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ABSTRACT

Statins are drugs that, through blocking hydroxy-methylglutaryl coenzyme A reductase, can decrease low-density
lipoprotein (LDL) and triglyceride blood levels. With apparent efficacy, these drugs protect blood vessels and reduce the
risk of cardiovascular events and strokes. However, like other drugs, statins can cause side effects, such as muscle pain,
diabetes, gastrointestinal disorders, dementia and cognitive diseases, even if there is contradictory evidence that statins
by lowering cholesterol levels may be protective in the brain. Here, we report some side effects of statins and their impact
on the central nervous system (CNS).

KEYWORDS: statin, side effect, neurological, CNS, dementia

INTRODUCTION

Statins are a class of drugs that lower low-density lipoprotein (LDL) cholesterol in subjects with aortic, coronary, or
carotid stenosis and protect against ischemic attacks, strokes, and cardiovascular events. These drugs have beneficial
effects, reducing the frequency of heart attacks and lowering the frequency of mortality (1). Statins are hydroxy-methyl-
glutaryl-coenzyme A (HMG-CoA) reductase inhibitors which the body tolerates very well. However, they cause side
effects such as muscle symptoms, diabetes mellitus, and brain disorders. The risks of side effects due to these lipid-
lowering drugs are less than the benefits of lowering cholesterol levels. Patients taking statins may present myalgia in 9-
20% of cases and may develop, albeit rarely, autoimmune myopathy and rhabdomyolysis (2). In addition, antibodies to
HMG-CoA reductase may be generated, which could cause the symptoms associated with statins. However, the diagnosis
of statin side effects is complex, and if these effects do occur, switching treatment to other lipid-lowering drugs is
advisable.

Rhabdomyolysis

Rhabdomyolysis can occur (with a frequency of less than 10%) or can be amplified in patients taking statins (3). It is
a disease involving skeletal muscle tissue breakdown with symptoms of muscle weakness, myalgias, and reddish-brown
urine. In this disease, there may be a nonspecific increase in creatine kinase (CK) levels with renal impairment,
representing a diagnostic element. CK, also called creatine phosphokinase (CPK), is an enzyme produced by a striated
muscle that catalyzes the reaction of creatinine into phosphocreatine with the consumption of ATP. CK is found in the
bloodstream after muscular exertion or after taking statins (4). The increase in CK can occur after prolonged physical
exercise in athletes who do not take statins. Elevated CK levels represent a sensitive laboratory index of muscle injury
and often aid in diagnosing statin-associated symptoms. Therefore, the statin treatment of patients with high CK levels
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should always be considered. The appearance of rhabdomyolysis in subjects taking statins is very low and depends on the
dose, advanced age, physical disability, a lower body mass index, and on the general physical condition of the patient (5).
There is a correlation between dosage and symptoms; the higher the dose, the higher the frequency of statin-associated
symptoms (2). Statins are mainly processed and catabolized in the liver by cytochrome P450 which transforms lipids into
hydrophilic complexes that are subsequently eliminated (6) (Fig.1).
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Fig. 1. Statin is processed and catabolized through cytochrome P450 in the liver and increases creatine kinase, an
enzyme produced by striated muscle which converts creatinine into phospho creatinine through the consumption of
ATP. These reactions lead to muscle damage and pain.

Diabetes mellitus

Additionally, it has been reported that subjects treated with statins may develop diabetes mellitus with blood glucose
values above 100 mg/dl (7); this appears to have a higher incidence in older women than in men. The mechanism of action
of statins on diabetes mellitus is not yet clear, but it is known that low blood cholesterol levels are associated with an
increased risk of diabetes (8); this is because cholesterol could affect the pancreatic production of insulin with an alteration
of glucose metabolism, although the risk is low and exceeded by the beneficial effects of statins (9). Furthermore, in
addition to the benefits of statin therapy, their preventive use could prevent vascular events, including myocardial
infarction and stroke, and interrupting therapy could cause brain and heart damage (10).

Neurological complications

Statins can also cause undesirable effects on the brain system and, in particular, on cognition. It is known that increased
fat in the bloodstream correlates to the onset of some neurological symptoms, including dementia (11). In some cases,
statin treatments reduce the incidence of these brain diseases and therefore protect the brain (12). However, statins appear
to reduce cognitive dysfunction risk, which could be important in degenerative diseases such as Alzheimer’s (13).
Although there are not many studies on the effect of statins on the CNS, cholesterol inhibition could affect brain function,
but this is quite unlikely since cholesterol has no active participation in the brain (14). In support of the thesis that statins
protect the CNS, data shows that these cholesterol inhibitors can enhance neuron learning function, inhibit amyloid-beta,
and reduce brain inflammation (15-17).

Furthermore, low cholesterol levels caused by statin treatment can cause a mild depressive syndrome, also related to
the lowering of serotonin (18). However, all these CNS effects of statins still need to be confirmed. Furthermore, because
statins can cause muscle problems, they could affect the myocardium, although there are currently no satisfactory
scientific articles on the direct effect of these drugs on the myocardium (19). Therefore, it would be interesting to study
the biological effects of statins on myocytes in vitro to improve their efficacy and possibly reduce the side effects, if any.
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CONCLUSIONS

Here, in this short review, we can conclude that statins can increase CK, causing muscle pain, and may have effects

on the brain that are not yet clear. However, it seems that they could be protective since the lowering of cholesterol leads
to better cerebral blood circulation, resulting in the improvement of cognitive functions and the inhibition of inflammatory
parameters (20).
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