9 9 6 6 Low Low

4577

Int J Clin Exp Med 2019;12(5):4572-4579



Statins and cognitive impairment

Statins Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
Needham 2016 20 67 23 81 100.0% 1.07[0.53, 2.19]
Total (95% Cl) 67 31 100.0%  1.07[0.53,2.19]
Total events 20 2

Heterogeneity: Not applicable
Test for overall effect: Z =0.19 (P = 0.85)

00t o1 1 10 1000
Favours [Statins] Favours [control]

Figure 5. Forest plot of quantitative synthesis for long-term cognition showing incidence of dementia in the statin vs
placebo groups (constructed using Cochrane RevMan version 5.1 software).

pact of statins varied significantly across differ-
ent studies, but no interventions were effec-
tive. This can partially be ascribed to the fact
that resolution of delirium was evaluated using
different assessment tools. All types of deliri-
um are not the same, varying according to sp-
ecific characteristics, duration, and persisten-
ce. Therefore, it is of great significance to evalu-
ate the effects of statins that attenuate inten-
sive care and post-intensive care cognitive
impairment.

The present systematic review had some limita-
tions. First, different types of studies, including
RCTs, retrospective studies, and perspective
studies, may have been responsible for the ob-
served heterogeneity. Second, because of high
heterogeneity and the small number of studies,
publication bias could not be properly assessed.
Third, some studies did not have the same end
points or the same data available for synthesis.
Therefore, the authors were contacted. More
data, however, was not always available.

Conclusion

In critically ill patients without baseline cogni-
tive dysfunction, results of this meta-analysis
revealed no significant short-term cognitive de-
triments related to statin therapy. Long-term
data also suggests no beneficial role in the pre-
vention of dementia. Future studies investigat-
ing statins and cognition should use a clear
taxonomy, establish protocols a priori, and fo-
cus on objective outcome measures. More stu-
dies regarding mechanisms, outcomes, indivi-
dual drugs, and dosages are warranted to eval-
uate statins as a potential therapy for critically
ill patients.
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