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ABSTRACT    

 Sepsis is a life-threatening organ dysfunction caused by a dysregulated host response to infection. Statins 

[Hydroxymethylglutaryl-CoA reductase inhibitors] not only lower cholesterol levels but also have been 

proposed as adjunctive therapy in sepsis due to their pleiotropic effects. They act on several stages in 

sepsis: the generation of proinflammatory cytokines, modulation of leukocyte and monocyte functions, 

and reduction of oxidative stress as well as improvement in endothelial function and platelet activity. 

However, it has been argued if the observed beneficial effect of statins in sepsis is related to preadmission 

or post-admission use of statins. Also, the positive impact of statins on the clinical outcome of patients 

with sepsis has shown conflicting results. Accordingly, this review will discuss recent evidence regarding 

the use of statins in sepsis. Also, adequate use of statins based on the right drug, at the right time, at the 

right dose and in the right population will be discussed. The information in this review shows that the 

effect of statins is a drug, not a class effect, with the most effective drug in sepsis being simvastatin. 

Besides, it highlights the importance of proper timing and dosing of statins to manifest their antibacterial 

and pleiotropic effects. Finally, the effect of statins in sepsis is restricted to early phases of sepsis or 

sepsis prevention, not sepsis complicated with organ dysfunction or septic shock. However, more in vivo 

and clinical trials are required to determine the final decision about statin use in sepsis. 
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1. INTRODUCTION 

Statins [Hydroxymethylglutaryl-CoA 

reductase inhibitors] are the major and most 

effective therapeutic classes to lower cholesterol 

levels. However, due to their pleiotropic effects, 

statins have been proposed for the treatment of 

other conditions. The pleiotropic effects of statins 

are mainly related to their anti-inflammatory, 

anti-proliferative, antioxidant, neuroprotective, 

immunomodulatory, anti-diabetic and 

antithrombotic effects. Also, improving 

endothelial dysfunction and attenuating vascular 

remodeling, inhibition of Rho and its downstream 

target, Rho-associated coiled-coil-containing 

protein kinase [ROCK], their agonistic action on 

peroxisome proliferator-activated receptors 

[PPARs] and their anti-bacterial effect are among 

the important pleiotropic effects of statins [1, 2], 

Fig. 1. Based on those mechanisms, statins have 

been proposed to have a beneficial effect on 

sepsis. 
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Fig 1. Statins Possible mechanisms and Effects in sepsis 

Note NFκB, nuclear factor kappa-light-chain-enhancer of activated B cells; IL, interleukins; TNFα, Tumor necrosis factor;  

CRP, C-reactive protein;  NADPH, oxidase nicotinamide adenine dinucleotide Phosphate-oxidase; TF, tissue factor; PAI-1, 

plasminogen activator inhibitor-1; LFA -1, Leukocyte function-associated antigen; MHC II, Major histocompatibility class II; 

TLR-4, Toll-like receptor 4;  LPS, Lipopolysaccharides. 

Sepsis is a life-threatening organ dysfunction 

caused by a dysregulated host response 

to infection [3, 4]. Hence, treatments that can 

reduce the impaired immune reaction in sepsis 

have been the focus of many studies in the last 

decade [5]. Accordingly, statins have been 

proposed as adjunctive therapy in sepsis. 

Observational studies have shown that outcome 

of sepsis was improved in patients who were on 

statins before admission to the hospital [6, 7]. On 

the other hand, randomized controlled trials 

[RCT] did not detect any positive impact when 

using statins in patients with sepsis post-

admission [5]. In the current review, this 

contradiction will be argued at multiple levels.  

1.1. THE HEALTHY USER EFFECT 

The healthy user effect is a term used to 

describe patients on statins who tend to have a 

constellation of healthier attitudes and hence 

better outcomes in the majority of systemic 

diseases [5]. There is a debate relating to whether 

or not the protecting impact of preadmission use 

of statins was only owing to the healthy 

user effect. Possible healthy-user bias and ways 

to regulate it was discussed by Lee et al. [7]. 

First, depending on predefined criteria for the 

serum lipid profile of the patients, reimbursement 

of statins in Taiwan is without co-payment. 

Second, they used validated codes for geographic 

areas which are highly related to the degree of 

urbanization to control socioeconomic status. 

Additionally, they controlled the insurance 

premium categories as a proxy for the private 

economic position. Moreover, proxies for several 

lifestyle factors were controlled. The main 
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proxies were morbid obesity or alcohol-related 

disorders. Besides, to further ensure that they 

controlled healthy user bias, they decided to 

compare the propensity score [PS] matched non-

users to the amount of dental scaling for statin 

users. No significant change was shown in the 

latter comparison [7]. 

1.2. SYSTEMATIC REVIEW CRITIC
 

A systematic review and meta-analysis by 

Pertzov et al. concluded that using statins in the 

treatment of adult patients with sepsis is not 

recommended [8]. However, this was criticized 

by Zhou and Tang in 2019 who mentioned that 

this meta-analysis included a limited number of 

studies that can result in random errors and false 

results such as false-negative errors [type II 

errors]. To prove their point, they conducted a 

trial sequential analysis [TSA] to help in dealing 

with random errors and in calculating the optimal 

information size. The results of TSA showed that 

12151 patients had optimal information, which is 

much more than the real number of 2562 patients 

[13 studies in total]. The general boundary line or 

any adjusted boundary line was not crossed by 

the z curve to favor the intervention group or 

control group proposing that future research is 

still required [9, 10]. Also, the latter study 

mentioned that  Pertzov et al. criteria were 

incorrect where they incorporated studies of 

septic patients, as well as, those with infection 

and on mechanical ventilation [11-15]. They 

highlighted the importance of differentiating 

between the definition of sepsis as a composite of 

systemic inflammatory response and infection 

and the definition of infection alone. This 

definition was based on the 2001 Society of 

Critical Care Medicine [SCCM] / The European 

Society of Intensive Care Medicine [ESICM], the 

American College of Chest Physicians [ACCP], 

the American Thoracic Society [ATS], and the 

Surgical Infection Society [SIS] International 

sepsis definitions conference, which was adopted 

by Pertzov et al. [8, 9]. Also, they mentioned that 

the study by Shao 2016 had no available data on 

mortality and hence should have been excluded 

[16]. Accordingly, including publications of non-

septic patients plus the bounded number of 

studies comprised might undervalue the actual 

impact of statins on septic patients and make 

them appear ineffective.  

1.3. STATINS ADMINISTRATION 

ASPECTS 

Before closing the issue of using statins in 

sepsis, it would be reasonable to address some 

important aspects, including the use of the right 

drug, at the right time, in the right dose and right 

population. Those aspects will be discussed 

below:
 

1.3.1. RIGHT DRUG (DRUG EFFECT NOT 

CLASS EFFECT) 

In 2016, new proof proposed that statins can 

change the bacterial virulence and have direct 

antibacterial effects [2]. Statins were suggested as 

an adjunctive host-directed therapy which is a 

cheap and useful substitute for the management 

of diseases produced by intracellular pathogens. 

The proposed mechanism is enhancing host 

defense mechanisms and inhibiting pathological 

inflammation and therefore decreasing mortality 

caused by infectious diseases in humans. The 

intermediates of the host mevalonate pathway are 

inhibited by statins at the cellular level, so 

undermining the survival of pathogens and their 

immune evasion strategies [17]. Those 

antibacterial or anti-virulence effects are not 

directly related to their capacity to reduce lipids 

but may be statin-specific [2]. For instance, 

although rosuvastatin lowers lipids to a greater 

extent than simvastatin,  it was accompanied with 

less antibacterial effects than simvastatin [18] 

Moreover, the study by Lee et al. in 2018  

evaluated mortality and statin prescription data 

from the Taiwan National Health Insurance 



Future of statins in sepsis: a review on its safety and efficacy 23 

Database from 2000-2011. The authors reviewed 

mortality data at 30- and 90-days in 52,737 

patients diagnosed with sepsis. The statins used 

were atorvastatin, simvastatin, and rosuvastatin. 

All patients in the statin group included were on 

statins for at least 30 days before sepsis onset. 

Also, patients on multiple kinds of statins were 

excluded. There were no significant differences 

in comorbidities or other medications taken 

among the three statin groups or the non-users. 

The specific effect of statins on 30-day mortality 

revealed that simvastatin provided the greatest 

benefit on mortality [28% risk reduction], 

followed by atorvastatin [22% risk reduction]. 

The positive impact of statins was significant for 

the three statins at 90 days, although it was 

decreased. By applying 1:1:1 PS matching, a 

head-to-head comparison was conducted. The 30-

day mortality was significantly lower in 

simvastatin and atorvastatin compared to 

rosuvastatin. This positive impact of statins on 

mortality was not related to their potency in 

lowering lipids, but to statin's in vitro 

antibacterial activity, [5]. A review evaluating the 

antimicrobial effects of statins showed that 

simvastatin was the statin with the most potent 

antibacterial activity. The difference in chemical 

characteristics of simvastatin from pravastatin 

and atorvastatin has been suggested to be the 

reason behind the better antimicrobial activity of 

simvastatin compared to pravastatin and 

atorvastatin. Pravastatin and simvastatin are 

semi-synthetic forms that are derivatives of a 

metabolic product of Penicillium citrinum called 

lovastatin, while atorvastatin is the pure synthetic 

form. Also, pravastatin is hydrophilic, whereas, 

simvastatin and atorvastatin are lipophilic. 

Hence, those factors suggest that simvastatin may 

cross easily the cell membrane which leads to 

inhibition of the bacteria depending on the dose. 

On the other hand, atorvastatin had no 

antimicrobial activity despite its lipophilicity. 

This may be explained by the fact that 

atorvastatin is not obtained from a fungal 

metabolite [19].  

It is worthy to mention that two studies were 

performed in animals to assess the role of statins 

in sepsis in the past 2 years. Braga et al. in 2018 

concluded that using simvastatin as an adjuvant 

in the treatment of sepsis could be a good option 

to control the signs and changes the poor 

prognosis of sepsis and its associated conditions 

[20]. Those findings were reinforced by Qin et al. 

in 2019 which revealed that denovo simvastatin 

has a role in mitigating the symptoms of early 

sepsis [21]. Results of the latter two studies were 

supported in a human study published by our 

group in 2016. The study results showed that 

using 40 mg simvastatin in intensive care unit 

patients with early sepsis resulted in a significant 

reduction in Intensive Care Unit [ICU] length of 

stay [ICU LOS] either in total patients or after 

repeated test on alive patients. Also, simvastatin 

arm reduced mortality in comparison with the 

standard control arm but failed to reach statistical 

significance [22]. Besides, a recent study showed 

that simvastatin protects the vascular 

endothelium in rats with sepsis. In the latter 

study, simvastatin significantly reduced blood 

serum pseudo hemophilia factor (vWF),  

thrombomodulin (TM), platelet-activating factor 

(PAF), antithrombin-Ⅲ (AT-Ⅲ) levels in sepsis 

thus it can protect vascular endothelial from 

damage and improve coagulation disorders in 

sepsis [23]. 

1.3.2 TIMING 
 

An important point to appraise is the timing of 

using statins and whether their effect on sepsis is 

related to the timing of starting statins. The two 

groups suggested are either those who were 

already on statins or those who received denovo 

treatment. An observational study by Lee et al., 

2017 found that using statins before admission 

showed a small and significant improvement in 
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survival when compared with patients who did 

not receive statins before. This favorable impact 

on survival was more obvious in patients with 

lower severity. Thus, prophylaxis from sepsis 

using statins in high-risk patients like those who 

are immunocompromised or have a history of 

sepsis may be promising [7]. Also, Hu et al., 

2019 examined the advantages of statins on the 

long term prognosis of patients who had survived 

sepsis. They included a total of 220,082 patients 

with the first episode of sepsis who had been 

hospitalized between 1999 and 2013. The results 

showed that 134,448 [61.09%] of them were 

alive at discharge. The users of statins were 

defined as the alive patients who were on statins 

at a concentration of more than 30 cumulative 

Defined Daily Doses [cDDDs] during post-sepsis 

discharge. The study showed that statins may 

have the capability to reduce the long-term 

mortality of patients who survived after sepsis. 

Yet, more data is required to prove the results 

[24]. This effect was not proven in any RCT. The 

use of statins before hospital admission was 

mostly evaluated in observational studies, while 

RCTs assessed the usage of statins for the first 

time after hospital admission. An exception was 

an RCT performed by Kruger and colleagues 

who reported that patients who were already on 

statins for two weeks or more had a 23% lower 

28-day mortality, while no effect was observed in 

those who used statins for the first time at the 

hospital. However, the results of the latter study 

were not generalized because of its small sample 

size [25]. Another important issue to discuss is 

whether certain treatment duration is needed for 

statins to manifest their anti-inflammatory 

properties. Plenge et al. conducted a crossover 

double-blind trial which showed that statin 

therapy of at least 14 days is needed to decrease 

C-reactive protein serum levels [26]. Also, a 

meta-analysis that included eight RCTs 

conducted by Chen et al. reported an opposite 

correlation between the time on statins before 

admission and the risk of occurrence of atrial 

fibrillation postoperatively. The latter analysis 

showed that patients who were on statins for > 90 

days duration had better survival than those who 

were on statins for 7–90 days duration [27]. 

Additionally, regarding RCTs, the majority were 

conducted on critically ill patients with severe 

sepsis or septic shock. However, it was proposed 

by Lee et al, 2017 that using only statins is not 

enough to positively change the outcome of 

severely ill patients. In their subgroup analysis, it 

was suggested that previous use of statin did not 

have favorable effects in severely ill patients who 

require ICU admission or mechanical ventilation 

[7]. Similarly, Chen et al., 2013 evaluated the 

impact of adequate empirical antibiotic therapy 

on bloodstream infections. They reported that 

adequate empirical antibiotic therapy in patients 

with high mortality in Emergency Department 

Sepsis (MEDs) scores did not display a 

considerable favorable effect while it was clearer 

in patients with a lower MEDS scores [28]. 

1.3.3 RIGHT DOSE 

1.3.3.1. PLEIOTROPIC EFFECTS 

Preclinical studies show that the threshold for 

an anti-inflammatory effect of statins surpasses 

that its effect in lowering lipids. The 

observational study by Van der Meij et al., 2013 

offers obvious evidence for a dose-dependent but 

highly selective effect of statins on vascular 

inflammation [29]. Similarly, Ou et al. proved 

that high-potency statins and low potency statins 

were associated with a 20% and 11% reduced 

risk of 1-month mortality after sepsis, 

respectively. Those receiving at least 10 mg 

rosuvastatin, at least 20 mg atorvastatin, or at 

least 40 mg simvastatin were defined as high-

potency statin users, while those receiving all 

other statin treatments were defined as low-

potency statin users [30]. It is worth mentioning 

that low statin doses have proangiogenic effects 

[31], which may be fatal in severe sepsis [32]. 

https://doi.org/10.1124%2Fpr.111.004994
https://doi.org/10.3109%2F07853890.2015.1029967
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1.3.3.2. ANTIBACTERIAL EFFECTS
 

Statins‘ effect on in vitro virulence of some 

pathogens is promising but is restrained by the 

need for high concentrations to achieve 

significant results [2]. The blood concentrations 

attained in patients undergoing statin therapy 

were found to be a thousand times less than 

concentrations associated with antimicrobial 

properties [33]. Nevertheless, this can be 

conquered by combining antibiotics with the use 

of sub-inhibitory concentrations of statins. 

Although promising, the evidence of using this 

combination of statins with antibiotics may be 

statin/pathogen-specific. Also, the risk of adverse 

effects due to drug-drug interactions should be 

considered [2]. 

Also, it has been shown that simvastatin 

causes bacterial inhibition in a dose-dependent 

manner [19]. Hence, the two major concerns of 

using simvastatin as anti-bacterial are its safety in 

higher doses and whether concentrations of 

antimicrobials found in vitro would be attainable 

in blood, bearing in mind its poor solubility [19]. 

Currently, a new simvastatin nanostructured lipid 

carrier‘s formulation [SV-NLCs] is under 

investigation that may enhance available in vivo 

concentration hence increase the efficacy. 

1.3.4. RIGHT POPULATION 

The three major types of sepsis are bacterial, 

viral, and fungal sepsis. While similar in 

symptoms, each has its mechanism of action. 

Additionally, the etiologies and immune 

mechanisms of these types differ enough that a 

distinct patient base can be identified for each 

one. General treatment, such as broad-spectrum 

antibiotics, without knowing the origin of sepsis 

may exacerbate symptoms and result in a 

significant rise in morbidity and mortality [34]. 

Moreover, many factors contribute to an 

individual's outcome in sepsis. This difference in 

outcome is mainly because sepsis originates from 

different causes, affects various groups of 

patients, with differing severity, and is greatly 

changed by the presence of comorbidities [35]. 

Lee et al. mentioned that although most RCTs 

evaluating the role of statins in sepsis were on 

severely ill patients in the ICU, the positive 

impact of statins did not occur in patients needing 

to be admitted to the ICU or patients with acute 

organ dysfunctions [5]. They accredited that to 

the fact that the potential benefits of statins are 

principally by decreasing inflammation via 

intracellular signaling, lowering catecholamine 

levels, or decreasing Toll-like receptor activation 

by pathogen-associated molecular patterns 

[PAMPs]. Also, at large doses, statins have 

antiangiogenic and antioxidant effects, which 

may avoid the progress of severe sepsis. 

However, high levels of substances like 

lipopolysaccharides and lipoteichoic acids [i.e 

catecholamines and PAMPs] lead to a primary 

pro-inflammatory response in early sepsis. 

Primary inflammation is concurrently associated 

with the initiation of anti-inflammatory feedback 

and in certain cases, the secondary inflammatory 

response may be produced by secondary 

infections. In case there is a progression in sepsis, 

vagal stimulation occurs because of the 

pathogenic bacteria to reduce catecholamines and 

halt the immune system of the host. After the 

onset of sepsis, additional pro-inflammatory 

factors arise slightly later after the start of sepsis 

which includes cachexia, protein catabolism, 

persistent inflammation and anti-inflammatory 

factors [defects in adaptive immunity] [36]. It is 

worth mentioning that role of statins in sepsis 

was underestimated when studies assessed their 

role in septic patients with and without ARDS  

This is evidenced by a recent study that showed 

that pretreatment with pravastatin in sepsis 

appears to prevent intestinal hypoxia through the 

improvement of the intestinal microvascular 

oxygenation. However, this effect is abolished by 
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additional hypercapnia, signifying why 

pravastatin therapy in septic ARDS patients 

might not be beneficial [37]. 

1.4.  STATINS CONTROVERSIAL ISSUES
 

A pragmatic definition of statin intolerance 

has been suggested by the Canadian Consensus 

Working Group 2016. They defined goal 

inhibiting statin intolerance as a clinical 

syndrome characterized by significant symptoms 

and/or biomarker abnormalities that prevent long 

term use of and adherence to indicated use of 

statins as documented by challenge/de-

challenge/re-challenge, when appropriate, using 

at least two statins, including atorvastatin and 

rosuvastatin, that is not due to drug-drug 

interactions or untreated risk factors for 

intolerance [e.g. untreated hypothyroidism], and 

leading to failure to maintain therapeutic goals as 

defined by national guidelines.  [38]. 

Nevertheless, true identification of statin toxicity 

or intolerance remains hindered by a lack of clear 

definitions and biomarkers [39]. Difficulties in 

the identification and diagnosis of statin 

intolerance, particularly concerning muscle 

symptoms, led to a controversy in its prevalence 

[40]. Observational studies propose it happens in 

10% to 15% of patients, [41, 42] with clinic data 

reporting to reach 30% [43, 44]. On the other 

hand, the incidence is suggested to be 1.5% to 

5% of patients in RCTs, although this is probably 

an underestimation because patients with a 

history of statin intolerance either before 

randomization or during the run-in period are 

usually excluded [38, 41, 45, 46]. 

1.4.1. STATIN-ASSOCIATED MUSCLE 

SYMPTOMS [SAMS] 

Statin-associated muscle symptoms [SAMS] 

are the most prevalent and important adverse 

event of statins where 72% of all statin adverse 

events being muscle-related [47]. These can 

present as myalgia, myopathy, myositis with 

elevated CK [creatinine kinase], or 

rhabdomyolysis, with some people reporting 

additional joint and abdominal pain [48]. Other 

skeletal-related side effects include 

tendinopathies and tendon disorders, as well as 

arthralgias, although these are rarely evaluated in 

large RCTs [49]. Several groups have worked to 

provide a unified definition and diagnostic 

approach for SAMS [50, 51]. Risk factors to 

SAMS are either drug-related risk factors 

[Lipophilic and high dose statin] or patient-

related [history of myopathy with another lipid-

lowering drug, unexplained cramps, high 

creatinine kinase, low body mass index, untreated 

hypothyroidism, old age, and female sex]. Other 

risk factors include vitamin D deficiency and 

calcium disorders [39]. Retrospective, cross-

sectional, and meta-analysis reveal an association 

between low vitamin D levels and myalgia in 

patients on statin therapy [52, 53]. A recent 

secondary analysis trial has shown that monthly 

vitamin D supplementation results in improved 

adherence to statin medication in older adults on 

long-term statin therapy [54]. 

1.4.2. THE LIVER INJURY  

On starting any statin, about 0.5–2.0% of 

patients show a mild elevation in liver 

transaminases within 3 months of its initiation. 

However, this is unlikely to be clinically relevant 

[55, 56]. Ironically, based on some studies, 

statins have been shown to have clinical benefits 

in patients with liver disease, including non-

alcoholic fatty liver disease [NAFLD], 

cholestatic liver diseases, and cirrhosis. Statins 

have demonstrated improvement in functional 

alterations and liver histology in patients with 

NAFLD, while also decreasing the risk of 

cardiovascular events [57]. Additionally, a 

reduction in portal hypertension in patients with 

cirrhosis, and reduction in the risk of 

decompensation and death in this population 

have been shown with statin use [58]. Hence, 
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although, statin use was not recommended for 

many years in patients with elevated liver 

enzymes, there is promising evidence in their 

possible positive effects in patients with liver 

disease [59]. 

1.4.3. NEW-ONSET TYPE 2 DIABETES 

MELLITUS [DM] 

Treatment with statins has led to a moderate 

rise in the risk of newly diagnosed DM of about 

one case per 1000 patients per year of exposure 

and has been shown to prevent five new coronary 

vascular diseases [CVD] events in genetic studies 

and RCTs. People with metabolic syndrome or 

prediabetes have a higher risk of this adverse 

effect. However, patients should be calmed that 

the beneficial effects of statins in protecting from 

CVD offset the potential risk from the increase in 

glucose level in plasma, especially in individuals 

with increased HbA1c [60]. 

1.4.4. NEUROLOGICAL AND 

NEUROCOGNITIVE CONDITIONS 

Epidemiological studies have shown that high 

cholesterol levels are associated with increased 

risk of Alzheimer‘s disease [61, 62], leading to 

the assumption that improving vascular function 

with statin therapy might be helpful in the 

context of many pathologies causing dementia 

[63]. On the contrary, statins have been proposed 

to be harmful to cognitive function due to their 

cholesterol-lowering effect [64]. Nevertheless, 

the brain-blood barrier and the reality that the 

brain is largely self-sufficient regarding 

endogenous cholesterol synthesis justifies the fact 

that statins have a direct effect on the brain [65]. 

1.4.5. RENAL TOXICITY 

There is a disagreement concerning the effects 

of statins on renal function. All statins are 

metabolized by the liver and minimally cleared 

by the kidney except for hydrophilic statins 

[pravastatin and rosuvastatin]. Also, mild 

transient proteinuria sometimes occurs when 

using high doses of statin, but this does not lead 

to renal impairment [60]. Of interest, the use of 

atorvastatin has been proposed to reduce 

inflammation and improve kidney function after 

transplantation [66]. 

1.4.6 CORONARY ARTERY 

CALCIFICATION  

Statins act as mitochondrial toxins that 

damage the function of the muscle in the heart 

and blood vessels through the consumption of 

coenzyme Q10 and B heme A and thus adenosine 

triphosphate [ATP] generation. Besides, they 

block the synthesis of vitamin K2, the cofactor for 

matrix Gla-protein activation, which leads to 

protecting arteries from calcification. Moreover, 

impairment of selenoprotein biosynthesis which 

leads to congestive heart failure and reminiscent 

of the dilated cardiomyopathies seen with 

selenium deficiency has been related to statins. 

Nevertheless, information regarding the exact 

statin that leads to coronary artery calcification is 

not well defined [67].  

1.4.7. CANCER 

The carcinogenicity of statins has been related 

to their lipid-lowering effects [68]. However, also 

they have been suggested to prevent colorectal 

cancer [69]. Ravnskov U et al. criticized the 

latter study by discussing that cancer has been 

associated with low cholesterol levels measured 

10 to 30 years before diagnosis in nine studies 

and that evidence associating statins with cancer 

is much stronger. [68, 70] Also, several studies in 

humans and animals have associated statins with 

carcinogenicity [70]. Currently, it is challenging 

to prove either assumption.
 

1.4.8. MICROBIOME-MEDIATED 

EFFECT
 

Recent studies have demonstrated a role for 

statins in modulating microbiome composition, 
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with statin therapy resulting in profound 

remodeling of the gut microbiota, hepatic gene 

deregulation, changes in bile acid pool size and 

composition, as well as metabolic alterations in 

mice through a pregnane X receptor-dependent 

mechanism [71]. Simvastatin has been shown to 

influence gut-derived metabolites which may 

impact response to the drug, as well as the 

development of adverse events [72]. 

1.5. DRUG-DRUG INTERACTIONS 

The most common drugs associated with 

statin drug interactions are glucocorticoids, 

antipsychotics, human immunodeficiency virus 

protease inhibitors, azole antifungal agents, 

immunosuppressive drugs, macrolides, calcium 

channel blockers, and lipid-modifying drugs like 

gemfibrozil. Additionally, interactions can also 

occur with alcohol, opioid, and cocaine abuse 

[73]. Despite that, the variability in statin 

disposition in terms of metabolizing enzymes and 

transporters, as well as inter-individual 

differences in the activity of Cytochrome 

[CYP450] enzymes and transport proteins, makes 

statin drug-drug interactions hard to anticipate  

[74]. 

1.6. CHALLENGES 

Statins are tempting candidates for use in 

several therapeutic indications due to their 

pleiotropic effects, safety record, efficacy, and 

affordability. However, there are still several 

important questions that need to be answered. 

The first issue to be addressed is the direct 

antibacterial activity of statins. They have the 

qualities of antimicrobial resistance [AMR] 

―breakers‖, however, their role in synergizing 

with antibiotics, and capability to prompt the host 

immune system, is limited. This is because their 

ongoing wide use for cardiovascular protection 

might lead to selective pressures for resistance, 

paradoxically leading statins to be AMR 

"makers". The study by Ko et al, addressing that 

matter concluded that among statins, simvastatin 

may be the best statin tailored for use as a novel 

adjuvant antibiotic. At present, the evidence is 

still in favor of considering statins as AMR 

breakers, but their probability of being AMR 

makers cannot be ruled out [36]. Besides, there is 

a necessity for a complete understanding of 

statins' chemical properties and the exact 

mechanism of action. Besides, caution to 

significant drug-drug interaction especially with 

drugs that are metabolized by the same 

cytochromes as statins, which were primarily 

examined in the form of small- scale trials [17]. 

Finally, a new formulation is under investigation 

to enhance the simvastatin very low oral 

bioavailability [<5%] and lengthen its lipid-

lowering effect. A nanostructured lipid carrier 

[NLCs] of the antihyperlipidemic drug 

simvastatin was developed to enhance its 

bioavailability. As compared to the simvastatin 

suspension, oral administration of a single dose 

of simvastatin-NLC resulted in a 4-fold increase 

in bioavailability. Therefore, NLCs might offer 

efficient and hopeful drug delivery systems to 

increase simvastatin oral bioavailability [75]. 

Moreover, a recent study showed that endothelial 

barrier function can be restored by using 

simvastatin-NLCs preparations through restoring 

endothelial cell migration, which is involved in 

the regulation of the 

PDGFRβ/PI3K/Akt/IQGAP1 pathway and 

platelet‐derived growth factor PDGF‐BB 

secretion. As an applicable formulation for 

restoring endothelial dysfunction, simvastatin- 

NLCs may be more effective than simvastatin 

[76]. 

CONCLUSION 

Effect of statins is a drug, not a class effect, 

with the most effective drug in sepsis being 

simvastatin. Besides, statins require proper time 

and dosing to manifest their antibacterial and 

pleiotropic effects. Finally, based on that review, 
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current evidence suggests that the effect of statin 

in sepsis is restricted to early phases of sepsis or 

sepsis prevention, not sepsis complicated with 

organ dysfunction or septic shock. However, 

more in vivo and randomized clinical trials are 

required to determine the final decision about 

statin use in sepsis
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