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Article Information  Abstract 

Article history:  Background: Disturbance in glucose tolerance  is a significant risk factor for cardiovascular 

diseases. Statins are commonly prescribed to lower cholesterol levels, but their potential 

effects on glucose tolerance and induction of type 2 diabetes have drawn attention. Aim: This 

review highlights the connection between statin medications and glucose homeostasis. 

Methods: An extensive literature search has been conducted on various electronic databases 

such as PubMed, Scopus, Web of Science, and Science Direct. Conclusions: Different 

mechanisms are hypothesized and could be responsible for this pleiotropic effect of statins 

on glucose homeostasis. Many clinical trials and meta-analyses have reported a significant 

controversy regarding statins-induced glucose tolerance/intolerance depending on the type 

of statin and dosage. This urges the researchers to perform more studies to clarify this 

pleiotropic effect for each statin. Although the present knowledge regarding the impact of 

statins on glycemic index has been improved, several molecular/cellular aspects are yet to be 

determined. 
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1. Introduction 

 
 1 In 1971, Japanese biochemist Akira Endo created the 

first statin. Since then, statins have been one of the most 

prescribed drugs globally (1). These statins are well 

tolerated, safe, and have few adverse effects (2,3). Most of 

the cholesterol seen in the plasma comes from the internal 

synthesis that occurs in hepatocytes rather than from the 

food (4).The most important mechanism of action of statins 

is by blocking an essential step in the hepatic cholesterol 

manufacturing process via inhibiting the enzyme 3-

hydroxy-3-methyl-glutaryl-coenzyme A (HMG-COA) 

reductase, which lowers the synthesis of mevalonic acid. 

This reduced intracellular cholesterol concentration 

induces the synthesis of LDL receptors in hepatocytes to 

stimulate hepatic LDL reuptake from the circulation (5). As 

a result, statins are one of the most effective medications 

for preventing atherosclerotic coronary heart disease (6). 

They also lower blood triglycerides, decreasing their 
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cardiovascular (CV) risks attributed to their atherogenic 

dyslipidemia (7). Based on their effectiveness and potency 

in reducing LDL levels, statins can be categorized as 

follows: the first generation comprises fluvastatin, 

pravastatin and lovastatin; the second generation includes 

simvastatin and atorvastatin, while rosuvastatin and 

pitavastatin are among the third-generation (Figure 1) (8).  

According to their solubility in either water or lipid-

containing media, statins are often divided into hydrophilic 

and lipophilic categories, respectively. Hydrophilic statins 

(pravastatin and, to a lesser degree rosuvastatin) have 

higher hepatoselectivity and stay attached to the 

membrane’s polar surface, and need protein transporters 

to enter the cell to block the HMG-CoA reductase enzyme. 

Therefore, the capacity of hydrophilic statins to have non-

LDL effects at extrahepatic locales may be diminished by 

the liver–specific, and carrier-mediated mechanisms that 

are necessary for their uptake. Whereas the lipophilic 

statins (simvastatin, atorvastatin, pitavastatin, fluvastatin, 

and lovastatin) can act intracellularly by interact with the 

nearby acyl chains after passing into the membrane (8). 

Lipophilic statins  can enter extrahepatic cells and prevent 

the production of isoprenoid and coenzyme Q10 (CoQ10), 

which are mevalonic–derived compounds (9). The 

elimination of statins is also influenced by solubility, as 
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lipophilic statins are metabolized by the membrane-bound 

cytochrome P450 (CYP) enzyme, but hydrophilic 

atorvastatin is substantially removed unaltered (8). 

 

 

Figure 1. Structures and pharmacokinetic properties for 

different statins (10). 

 

On the other hand, several side effects have been reported 

due to statin use including myopathy, rhabdomyolysis, 

elevated liver enzymes, and acute renal failure. However, 

the most frequent adverse effect of statins is myalgia, with 

reported rates ranging from 1 to 10% (11). 

The most dangerous side effect of using statins is 

rhabdomyolysis, which happens very infrequently (less 

than 0.1%). Alcohol abuse, polypharmacy, and 

hypothyroidism are the most prevalent risk factors for 

statin-related myopathy. Up to 1% of individuals using 

statins experience abnormal results on liver function tests. 

However, the clinical relevance of this is unreliable (12). It 

has been hypothesized that fasting blood glucose levels 

were significantly elevated due to statins therapy, leading 

to an increased risk of new-onset diabetes mellitus (NODM) 

and increased rates of insulin resistance in individuals 

with preexisting impaired glycemic control. In addition, the 

researcher hypothesized that an increased statin dosage 

correlates with an intensified diabetogenic impact (13,14). 

This review aims to investigate the potential impact of 

statin medications on glucose homeostasis. Statin 

medication has been linked to a marked increase in fasting 

blood glucose levels, which has been hypothesized to raise 

the likelihood of developing new-onset diabetes mellitus 

(DM) and insulin resistance in people who already  have 

impaired glycemic control. 

 

 

 

 

2. Methodology   

Several high quality databases have been utilized in this 

review such as the PubMed (National Institutes of Health, 

National Library of Medicine), EMBASE, Scopus, Web of 

Science, and Science Direct databases. These database 

were chosen because of their comprehensive coverage, 

search functionality and containing high-quality, peer-

reviewed journals to ensure the information gathered is 

credible and reliable. The examination of databases for 

studies encompassed the terms “statin”, “atorvastatin”, 

“pravastatin” or “rosuvastatin” or “pitavastatin” or 

“cerivastatin” or “lovastatin” or “fluvastatin”,  “HOMA-IR”, “ 

glucose homeostasis model insulin resistance”, “glycated 

hemoglobin”, “HbA1c” and/or “AKT” within the title or 

abstract. The inclusion criteria involved researches 

published in English and conducted on humans, namely 

adults, and animals. Furthermore, exclusion criteria 

involved studies involving individuals with organ 

transplants, or renal disease, as these disorders influence 

glycemic management (de Leo et al., 2000; Muller et al., 

2021). This systematic review was conducted in accordance 

with the Preferred Reporting Items for Systematic Reviews 

and Meta-Analyses (PRISMA) standards (Moher et al., 

2010). In addition, to ensure a comprehensive view on the 

effect of statins on glucose metabolism, different designs of 

study were included in this review such as randomized 

Controlled Trials (RCTs), observational studies, Meta-

analyses, and both in-vivo and in-vitro Studies. 

 

3. Pleiotropic effect of statins  

The synthesis of cholesterol is strongly inhibited by statins. 

In clinical trials, statins have demonstrated benefits in 

primary and secondary prevention of coronary heart 

disease. Nevertheless, the overall advantages of statins 

seem to exceed the substantial benefits of lipid-lowering 

effect (15).Statins have cholesterol-independent “pleiotropic 

“effects Figure 2. such as they can improve endothelial 

function, increase the stability of atherosclerotic plaques, 

reducing oxidative stress and inflammation, and decrease 

thermogenic response. Moreover, statins have extrahepatic 

advantages on the CNS, immune system, and bone (16,17). 

 

 

Figure 2. Pleiotropic effects of statins. 
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The cardiovascular disease (CVD) is currently the most 

prevalent non-communicable disease worldwide in terms of 

morbidity and mortality. Evidence from mechanistic and 

genetic studies indicates that low-density lipoprotein 

cholesterol (LDL-C), which contains ApoB, is the causative 

agent of atherogenesis (10). Statins are effective in 

preventing coronary heart disease (18). Reduced hepatic 

cholesterol production may be the cause of decreased 

gallstone formation. Lower cholesterol also reduces platelet 

aggregation and consequently may prevent deep vein 

thrombosis and slow the progression of renal disease by 

reducing renal artery atherosclerosis (10,17). 

In patients with sinus rhythm, statins could be 

significantly linked with a decreased risk of atrial 

fibrillation (20). In addition, statins decrease recurrent 

angina episodes following acute coronary events and raise 

myocardial perfusion (21). Endothelial dysfunction is 

defined as a lack of endothelium-derived nitric oxide (NO), 

which is measured as a poor vasodilatory response to 

different stimuli (22). Satins reduce cardiomyocyte resting 

tension, decrease endomyocardial inflammation, and 

enhance NO bioavailability through tetrahydrobiopterin 

(BH4)-mediated endothelial NO synthase (eNOS) recoupling 

(23). In order to prevent endothelial dysfunction, it has 

been previously discovered that statins suppress the 

ectopic expression of miRNA-133a in vascular endothelial 

cells by targeting GTP cyclohydrolase (24). Statins can 

reduce oxidative stress in the heart, and blood vessels, and 

have anti-inflammatory effects (25). According to a review 

by Wang et al., (2007), numerous studies have 

demonstrated that statins inhibit the action of angiotensin 

II, limit sign transmission from membrane receptors, slow 

down the remodeling of the heart, and blood vessels, and 

stop the apoptotic process (26).  

In addition to their well-known effects in decreasing 

cholesterol, statins have a major effect on vasomotor 

function, which includes vasorelaxation and 

vasoconstriction. Statins can improve endothelial function 

in different ways, including the upregulation of endothelial 

nitric oxide synthase (eNOS), which raises NO production. 

This action lowers vascular resistance and enhances 

endothelium-dependent vasodilation (25,26). Furthermore, 

cardiovascular vasoconstriction has been shown to be 

diminished by statins. Statin therapy can reduce the 

impact of coronary spasms and enhance overall vascular 

reactivity in patients with vasomotor disorders (29). These 

results highlight the great cardiovascular advantages of 

taking statin therapy in addition to the cholesterol control. 

3.1. Glucose homeostasis  

Glucose homeostasis (or glucose tolerance) is described as 

the ability to metabolize exogenous glucose and preserve  

normal blood sugar levels whereas glucose intolerance is 

defined as a reduced capacity for glucose disposal (30). The 

levels of blood glucose are strictly maintained within a 

small physiological range to prevent hypoglycemia and 

hyperglycemia which could be fatal. The equilibrium 

between the liver's synthesis of glucose and the use of 

glucose by insulin-dependent tissues (like muscle and fat) 

and non-insulin dependent tissues (such as the brain)  is 

necessary for glucose tolerance (31). Other important 

factors determining glucose tolerance include the ability of 

pancreatic beta cells to release insulin (also known as 

acute insulin response to glucose or beta cell 

responsiveness), the capacity of insulin to prevent the liver 

from producing glucose, and the encouragement of 

peripheral tissue to use it (also known as insulin 

sensitivity).  

Type 2 diabetes is one of the most common metabolic 

diseases, commonly referred to as T2DM. The two main 

causes of it are the inability of insulin-sensitive tissues to 

react appropriately to insulin in addition to the defective 

production of insulin by pancreatic β-cells. There is strict 

regulation over the molecular processes that produce, 

release and detect insulin. This is because insulin activity 

and release are crucial mechanisms for preserving glucose 

homeostasis. If there are dysfunctions in any of the 

mechanisms underlying these processes, a metabolic 

imbalance may result in the disease's onset (32). 

 Laboratory tests such as oral glucose tolerance test (OGTT) 

≥ 200 mg/dl two hours after a 75 g oral glucose load, 

fasting blood glucose ≥ 126 mg/dl ,and glycated 

hemoglobin (HbA1c) > 6.5%, can be used to diagnose 

diabetes mellitus (33). Tolerance to glucose is measured 

using the oral glucose tolerance test, which involves 

consuming a glucose solution and monitoring glucose 

levels at regular intervals over the next two hours. Glucose 

tolerance can also be assessed after ingesting a 

carbohydrate-rich meal or after receiving an intravenous 

injection or infusion of glucose (34). The test is helps 

examine post-prandial responsive hypoglycemia, the 

equivocal diagnosis of T2DM, and gestational diabetes 

mellitus (GDM) (35). OGTT is recommended for pregnant 

women who have never been diagnosed with diabetes 

mellitus (DM), and who are between weeks 24 and 28 of 

gestation (28,36). It has good sensitivity for DM diagnostic 

screening, although it should ideally be used to diagnose 

DM in patients who are pre-diabetic or who have risk 

factors for the disease, such as obesity, a family history of 

DM, a previous diagnosis of GDM, or polycystic ovaries 

(37). 

3.2. Statins and glucose homeostasis  

Statins have been shown to impact glucose regulation in 

several ways, including influencing β-pancreatic cells' 

synthesis and secretion of insulin, insulin resistance, 

muscle and adipocyte uptake of insulin, and adipokine 

production (38). According to existing data, the majority of 

statins have negative side effects on the ability of diabetic 

patients to control their blood sugar levels. The LDL-C 

receptors in the pancreatic β cells increased their uptake of 

LDL-C as a result of statins' inhibition of de novo synthesis 

of cholesterol. This led to an increase in the production of 

plasma-derived LDL-C, which differed significantly from de 

novo synthesized cholesterol in several important ways 

(39,40).  
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A vital cellular metabolic process, the mevalonate pathway, 

also known as the HMG-CoA reductase pathway, is 

essential for the synthesis of sterol isoprenoids like 

cholesterol and non-sterol isoprenoids (41). Statins can 

affect and lower glycemic control because they inhibit the 

production of several metabolites that are considered 

determining factors in glucose uptake and insulin secretion 

and are typically produced during cholesterol synthesis in 

the mevalonate pathway such as isoprenoids, 

geranylgeranyl pyrophosphate (GGPP), farnesyl 

pyrophosphate (FPP), and ubiquinone (coenzyme Q10, 

CoQ10) Figure 3, (42,43). Research has been performed on 

the possible protective effects of coenzyme Q10 

(ubiquinone) against different drug-related adverse effects 

(44,45). Coenzyme Q10 has a role in mitochondrial energy 

synthesis. Statins lower levels of CoQ10, which may be the 

reason why adenosine triphosphate (ATP) is produced less 

frequently. Consequently, this impacts the energy balance 

of the cells and the release of insulin by the beta cells in 

the pancreas. A drop in ATP levels can interfere with the 

signaling required for insulin to work effectively, which can 

further complicate glucose metabolism (46). 

In addition, the glucose transporter 4 (GLUT4) is known to 

enhance glucose uptake when isoprenoids (FPP and GGPP) 

are present. Insulin resistance would result from GLUT4 

downregulation, which would also affect insulin action (47). 

Furthermore, statins  may also affect downstream signaling 

cascades and the insulin receptor substrate (IRS), both of 

which are critical for GLUT4 translocation to the plasma 

membrane, hence exacerbating insulin resistance (48). 

 

 

Figure 3. Diagram for statin-induced disruption of 

glucose metabolism (49) 

Usually, beta cells produce insulin in response to 

elevated blood glucose, a process that is dependent 

on Ca+2. Insulin secretion depends on cholesterol in 

the beta cell's plasma membrane, and consequently, 

reducing cholesterol levels lowers glucose-

stimulated insulin release by more than 50% (50). 

Therefore, it is necessary to strictly regulate the 

balance between the circulating and cellular levels. 

It is still unclear if statins affect glucose metabolism 

directly by affecting beta cells or through this state 

of equilibrium (51).  

A cohort follow-up study revealed a link between 

statin use and an increased risk of diabetes as well 

as decreased insulin sensitivity and secretion (52). 

Furthermore, as atorvastatin was consistently 

diabetogenic and pravastatin was only diabetogenic 

in insulin-resistance people, it has been suggested 

that there were differences in the diabetogenic 

effects of two general categories of statins (lipophilic 

vs hydrophilic). The dosage of statin therapy needs 

to increase continuously as dyslipidemia worsens. 

Determining whether this statin dosage has an 

increasing impact on glycemic control is therefore 

intriguing. There is differentiation noted between the 

various forms of statins when discussing their 

diabetogenic effects (53,55).  

Cui et al., (2018) performed a network meta-analysis 

of 23 trials to assess the overall effects of statin and 

statin dosage on hemoglobin A1c. Overall, in statin 

users, hemoglobin A1c increased by 0.11%. The 

greatest impact was with high-intensity atorvastatin, 

which causes LDL reduction of ≥ 50% in comparison 

with low or moderate intensity statins(56). It was 

associated with a mean increase of 0.63% while 

pitavastatin was associated with a reduction in 

hemoglobin A1c compared with all other statins 

(57). The Fremantle Diabetes Study, an 

observational study in Australia, found that low-

intensity statins were not associated with any 

change in hemoglobin A1c. However, moderate-

intensity statins were associated with a mean 

increase of 0.22% (P = 0.022); and high-intensity 

statins were associated with a mean increase of 

1.05% (P = 0.023) (58). 

Lifestyle factors and patient-specific characteristics 

are crucial for the statins-glucose homeostasis 

relationship. In terms of lifestyle factors effect, since 

regular physical activity and weight management 

can enhance insulin sensitivity and glucose 

metabolism, exercise and weight loss can counteract 

the disadvantageous effect of statins on glucose 

levels. Additionally, type of diet is crucial in 

regulating plasma glucose level as high refined 

carbohydrates can enhance insulin resistance and 

counteract the benefits of statin therapy. 

Furthermore, smoking can increase the risk of 

developing T2DM in patients taking statins, by 

further enhancing the metabolic effects induced by 

statins (13). 
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Furthermore, the evidence that statins increase the 

risk of type 2 diabetes is not consistent between all 

populations. It is higher among older patients as 

research suggests that older adults on high-

intensity statin therapy are even more vulnerable to 

type 2 diabetes than younger people (59). 

Physiological changes including insulin sensitivity 

and pancreatic function naturally deteriorate with 

age, and statin medication may make these declines 

worse (60). Besides, there are some other factors 

that raise this risk such as pre-existing conditions: 

comorbidities including obesity or metabolic 

syndrome put older adults at risk for diabetes (54). 

So choosing the right statin kind and dosage should 

be considered for those who are at risk of type 2 

diabetes.    

3.3. Rosuvastatin and glucose homeostasis 

Rosuvastatin is a new generation of HMG-CoA 

reductase inhibitor. It has various unique  

pharmacologic and pharmacokinetic characteristics 

such as it has little extrahepatic tissue penetration, 

low potential for CYP3A4 interactions, and 

substantial LDL-C lowering effect (61). Recent 

research trials investigated the potential benefit of 

this medication in both the prevention and 

treatment of cardiovascular disease in many 

populations, such as those with heart disease, 

kidney disease, DM, and older people, as well as its 

effect in combination with other lipid-lowering 

medications (61). The lipophilicity of rosuvastatin is 

higher than that of pravastatin, but it is lower than 

that of other statins like atorvastatin and 

simvastatin (61,62).  

Salunkhe et al., (2016) found a dual effect of 

rosuvastatin on glucose homeostasis in mice, both 

those on a normal diet (ND) and those on high-fat 

diet (HFD). In ND mice, rosuvastatin was able to 

reduce blood glucose levels through improved 

insulin sensitivity and increased glucose uptake in 

adipose tissue. However, rosuvastatin has another 

effect which is lowering insulin secretion and insulin 

content in islets when it was tested in vitro. The 

administration of rosuvastatin resulted in an 

impairment of Ca2+ signaling in beta cells, as well as 

an increase in the density of granules at the plasma 

membrane. It was shown that treatment with 

rosuvastatin led to a reduction in the release of 

compensatory insulin and an increase in the uptake 

of glucose (51). 

A prospective randomized controlled trial conducted 

on prediabetic individuals showed that 10 mg 

rosuvastatin treatment daily for 6 months could 

decrease insulin sensitivity and increase insulin 

resistance (64).  However, one year of 20 mg 

rosuvastatin treatment daily to type 2 diabetic 

patients led to impairment of glucose homeostasis 

and insulin secretion with no effect on insulin 

sensitivity. Additionally, rosuvastatin reduced 

inflammation, as well as enhanced endothelial 

function (65). So the previous studies showed 

different effects of rosuvastatin on glycemic control 

depending on the dose and duration of the 

treatment.   

Rosuvastatin significantly raised HbA1c levels by 

1.44% on average in the majority of studies in the 

sub-analysis of statin types. While the effects of 

rosuvastatin were not significant in those who had a 

high HbA1c or blood sugar level. In both people with 

normal HOMA-IR (below 2.15 (1.44 ± 0.44)) and 

subjects with initial high HOMA-IR (over 2.15 (3.45 

± 1.16), this marker of type 2 diabetes was 

considerably elevated by the presence of 

rosuvastatin (66). 

3.4. Atorvastatin and glucose homeostasis  

Patients with hypercholesterolemia and patients 

with hypertriglyceridemia have been  reported to 

experience dose-dependent reductions in total 

cholesterol, low density lipoprotein(LDL)-cholesterol, 

and triglyceride levels when they are treated with 

atorvastatin (67). 

As a lipophilic statin, atorvastatin has been shown 

to have adverse effects on glucose metabolism, 

especially in people who have diabetes or glucose 

intolerance. A study found that atorvastatin reduced 

the glucose level by suppressing the expression of 

Glucokinase  (GCK), and GLUT2 in the liver (68). 

Additionally, atorvastatin may lower the amount of 

the GLUT4 protein in adipocytes and prevent them 

from absorbing glucose. Moreover, by suppressing 

and altering skeletal muscle function, atorvastatin 

may also increase the risk of developing diabetes 

(Sun et al., 2018). According to Watson et al. (2006), 

GLUT4 expression and mobility are regulated by a 

variety of factors, such as mitogen-activated protein 

kinase (MARK) signals and protein kinase C isoform 

(PKCs) (69) . However, the precise mechanism by 

which statins modify GLUT4 gene transcription and 

function is still unknown. 

Cederberg et al., (2015) discovered that there is 

dose-dependent insulin secretion and insulin 

resistance when utilizing simvastatin and 

atorvastatin (52). Most studies and clinical 

investigations demonstrated that high-dose 

atorvastatin increased the incidence of new onset-

diabetes more than lesser doses (54). A slightly 

increased incidence of new onset of diabetes was 

linked to atorvastatin at moderate dosage. A clinical 

research study demonstrated a risk ratio of 1:10 for 

people taking atorvastatin 10 mg vs 80 mg (70,72).  

Moreover, the use of atorvastatin for a short period 

disrupts glucose homeostasis and inhibits LDLR 

expression in pancreatic islets in mice, indicating 

the importance of addressing the involvement of 

LDLR in the diabetogenic effect of statins through 

additional research (73). However, long-term 

treatment with atorvastatin did not have an effect on 
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glucose homeostasis in rabbits with normal blood 

cholesterol levels (74). More research is required to 

find the effect of the duration of treatment of 

atorvastatin on glucose homeostasis.  

Atorvastatin was shown to cause a substantial 

increase in HBA1c, with a mean difference of 0.24% 

when the participants had normal HbA1c readings 

below 6.5% (5.78± 0.28). If the patients have HbA1c 

values greater than 6.5% (7.71± 1.53), a substantial 

increase in HbA1c level was produced with a mean 

difference of 0.26%. HOMA-IR index was 

significantly elevated as a result of the 

administration of atorvastatin in both people with 

normal and high HOMA-IR (66) .  

3.5. Simvastatin and glucose homeostasis 

Simvastatin is the most commonly prescribed 

lipophilic statin since it effectively reduces LDL 

lipoprotein cholesterol levels, and lowers the risk of 

cardiovascular disease and death (75). It is a semi-

synthetic counterpart of lovastatin made from 

fermented Aspergillus terreus (76). Simvastatin is 

typically administered to patients at doses of 10, 20, 

or 40 mg daily; however, because of the elevated risk 

of muscle damage, the use of 80 mg/day has been 

prohibited (77).  

High dosages of simvastatin may have unfavorable 

pleiotropic effects, including a reduction in insulin 

secretion (75,76). It has been postulated that 

simvastatin reduces insulin secretion by limiting the 

rise of free [Ca2+] in the cytoplasm (39). According to 

a study by Yada et al., (1999), simvastatin inhibits β 

cell L-type Ca2+ channels and reduces insulin 

release. After 20 seconds of simvastatin injection, 

the amount of insulin released by L-arginine and 

potassium chloride was decreased (79). Islet β cell 

lines of MIN6 mice have been used to explain how 

simvastatin affects the secretion of insulin. When 

compared to normal control cells, simvastatin 

significantly decreased insulin production in a dose-

related manner. Insulin secretion was indirectly 

suppressed as a result of lower glucose transporter 

2 (GLUT2) levels. Simvastatin reduced the levels of 

adenosine triphosphate (ATP) in MIN6 cells, while 

simultaneously increasing the current in ATP-

sensitive potassium channels (KATP) and decreasing 

the L-type Ca2+ current. Simvastatin may also 

reduce insulin secretion by inhibiting membrane cell 

depolarization and calcium influx by raising the 

rectifier potassium channel current and lowering 

voltage-dependent Ca2+ channel 1.2 current (80).  

Additionally, the Study of Effectiveness of Additional 

Reductions in Cholesterol, Homocysteine (SEARCH) 

trial found that a slightly greater incidence of new-

onset diabetes was caused by high dosages of 

simvastatin (80 mg/day; 11.6%) compared to low 

doses (20 mg/day; 10.9%) (2). 

On the other hand, several investigations found that 

insulin levels were either increased or unchanged 

due to simvastatin use‏ (77,78). Simvastatin did not 

increase HbA1c when administered to individuals 

whose blood glucose levels were normal and in those 

with high HBA1c values exceeding 6.5% (66). In 

addition, the HOMA-IR index was significantly 

elevated as a result of the administration of 

simvastatin  in both people with normal and high 

HOMA-IR (66). Another study found that 

simvastatin can affect glucose homeostasis via PGC-

1α expression which is a regulator of mitochondrial 

biogenesis and muscle energy metabolism. In wild-

type and PGC-1α Knockout (KO) mice, simvastatin 

was found to negatively impact skeletal muscle 

insulin sensitivity whereas in PGC-1α 

overexpressing mice, it enhanced the uptake of 

glucose by the muscle (83).   

3.6. Pravastatin and glucose homeostasis 

Pravastatin is a first-generation statin that is used 

in the treatment of people who are at risk of 

developing cardiovascular disease. Pravastatin is a 

competitive inhibitor of hydroxymethyl glutaryl CoA 

reductase leading to increasing the expression of 

hepatic LDL receptors, which in turn results in a 

reduction in levels of LDL cholesterol in the 

bloodstream (84). Pravastatin is a very hydrophilic 

statin that is transported by certain organic anion 

transporters across hepatic cell membranes. It has 

poor systemic bioavailability and hepato-selectivity.  

The West of Scotland Coronary Prevention Study 

(WOSCOPS) demonstrated a significant reduction in 

the risk of developing type-2 diabetes in 

hypercholestremia patients treated with pravastatin 

(85). When pravastatin was administered to rats 

who were genetically susceptible to acquiring 

diabetes mellitus an increase in glucose metabolism 

and a reduction in glucose intolerance  occurred. In 

addition, Otani et a., (2010) suggested a preventive 

and therapeutic effect of pravastatin on the 

progression of DM and pancreatic fibrosis via 

exerting anti-inflammatory, anti-oxidative, and anti-

fibrotic effects in the OLETF rat (86). Early 

pravastatin treatment in a rat model of 

spontaneously emerging type II diabetes blocked 

coronary artery remodeling and left ventricular 

diastolic dysfunction while also delaying the 

formation of new DM. Therefore, they could be used 

to avoid cardiovascular problems in a population at 

risk of developing diabetes mellitus (87). 

Another study found that the dose of pravastatin is 

critical to modulate glucose homeostasis. The 

authors concluded that pravastatin, especially at 

the dose of 20 mg/kg/day is more effective in 

modulating carbohydrate metabolism and 

consequently, in ameliorating the negative effects of 

DM (88). In Alvarez-Jimenez et al., (2023), 
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pravastatin did not result in an increase in the level 

of blood glucose for those with normal blood glucose 

levels and in people with HBA1c 

values higher than 6.5%. Additionally, pravastatin 

decreased HOMA-IR in normal individuals. In 

contrast, pravastatin was found to significantly 

increase HOMA-IR in those individuals who had 

initial HOMA-IR values that were greater than 

2.15(66). 

3.7. Pitavastatin and glucose homeostasis 

The FDA approved pitavastatin as adjuvant therapy 

for primary and mixed dyslipidemia, helping to 

increase HDL and decrease total cholesterol, low-

density lipoprotein cholesterol (LDL), apolipoprotein 

B (Apo B), triglycerides (TG), and low-density 

lipoprotein cholesterol (LDL) (85,86). It has been 

approved to treat children older than eight years 

who have heterozygous familial 

hypercholesterolemia (HeFH) (91). 

According to the hazard ratio (HRs') meta-analysis, 

pitavastatin significantly decreased the incidence of 

new onset of diabetes mellitus and decreased 

insulin resistance in patients with type 2 DM higher 

than that of atorvastatin + rosuvastatin (90,91). In 

an in vitro study, it was found that pitavastatin-

treated pancreatic islet β-cells had a lower reduction 

rate of insulin secretion than those treated with 

atorvastatin or rosuvastatin. Additionally, the cell 

survival was better than those of other statins (94). 

Pitavastatin 1,2, or 4 mg/day was administered for 

five years to 6,580 individuals with 

hypercholesterolemia. It has been shown that 

pitavastatin dramatically lowers HbA1c in diabetic 

patients (40). Moreover, pitavastatin has been 

shown to have little effect on coenzyme Q10 in 

comparison with other statins that caused more  

reduction in coenzyme Q10 levels, which in turn 

impacts insulin secretion and glucose metabolism 

(95). Furthermore, pitavastatin medication increased 

the rate of glucose uptake by human skeletal 

muscle more than atorvastatin, pravastatin, or 

rosuvastatin (96).  

3.8. Fluvastatin and glucose homeostasis 

Fluvastatin, which was one of the first 

manufactured but the least effective statins, is most 

the frequently prescribed statins worldwide in the 

treatment of hypercholesterolemia. In addition to 

lowering total and LDL cholesterol, fluvastatin is 

given to avoid adverse cardiovascular dysfunction 

(97).  For long-term use, the fluvastatin dose is 

either 20 or 40 mg/day while 80 milligrams per day 

is the maximum tolerated dose to reduce blood LDL 

cholesterol levels. Compared to other statins, 

fluvastatin has a higher tendency to be dissolved in 

water and increases the risk of rhabdomyolysis as a 

most significant adverse effect (98).  

A study showed that the presence of diabetes 

increased the risk for cardiovascular complications 

after a first successful percutaneous coronary 

intervention by almost 2-fold more than those 

patients receiving a placebo (99). There was an 

increased risk for incident diabetes with 

atorvastatin, rosuvastatin, and simvastatin in a 

Canadian population-based retrospective cohort 

study that included more than 1.5 million people. 

On the other hand, people who were given 

fluvastatin did not experience a significantly 

elevated risk. Additionally, this study discovered a 

connection between the development of diabetes and 

the strength and dose of statins utilized. A high dose 

of statin has been linked to a lower risk of 

cardiovascular disease (CVD) but an increased 

chance of diabetes than low or moderate dosages 

(40). A meta-analysis of 32,752 individuals from five 

extensive clinical trials looked at the effect of statin 

therapy on the incidence of diabetes in 2011. The 

probability of acquiring new-onset diabetes was 12% 

greater for patients receiving intensive statin 

medication compared to moderate-dose statin 

therapy (100).  Even though fluvastatin has a 

positive impact on cholesterol levels, it does not 

increase insulin sensitivity or plasma adiponectin 

(101).  

3.9. Lovastatin and Glucose Homeostasis 

Lovastatin is the first discovered cholesterol-

lowering statin which was initially isolated from a 

strain of Aspergillus terreus (102). A population-

based retrospective analysis was carried out by 

Carter et al. (2013) with the participation of 471 250 

individuals who were treated with statins and were 

at least 66 years old before the study. Fluvastatin or 

lovastatin was administered to 11,923 patients. 

Atorvastatin, rosuvastatin, and simvastatin 

contributed to an increase in the risk of diabetes 

whereas fluvastatin and lovastatin did not raise the 

risk of type 2 diabetes (103). This finding is 

supported by another research which included 

379,865 non-diabetic individuals and found that 

lovastatin did not raise fasting glucose (13). Another 

study conducted on obese mice found that 

lovastatin can improve insulin sensitivity without 

affecting insulin levels (104). Moreover, it has been 

demonstrated by Sharkawi and coauthors that 

increased antioxidant and anti-inflammatory 

capacities of administration of both lovastatin and 

antidiabetic drugs (gliclazide and metformin) could 

lead to a combined hepatoprotective effect on 

streptozocin-treated diabetic rats (105). 
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4. Conclusion 

Although statins have a crucial impact on ameliorating 

cardiovascular disease they have complex effects on 

glucose homeostasis. Different mechanisms of action are 

responsible for this pleiotropic effect such as GLUT4 down-

regulation, decrease of LDLR expression, reduction of Ca2+-

dependent insulin secretion, and inhibition of isoprenoids, 

geranylgeranyl pyrophosphate (GGPP), farnesyl 

pyrophosphate (FPP), and CoQ10. Some statins have a 

negative impact on the glycemic index such as ator- rosu- 

and simvastatin while other statins have ameliorating 

effects such as pravastatin. It is highly recommended to 

further understand these mechanisms and reduce the risk 

of statins-induced diabetes. 
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 مناهج شاملة لتأثير الستاتينات على توازن الجلوكوز

 

 لخلاصةا

أن آثارها يعُد اضطراب تحمل الجلوكوز عامل خطر رئيسي لأمراض القلب والأوعية الدموية. توُصف الستاتينات عادةً لخفض مستويات الكوليسترول، إلا  :لمقدمةا

تسُلط هذه المراجعة الضوء على العلاقة بين أدوية الهدف:  كري من النوع الثاني قد لفتت الانتباه.المحتملة على تحمل الجلوكوز والتسبب في الإصابة بمرض الس

 Web ofو Scopusو PubMed أجُري بحث موسع في الأدبيات العلمية على قواعد بيانات إلكترونية مختلفة مثل المنهجية:الستاتينات وتوازن الجلوكوز. 

Science وScience Direct. طرُحت آليات مختلفة، وقد تكون مسؤولة عن هذا التأثير متعدد التأثيرات للستاتينات على توازن الجلوكوز. وقد  :نتاجالاست

على نوع الستاتين أشارت العديد من التجارب السريرية والتحليلات التلوية إلى جدل كبير حول تحمل/عدم تحمل الجلوكوز الناتج عن الستاتينات، وذلك بناءً 

لحالية فيما يتعلق ته. وهذا يحث الباحثين على إجراء المزيد من الدراسات لتوضيح هذا التأثير متعدد التأثيرات لكل ستاتين. على الرغم من تحسن المعرفة اوجرع

 .بتأثير الستاتينات على المؤشر الجلوكوزي، إلا أن العديد من الجوانب الجزيئية/الخلوية لم يتم تحديدها بعد

 

 مرض السكري؛ توازن الجلوكوز؛ مقاومة الأنسولين؛ الستاتينات. الكلمات المفتاحية :


