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ABSTRACT  
  
BACKGROUND: Despite recent promising pharmacological and 
technological advances in neurosurgical intensive care, the 
overall TBI-related mortality and morbidity remain high and still 
pose a major clinical problem. The aim of this study was to 
evaluate the effect of oral simvastatin on the clinical outcome of 
patients with severe TBI. 
METHODS: In a double-blind placebo-controlled randomized 
clinical trial a total of 98 patients with severe TBI in Imam 
Khomeini Hospital in Sari, Iran, were evaluated. Patients who 
meet the inclusion criteria were randomly allocated into two 
groups (n=49). In addition to supportive therapies, the 
intervention group received oral simvastatin (40 mg, daily) for 10 
days, and the control group received the placebo (10 days). 
Patients' Glasgow coma scale (GCS) score, in hospital mortality, 
duration of mechanical ventilation and length of ICU and 
neurosurgery ward stay were evaluated during three-time 
intervals (T1: admission, T2: discharge and T3: one month after 
discharge). 
RESULTS: The percentage of conscious patients was 18.9% (7 
cases) in the simvastatin group and 3.1% (1 case) in controls 
(P=0.06) at T2. One month after discharge (T3) the proportion of 
conscious patients significantly increased in the simvastatin 
group compared to control group (64.9 % versus 28.1 %; 
P=0.002). There was no significant difference for the mean of 
GCS score between the simvastatin group and control group at T1 
(6.41 ± 1.30 versus 6.41 ± 1.28, respectively; P = 0.98). However, 
the mean score of GCS in patients who received simvastatin was 
significantly greater than controls at T2 and T3 (p<0.05). There 
was no significant differences between two group in-terms of 
length of mechanical ventilation, ICU and neurosurgery ward 
stay. 
CONCLUSION: According to the results of this study it seems 
that using simvastatin may be an effective and promising 
therapeutic modality for improving GCS score during TBI 
recovery. 
KEYWORDS: Simvastatin, Brain Injuries, Traumatic; Glasgow 
Outcome Scale; Patient Outcome Assessment  
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INTRODUCTION  
 
Traumatic Brain Injury (TBI) is the leading 
cause of neurological morbidity and mortality 
worldwide (1-3). Many of TBI survivors will 
experience short and long-term TBI-related 
disabilities and complications, which imposes 
huge clinical, social and economic burdens on 
the healthcare system and society (4-6). Despite 
recent promising pharmacological and 
technological advances in neurosurgical 
intensive care, the overall TBI-related mortality 
and morbidity remain high and still pose a major 
clinical problem. To date, no pharmacological 
intervention, with strong evidence, is available 
to clearly improve the outcome of patients with 
severe TBI (2,7). Therefore, trying to evaluate 
the overall clinical efficacy of new therapeutic 
modalities on the clinical outcomes of patients 
with severe TBI is necessary (8). 

Although the exact pathophysiological 
mechanism of TBI is not fully elucidated, 
neuroinflammation has been proposed as a 
highly plausible mechanism. Typically, after 
TBI a large amount of cytokines and 
chemokines will be released and an acute 
inflammatory response occurs in the central 
nervous system that can exacerbate the damage 
caused by TBI (4, 9). Theoretically, limiting 
neuroinflammation after head trauma can lead to 
reduced mortality and disability, which support 
the promising potential benefit of anti-
inflammatory agents in treatment of patients 
with TBI (10-11). There is a growing body of 
evidence that confirms the anti-inflammatory 
properties of statins, besides their cholesterol-
lowering effect (5, 12-14). Statins can increase 
neurogenesis, suppress apoptosis, reduce 
microglial activity and ultimately reduce 
inflammation-induced astroglial activation (13, 
15-16). In addition, it was shown that statins 
have beneficial effects on neurological diseases 
such as Alzheimer's disease (17-18) and 
Parkinson's disease by modulating inflammation 
(19-21). Several animal studies, demonstrated a 
neuroprotective and also a significant positive 
effects of statins on TBI-induced inflammation 
(22-23). However, very few human studies have 
been conducted to evaluate the efficacy of 
statins in patients who suffered from TBI, with 
conflicting results. One study suggested the 

potential benefit of statins in patients with TBI, 
while this finding was not confirmed by other 
studies (24-26).  

Due the paucity of information and few 
small studies with conflicting results regarding 
the efficacy of statins in patients with TBI, the 
aim of this study was to evaluate the effect of 
simvastatin on the clinical outcomes of patients 
with severe TBI. 
 
METHODS 
 
Study design and sample: In a double-blind, 
randomized clinical trial, a total of 98 patients 
with severe TBI who were hospitalized in Imam 
Khomeini Hospital, Sari, Iran, were enrolled 
between October 2018 and February 2019.  

Patients who meet the inclusion criteria 
were randomly allocated to two equally sized 
groups (intervention and control). In addition to 
supportive therapies, patients in intervention 
group received the oral simvastatin (Poursina 
Pharmaceutical Co. Tehran-Iran; 40 mg, daily) 
for 10 days, and the control group received the 
placebo (10 days) in addition to supportive 
therapies. Simvastatin or placebo was 
administered through nasogastric tube. The 
safety profile of simvastatin at doses up to 40 
mg has been well-documented (27) 

 

Inclusion and exclusion criteria: The inclusion 
criteria were aged 18-60 years, no allergy to 
statins, non-use of NSAIDs, corticosteroids, 
statins, severe brain injury with glasgow coma 
scale (GCS)≤8 when presenting to the 
emergency department, no intracranial lesions in 
the brain CT scan requiring neurosurgical 
intervention, no history of autoimmune, cardiac, 
respiratory, neuromuscular, hepatic, or renal 
diseases. Patients with GCS score >8, 
simultaneous injury to other organs that required 
surgical intervention, presence of sepsis during 
the first 72 hours of admission to hospital, and 
history of drug poisoning were excluded from 
the study. 
 

Randomization and blinding: Patients who 
fulfilled the inclusion criteria, were randomly 
allocated into two equally sized groups, using a 
computer-generated list of random numbers by a 
nurse who was unaware of the study groups. 
Also, therapists were unaware of how the 
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patients were divided into the groups.  Patients' 
outcomes were evaluated by an ICU nurse who 
was blinded to the study group. 
 

Data collection: Data were collected using a 
researcher-made checklist that includes patients' 
demographic and clinical characteristics such as 
age, sex, occupation, chronic illness mechanism 
of trauma and GCS score that was evaluated at 
the admission, discharge and one month later. 
Also, duration of mechanical ventilation, and 
length of ICU and neurosurgery ward stay were 
measured. 
 

Outcomes: The primary outcome of this study 
was changes in patients' GCS score during the 
study period at three times: at admission [T1], 
discharge [T2] and one month after discharge 
[T3]. The main secondary outcomes were, in 
hospital mortality, duration of mechanical 
ventilation and length of ICU and neurosurgery 
ward stay.  
 

Ethical consideration: This study was 
conducted after obtaining the approval of 
institutional ethics committee. In this study, the 
researchers received the informed consent from 
a surrogate decision maker of all participants, 
after explaining the aim of the study. The study 
was registered in the Iranian Registry of Clinical 
Trials Database (IRCT20180802040668N1). 
 

Sample size: We performed power calculation 
for our study. The power (1-β) was estimated 
around 0.98 by G*Power software 3.0.10 for 
current study with α=0.05, total sample size=98, 
effect size=0.4 and the correlation among 
repeated measures=0.8 when the GCS score was 
the dependent variable. 
 

Statistical analysis: Descriptive statistics were 
expressed as means ± standard deviation and/or 
median (interquartile range) and/or frequency 
(percentage) where appropriate. All quantitative 
data were tested for normality using the Shapiro-
Wilk test. The two groups were compared in 
terms of baseline characteristics using Student’s 
t-test for age and the chi-square or Fisher’s exact 
test for dichotomous variables.  

The comparison of the mean score of GCS 
was fulfilled with Mann–Whitney U-test 
between the simvastatin and control groups at 

each time points (T1 to T3). Additionally, we 
categorized the score of GCS as mild, moderate 
and severe to calculate a risk ratio (RR) to 
estimate the efficacy of the treatment. A severe 
TBI has been defined as GCS 3-8, a moderate 
injury as GCS 9-12, a mild injury as GCS 13-14, 
a conscious GCS 15. We used a generalized 
estimating equation (GEE) model to examine 
changes in GCS score after adjusting for sex 
among the simvastatin and control groups from 
baseline to the end of study. The incidence of 
mortality and its 95% confidence interval (CI) 
was calculated using the binomial exact method 
in STATA software. A Mann–Whitney U-test 
was applied alongside an estimation of Cohen's 
d to compare secondary outcomes between the 
groups of the study.  

All statistical tests were two-tailed, and a 
P<0.05 was considered statistically significant. 
Data were analyzed using the SPSS software 
package (version 16.0, SPSS Inc., Chicago, IL, 
USA) and STATA version 13.0 (Stata Corp, 
College Station, TX, USA). GEE and making a 
plot were also carried out by Minitab software 
13.0 (Minitab Inc, State College, PA, USA).  
 
RESULTS 
 
Ninety eight patients were enrolled in the study 
at T1 (admission time). Thirty seven patients 
completed the study at T2 (discharge) and T3 
(one month after discharge) in simvastatin 
group. The number of patients who ended the 
study in the control group was 32 at time points 
T2 and T3 (Figure 1).  

Basic demographic and clinical 
characteristics of the included patients have been 
shown in Table 1. 
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Figure 1: Flow chart of the study 
 
 
Table 1: Basic demographic and clinical characteristics of the patients in both groups 
 

 Group p-value 
Simvastatin (n = 49)  Control (n = 49) 

Age, year  38.0 ± 13.0 36.6 ± 11.4 0.57a 
Sex   Male  32 (65.3) 34 (69.4) 0.83b 

Female  17 (34.7) 15 (30.6) 
Trauma mechanism  Auto accident  18 (36.7) 17 (34.7) 0.91b 

Motorcycle accident  15 (30.6) 14 (28.6) 
Pedestrian  16 (32.7)  18 (36.7) 

Vegetative state  8 (16.3) 9 (18.4) 1b 
Data are presented as mean ± standard deviation or number (percentage). 
a p-value was obtained with Student’s t-test. 
b p-value was obtained with chi-square test. 
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Primary outcome 
 

Glasgow coma scale (GCS) and severity of 
traumatic TBI: All admitted patients to the ICU 
had severe TBI. The percentage of conscious 
patients was 18.9% (7 cases) in the simvastatin 
group and 3.1% (1 case) in controls (P=0.06) at 
T2. At the end of study (T3) the proportion of 
conscious patients significantly increased in the 
simvastatin group compared to control group 
(64.9 % [24 cases] versus 28.1 % [9 cases]; 
P=0.002). 

At T2 (discharge), the percentage of 
patients with mild TBI was 24.32% (9 cases) in 
simvastatin group compared to 6.25% (2 cases) 
in control group (P = 0.02). At T3 (one month 
after discharge), the percentage of patients with 
mild TBI decreased to 10.81% (4 case) in the 
patients under simvastatin therapy. However, the 
proportion of mild TBI patients had a raise in 
control group at T3 (37.5%, 12 cases). At T3, 
the difference of patients with mild TBI between 
two groups was not significant (P=0.21). At time 

point T2, the percentage of patients with mild to 
moderate TBI in simvastatin and control groups 
were 81.08% (30 cases) versus 96.88% (31 
cases), respectively; P = 0.06. A reduction in 
patients with mild to moderate TBI was found 
after simvastatin treatment and control at T3 
time point, 35.13% (13 cases) in simvastatin 
groups in comparison with 71.87% (23 cases) in 
control group (P=0.002). 

At T2, the patients with moderate severity 
of TBI in simvastatin group was 56.76% (21 
cases) compared to 90.62% (29 cases) in control 
group (P=0.002). At T3, 24.32 percent (9 cases) 
of patients under treatment with simvastatin 
linger to moderate TBI state. However, the 
proportion of moderate TBI state in control 
group was 34.37% (11 cases) (P=0.35). There 
were not patients with severe TBI at T2 and T3 
in the simvastatin and control groups. The 
severity of TBI at all-time points (T1 to T3) in 
both groups are provided in Table 2. 

 

 

 
Table 2: Severity of TBI at time points in both the groups. 
 
 

 T1 T2 T3 
Simvastatin 

n = 49  
Control 
n = 49 

Simvastatin 
n = 37  

Control 
n = 32 

Simvastatin 
n = 37  

Control 
n = 32 

Conscious   0 (0) 0 (0) 7 (18.9) 1 (3.1) 24 (64.9) 9 (28.1) 
Mild 0 (0) 0 (0) 9 (24.32) 2 (6.25) 4 (10.81) 12 (37.5) 
Mild to moderate 0 (0) 0 (0) 30 (81.08) 31 (96.88) 13 (35.13) 23 (71.87) 
Moderate 0 (0) 0 (0) 21 (56.76) 29 (90.62) 9 (24.32) 11 (34.37) 
Severe  49 (100) 49 (100) 0 (0) 0 (0) 0 (0) 0 (0) 

T1: At admission, T2: At discharge, T3: At one month after discharge, ή There were not any patients with severe 
TBI.  
  
 

There was no significant difference for the mean 
of GCS score between the simvastatin group and 
control group at T1 (6.41 ± 1.30 versus 6.41 ± 
1.28, respectively; P = 0.98). The mean score of 

GCS in patients under treatment with 
simvastatin significantly was greater than 
controls at T2 and T3 (Figure 2). 
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Figure 2: Changes of mean score of GCS in patients in two groups 
 
CI: confidence interval, GCS: Glasgow coma scale, T1: At admission, T2: At discharge, T3: At one month after 
discharge 
Data are presented as mean ± standard deviation. 
P-values were obtained with Mann–Whitney U test after  

After controlling the sex's effect, GEE analyses 
revealed that, overall, GCS score were higher in 
the simvastatin group than in the control group 
(coefficient=- 0.45, standard error: - 0.23, 
P=0.04, adjusted R2: 0.81%).  

SECONDARY OUTCOMES  
 

Length of mechanical ventilation (MV): The 
median (interquartile range) of length of MV 
was 9 days (4 – 14) in the simvastatin group 
compared to 11 days (5 - 14) in the controls (P = 
0.69). The estimated Cohen’s d for the length of 
MV between the groups was - 0.08, 95% CI -
0.47 to 0.32. 
Length of ICU stay: The median (interquartile 
range) of length of ICU stay was 10 days (5 - 
15) in the simvastatin group compared to 12 
days (8 - 16) in the controls (P = 0.26). The 
estimated Cohen’s d for the length of ICU stay 
between the groups was - 0.23, 95% CI - 0.62 to 
0.17. 

Length of neurosurgery ward stay: The 
median (interquartile range) of length of 
neurosurgery ward stay was 5 days (4 - 7) in the 
simvastatin group compared to 6.5 days (4.5 - 
9.5) in the controls (P = 0.30). The estimated 
Cohen’s d for the length of neurosurgery ward 
stay between the groups was - 0.24, 95% CI - 
0.64 to 0.15.  
Mortality: The incidence of mortality was 24.49 
per 100 cases (95% CI 12.01 to 36.97) in 
simvastatin group and 34.69 per 100 cases (95% 
CI 20.88 to 48.51) in control group; 11 cases in 
simvastatin group versus 17 cases in controls 
(P=0.26). Additionally, no significant adverse 
effects were observed and reported in this study.  
 
DISCUSSION 
 
The results of this study showed that simvastatin 
had a significant effect in improving GCS scores 
of patients with severe TBI. Also, patients who 
received simvastatin had a non-significant lower 
rate of mortality, length of mechanical 
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ventilation, ICU and neurosurgery ward stay, 
compared to control group.  

Previous animal studies demonstrated the 
anti-inflammatory, pleiotropic and 
neuroprotective effects of statins after severe 
TBI (28-30). Also, they were also less likely to 
lose tissue and brain function, which could 
ultimately improve post-TBI outcomes (31). On 
the other hand, the results of animal study in 
Taiwan demonstrated the positive 
neuroprotective effect of simvastatin with 
antioxidants combination (23). In contrast, the 
results of a study in patients with subarachnoid 
hemorrhage do not support a beneficial effect of 
simvastatin in these patients (32). The possible 
explanation for this discrepancy may be due to 
differences in the study population, statin type, 
and prescribed dose. In line with the results of 
this study, Naghibi et al. showed that patients 
who suffered from TBI and received simvastatin 
had a higher GCS score at discharge in 
comparison with control group (24). In the 
present study, patients who received simvastatin 
showed a significantly higher score of GCS 
during discharge and one month after discharge 
than the placebo group, which was consistent 
with a study in the United States (33). In an 
animal experiment, Abrahamson et al. showed 
that simvastatin therapy can effectively decrease 
post-injury beta-amyloid peptide levels and 
ameliorate pathological squeal of TBI (34). In 
another in-vivo study it has been shown that 
simvastatin significantly attenuates TBI-induced 
depression-like behavior via its anti-
neuroinflammation properties in the 
hippocampus (35). The results of a study by Lu 
et al. indicated that using either simvastatin or 
atorvastatin in TBI rat model, can significantly 
promote neurogenesis and TBI-induced 
angiogenesis, enhance spatial learning, and 
decrease neuronal loss, with the superior 
therapeutic benefits of simvastatin (36). 
However, the results of an observational study 
did not support the efficacy of statin use in 
patients with moderate to severe TBI (16). 

The results of our study showed that, 
although the simvastatin group had a 2 days 
shorter length of ICU stay compared to control 
group, this difference was not statistically 

significant. This finding is consistent with the 
results of other studies that demonstrated the 
beneficial effects of statin in reducing the length 
of critically ill ICU patients (24, 33, 37). The 
length of ICU stay greatly depends on a variety 
of factors, including neurological status, 
nosocomial infections, multi-organ failure, and 
previous respiratory failure that requires 
mechanical ventilation. Therefore, it is difficult 
to reliably determine whether statin use reduces 
or increases the length of stay in the ICU (33). 

In our study patients who received 
simvastatin had a lower mortality rate in 
comparison with control group. However, the 
differences was not statistically significant. 
Contrary to the results of the present study, 
Lokhandwala et al. (33) and Khokhar et al. (38) 
showed that using statins has a significant 
relationship with reducing mortality in patients 
with TBI. Based on previous evidence, in 
justifying this difference, statins are expected to 
be associated with an increase in patients' GCS 
scores, improved mental status, improved 
neurological, mental and memory status, and 
consequently reduced patient mortality in the 
ICU. But some factors such as a history of 
previous underlying illnesses, the severity of the 
initial injury, the likelihood of involvement with 
nosocomial infections, and other complications 
of the disease process can in part explain the 
different prognosis (33). On the other hand, 
another important factor is the effect of previous 
use of statins due to previous underlying disease. 
The results of a study showed that older adults 
with TBI who were treated with statins 
previously had a 76% lower risk of in hospital 
mortality and 13% higher functional recovery 
(39). Therefore, it is recommended to consider 
the previous consumption of statins and other 
confounding factors in future studies. No 
significant side effects have been reported in our 
study. It has been previously indicated that 
statins are usually well tolerated by the patients, 
with an excellent safety profile and no 
significant side effects, especially in short term 
use (40-41). Lack of information about other 
measures for evaluating patients' neurologic 
function, such as modified Rankin Scale (mRS), 
Glasgow Outcome Scale (GOS), and Barthel 
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Index (BI), and also pattern of intracranial injury 
are some limitations of this study that should be 
considered. 

In conclusion, according to the results of 
this study it seems that using simvastatin is an 
effective, well tolerated, relatively safe and easy 
administration modality for improving GCS 
score during TBI recovery.  
 
ACKNOWLEDGEMENT 
 
The authors would like to express their sincere 
gratitude to the deputy of research and 
technology, Mazandaran University of Medical 
Sciences, Sari, Iran for the financial support of 
this study.  
 
REFERENCES 
 
1. Cooper D, Nichol A, Bailey M, Bernard S, 

Cameron P, Pili-Floury S, et al. Effect of 
early sustained prophylactic hypothermia on 
neurologic outcomes among patients with 
severe traumatic brain injury: the POLAR 
randomized clinical trial. JAMA. 
2018;320(21):2211-20. 

2. Maas A, Menon D, Adelson P, Andelic N, 
Bell M, Belli A, et al. Traumatic brain 
injury: integrated approaches to improve 
prevention, clinical care, and research. 
Lancet Neurol. 2017;16(12):987-1048. 

3. Sulhan S, Lyon K, Shapiro L, Huang J. 
Neuroinflammation and blood–brain barrier 
disruption following traumatic brain injury: 
Pathophysiology and potential therapeutic 
targets. J Neurosci Res. 2020;98(1):19-28. 

4. Sorby-Adams A, Marcoionni A, Dempsey 
E, Woenig J, Turner R. The role of 
neurogenic inflammation in blood-brain 
barrier disruption and development of 
cerebral oedema following acute central 
nervous system (CNS) injury. Int J Mol Sci. 
2017;18(8):1788. 

5. Pearn M, Niesman I, Egawa J, Sawada A, 
Almenar-Queralt A, Shah S, et al. 
Pathophysiology associated with traumatic 
brain injury: current treatments and potential 
novel therapeutics. Cell Mol Neurobiol. 
2017;37(4):571-85. 

6. Stocchetti N, Zanier ER. Chronic impact of 
traumatic brain injury on outcome and 

quality of life: a narrative review. Critical 
Care. 2016;20(1):148. 

7. Anghinah R, Amorim RLO, Paiva WS, 
Schmidt MT, Ianof JN. Traumatic brain 
injury pharmacological treatment: 
recommendations. Arq Neuropsiquiatr. 
2018;76(2):100-3. 

8. Galgano M, Toshkezi G, Qiu X, Russell T, 
Chin L, Zhao LR. Traumatic Brain Injury: 
Current Treatment Strategies and Future 
Endeavors. Cell Transplant. 
2017;26(7):1118-30. 

9. Jassam Y, Izzy S, Whalen M, McGavern D, 
El Khoury J. Neuroimmunology of 
traumatic brain injury: time for a paradigm 
shift. Neuron. 2017;95(6):1246-65. 

10. Jansen J, Lord J, Thickett D, Midwinter M, 
McAuley D, Gao F. Clinical review: Statins 
and trauma-a systematic review. Crit Care. 
2013;17(3):227. 

11. Xiong Y, Mahmood A, Chopp M. Current 
understanding of neuroinflammation after 
traumatic brain injury and cell-based 
therapeutic opportunities. Chin J Traumatol. 
2018;21(3):137-51. 

12. Ziebell J, Morganti-Kossmann M. 
Involvement of pro-and anti-inflammatory 
cytokines and chemokines in the 
pathophysiology of traumatic brain injury. 
Neurotherapeutics. 2010;7(1):22-30. 

13. Kumar A, Loane D. Neuroinflammation 
after traumatic brain injury: opportunities 
for therapeutic intervention. Brain Behav 
Immun. 2012;26(8):1191-201. 

14. Robertson C, McCarthy J, Miller E, Levin 
H, McCauley S, Swank P. Phase II clinical 
trial of atorvastatin in mild traumatic brain 
injury. J Neurotrauma. 2017;34(7):1394-
401. 

15. Li B, Mahmood A, Lu D, Wu H, Xiong Y, 
Qu C, et al. Simvastatin attenuates 
microglia, astrocyte activation and decreases 
IL-1β Level following traumatic brain 
injury. Neurosurgery. 2009;65(1):179. 

16. Whyte J, Ketchum J, Bogner J, Brunner R, 
Hammond F, Zafonte R, et al. Effects of 
statin treatment on outcomes after traumatic 
brain injury. J Neurotrauma. 
2019;36(1):118-25. 



            Effect of Oral Simvastatin in Patients with Brain Injury                    Shafiee S. et al 
 
 
 

 
 

 
 

815 

17. Höglund K, Blennow K. Effect of HMG-
CoA reductase inhibitors on β-amyloid 
peptide levels. CNS Drugs. 2007;21(6):449-
62. 

18. Wolozin B, Manger J, Bryant R, Cordy J, 
Green R, McKee A. Re-assessing the 
relationship between cholesterol, statins and 
Alzheimer's disease. Acta Neurol Scand 
Suppl. 2006;185:63-70. 

19. Huang X, Chen H, Miller W, Mailman R, 
Woodard J, Chen P, et al. Lower 
low-density lipoprotein cholesterol levels 
are associated with Parkinson's disease. J 
Mov Disord. 2007;22(3):377-81. 

20. Wahner A, Bronstein J, Bordelon Y, Ritz B. 
Statin use and the risk of Parkinson disease. 
Neurology. 2008;70(16 Part 2):1418-22. 

21. Wolozin B, Wang S, Li N, Lee A, Lee T, 
Kazis L. Simvastatin is associated with a 
reduced incidence of dementia and 
Parkinson's disease. BMC Med. 
2007;5(1):20. 

22. Wang K, Chen H, Lu K, Liliang P, Liang C, 
Tsai Y, et al. Simvastatin attenuates the 
cerebral vascular endothelial inflammatory 
response in a rat traumatic brain injury. Ann 
Clin Lab Sci. 2014;44(2):145-50. 

23. Wang K, Wang H, Chen H, Liliang P, Liang 
C, Tsai Y, et al. Simvastatin combined with 
antioxidant attenuates the cerebral vascular 
endothelial inflammatory response in a rat 
traumatic brain injury. Biomed Res Int. 
2014;2014. 

24. Naghibi T, Madani S, Mazloomzadeh S, 
Dobakhti F. Simvastatin's effects on survival 
and outcome in traumatic braininjury 
patients: a comparative study. Turk J Med 
Sci. 2016;46(1):1-5. 

25. Neilson SJ, See AA, King NK. Effect of 
prior statin use on outcome after severe 
traumatic brain injury in a South-East Asian 
population. Brain Inj. 2016;30(8):993-998. 

26. Peng W, Yang J, Yang B, Wang L, Xiong 
XG, Liang Q. Impact of statins on cognitive 
deficits in adult male rodents after traumatic 
brain injury: a systematic review. Biomed 
Res Int. 2014;2014:261409. 

27. Pedersen TR, Tobert JA. Simvastatin: a 
review. Expert Opin Pharmacother. 2004; 
5(12):2583-96. 

28. Chen XR, Besson VC, Beziaud T, Plotkine 
M, Marchand-Leroux C. Combination 
therapy with fenofibrate, a peroxisome 
proliferator-activated receptor alpha agonist, 
and simvastatin, a 3-hydroxy-3-
methylglutaryl-coenzyme A reductase 
inhibitor, on experimental traumatic brain 
injury. J Pharmacol Exp Ther. 
2008;326(3):966-74. 

29. Chen G, Zhang S, Shi J, Ai J, Qi M, Hang 
C. Simvastatin reduces secondary brain 
injury caused by cortical contusion in rats: 
possible involvement of TLR4/NF-kappaB 
pathway.Exp Neurol. 2009;216(2):398-406. 

30. Turkoglu OF, Eroglu H, Okutan O, Gurcan 
O, Bodur E, Sargon MF, et al. Atorvastatin 
efficiency after traumatic brain injury in 
rats. Surg Neurol. 2009;72(2):146-52. 

31. Wible E, Laskowitz D. Statins in traumatic 
brain injury. Neurotherapeutics. 
2010;7(1):62-73. 

32. Vergouwen M, Meijers J, Geskus R, Coert 
B, Horn J, Stroes E, et al. Biologic effects of 
simvastatin in patients with aneurysmal 
subarachnoid hemorrhage: a double-blind, 
placebo-controlled randomized trial. J Cereb 
Blood Flow Metab. 2009;29(8):1444-53. 

33. Lokhandwala A, Hanna K, Gries L, Zeeshan 
M, Ditillo M, Tang A, et al. Preinjury 
Statins Are Associated With Improved 
Survival in Patients With Traumatic Brain 
Injury. J Surg Res. 2020;245:367-72. 

34. Abrahamson EE, Ikonomovic MD, Dixon 
CE, DeKosky ST. Simvastatin therapy 
prevents brain trauma-induced increases in 
beta-amyloid peptide levels. Ann Neurol. 
2009;66(3):407-414. 

35. Lim SW, Shiue YL, Liao JC, Wee HY, 
Wang CC, Chio CC, et al. Simvastatin 
Therapy in the Acute Stage of Traumatic 
Brain Injury Attenuates Brain Trauma-
Induced Depression-Like Behavior in Rats 
by Reducing Neuroinflammation in the 
Hippocampus. Neurocrit Care. 
2017;26(1):122-132. 



           Ethiop J Health Sci.                               Vol. 31, No. 4                       July 2021 
 

 
 
 

816 

 

36. Lu D, Qu C, Goussev A, Jiang H, Lu C, 
Schallert T, et al. Statins increase 
neurogenesis in the dentate gyrus, reduce 
delayed neuronal death in the hippocampal 
CA3 region, and improve spatial learning in 
rat after traumatic brain injury. J 
Neurotrauma. 2007;24(7):1132-46. 

37. Makris D, Manoulakas E, Komnos A, 
Papakrivou E, Tzovaras N, Hovas A, et al. 
Effect of pravastatin on the frequency of 
ventilator-associated pneumonia and on 
intensive care unit mortality: open-label, 
randomized study. Crit Care Med. 
2011;39(11):2440-6. 

38. Khokhar B, Simoni-Wastila L, Slejko J, 
Perfetto E, Zhan M, Smith G. Mortality and 
associated morbidities following traumatic 
brain injury in older Medicare statin users. J 
Head Trauma Rehabil. 2018;33(6):E68. 

39. Schneider E, Efron D, MacKenzie E, Rivara 
F, Nathens A, Jurkovich G. Premorbid statin 
use is associated with improved survival and 
functional outcomes in older head-injured 
individuals. J Trauma Acute Care Surg. 
2011;71(4):815-9. 

40. Ramkumar S, Raghunath A, Raghunath S. 
Statin Therapy: Review of Safety and 
Potential Side Effects. Acta Cardiol Sin. 
2016;32(6):631-639. 

41. Hu M, Cheung BM, Tomlinson B. Safety of 
statins: an update. Ther Adv Drug Saf. 
2012;3(3):133-144. 


