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Abstract: Statin drugs now carry a US Food and Drug Administration warning that they may increase the risk of diabetes mellitus and 

may worsen glycemic control in patients who already have diabetes. Meta-analyses indicate that statin therapy is associated with an 

increased risk for diabetes of approximately 9 %. The risk for incident diabetes may be associated with higher doses and potencies of 

statins. Mechanisms explaining the potentially higher incidence of type 2 diabetes with statin therapy have not been fully elucidated, and 

statins differ considerably in terms of their effect on glucose metabolism and ultimately incident diabetes. It is widely accepted that the 

cardiovascular benefits associated with statin use greatly outweigh the risks for diabetes. However, the effect of different statins on 

glycemic parameters may influence thechoice of statin in those with risk factors for diabetes. Unlike the other stains, pitavastatin raises 

adiponectin levels, which in turn lowers insulin resistance and improves insulin secretion. Furthermore, numerous studies have 

concluded that pitavastatin and pravastatin do not affect glycemic control and may be favorable treatment options in patients with, or at 

risk for, type 2 diabetes. 
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1. Introduction 
 

Statins are a class of medicines that are  used to lower blood 

cholesterol levels. The drugs are able to block the action of a 

chemical in the liver that is necessary for making 

cholesterol. Though cholesterol is necessary for normal cell 

and body function, high levels of cholesterol can lead to 

atherosclerosis, a condition where cholesterol-containing 

plaques build up in arteries and block blood flow. By 

reducing blood cholesterol levels, statins lower the risk of 

chest pain (angina), heart attack, and stroke. Several types of 

statins exist such as atorvastatin, cerivastatin, fluvastatin, 

lovastatin, mevastatin, pitavastatin, pravastatin,rosuvastatin, 

and simvastatin.(1) 

 

2. Statins Mechanism 
 

Statins inhibit an enzyme called HMG-CoA reductase, 

which controls cholesterol production in the liver. The 

medicines actually act to replace the HMG-CoA that exists 

in the liver, thereby slowing down the cholesterol production 

process. Additional enzymes in the liver cell sense that 

cholesterol production has decreased and respond by 

creating a protein that leads to an increase in the production 

of LDL (low density lipoprotein, or "bad" cholesterol) 

receptors. These receptors relocate to the liver cell 

membranes and bind to passing LDL and VLDL (very low 

density lipoprotein). The LDL and VLDL then enter the 

liver and are digested.  

 

Many people who begin statin treatment do so in order to 

lower their cholesterol level to less than 5 mmol/l, or by 25-

30%. The dosage may be increased if this target is not 

reached. Treatment with the statin usually continues even 

after the target cholesterol level is reached in order to sustain 

atherosclerosis prevention.(1) 

 

3. Statins and Diabetes 
 

Some experimental studies support the hypothesis that 

statins may cause diabetes by altering glucose homeostasis 

through both impaired insulin secretion and diminished 

insulin sensitivity.  Glucose is the most important signal for 

insulin release. Glucose is transported into the beta cells 

through glucose transporters 2 (GLUT2). Inside beta cells, 

glucose is phosphorylated to glucose-6-phosphate by 

enzyme glucokinase. Following further metabolic steps, 

adenosine triphosphate (ATP) is produced which closes ATP 

sensitive potassium channels. Resulting membrane 

depolarization leads to calcium influx through L-type 

calcium channels causing exocytosis of insulin containing 

granules. It has been reported that lipophilic statins(e.g., 

simvastatin) can inhibit glucose-induced cytosolic Ca 2+ 

signaling and insulin secretion by blocking L-type Ca 2+ 

channels in beta-cells and their inhibitory potencies parallel 

their lipophilicities.(2) During the process of cholesterol 

synthesis from acetyl CoA, various metabolites such as 

isoprenoid, farnesyl pyrophosphate, geranylgeranyl 

pyrophosphate and ubiquinone (Coenzyme Q10 [CoQ10]) 

are normally produced. Statins can reduce these metabolites 

which may affect insulin secretion or action adversely. For 

example, statins have been shown to reduce levels of 

CoQ10, which is a component of electron transport chain 

involved in the process of ATP generation.(3)  Reduced 

levels of CoQ10 can result in delayed production of ATP 

and consequently diminish insulin release. Furthermore, 

inhibition of isoprenoid biosynthesis by statins has been 

implicated in downreguation of GLUT4 in adipocytes.(4) 

GLUT4 mediates insulin stimulated uptake of glucose in 

skeletal muscles and adipocytes. Atorvastatin and 

simvastatin have been shown to decrease the expression of 

GLUT4 in adipocytes which may result in impaired glucose 

tolerance.(5)(6)  Adiponectin is an insulin sensitizing and 

anti-inflammatory cytokine released from adipocytes. 

Rosuvastatin and simvastatin have been shown to decrease 

plasma adiponectin levels and insulin sensitivity while 

pravastatin increased both.(7)(8)  

 

Mitochondrial dysfunction in beta cells,(9) skeletal muscles 

(10) and adipocytes (11)  has been linked with the 

pathogenesis of diabetes. Since statins are known to cause 

mitochondrial dysfunction in skeletal muscles, (12)  it is 

plausible that similar mechanism is also responsible for their 

diabetogenic effect. In addition, statin induced myalgia and 

fatigue may impair exercise capacity and aggravate 
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sarcopenia, which is associated with glucose intolerance and 

type 2 diabetes.(13)  Therefore, multiple mechanisms may 

lead to impairment of glycemic control and risk of NOD 

with statins. Further studies are needed to confirm these 

hypotheses. 

 

Questions have been raised as to whether the type of statin 

used, the intensity of therapy, or the population studied 

contributed to these differences. Various studies suggest that 

factors such as using hydrophilic vs lipophilic statins, the 

dose, the extent of lowering of low-density lipoprotein 

cholesterol (LDL-C), and the age or clinical characteristics 

of the population studied may influence this 

relationship.(14)(15)(16) 

 

Yamakawa et al, examined the effect of atorvastatin 10 

mg/day, pravastatin 10 mg/day, and pitavastatin (Livalo) 2 

mg/day on glycemic control over 3 months in a retrospective 

analysis. Random blood glucose and hemoglobin A1c levels 

were increased in the atorvastatin group but not in the other 

two.(14) 

 

A prospective comparison of atorvastatin 20 mg vs 

pitavastatin 4 mg in patients with type 2 diabetes, presented 

at the American College of Cardiology’s 2011 annual 

meeting, reported a significant increase in fasting glucose 

levels with atorvastatin, particularly in women, but not with 

pitavastatin.(15) 

 

In the Compare the Effect of Rosuvastatin With Atorvastatin 

on Apo B/Apo A-1 Ratio in Patients With Type 2 Diabetes 

Mellitus and Dyslipidaemia (CORALL) study,(16) both 

highdoserosuvastatin (40 mg) and high-dose atorvastatin (80 

mg) were associated with significant increases in 

hemoglobin A1c, although the mean fasting glucose levels 

were not significantly different at 18 weeks of therapy. A 

meta-analysis by Sattar et al (17) did not find a clear 

difference between lipophilic statins (OR 1.10 vs placebo) 

and hydrophilic statins (OR 1.08). In analysis by statin type, 

the combined rosuvastatin trials were statistically significant 

in favor of a higher diabetes risk (OR 1.18, 95% CI 1.04–

1.44). Non significant trends were noted for atorvastatin 

trials (OR 1.14) and simvastatin trials (OR 1.11) and less so 

for pravastatin (OR 1.03); the OR for lovastatin was 0.98. 

This may suggest that there is a stronger effect with more 

potent statins or with greater lowering of LDL-C. 

 

Meta-regression analysis in this study demonstrated that 

diabetes risk with statins was higher in older patients but 

was not influenced by body mass index or by the extent that 

LDL-C was lowered. 

 

4. Clinical Considerations 
 

As we eagerly wait for the results of trials addressing this 

question more directly, some steps which may help the 

physician to provide maximum protection from CVD to their 

patients, at the same time avoiding NOD are as 

follows.(18)Reports suggest that statins are being prescribed 

without good evidence.(19)  They should be used based on 

clear therapeutic rationale and not considered to be magic 

bullets. Since intensive-dose therapy carries higher risk, 

treatment should be started with low doses. High dose statins 

are better avoided in women and elderly. Although not 

proven, pravastatin appears to reduce risk for NOD, while 

atorvastatin, rosuvastatin and simvastatin all significantly 

increase the risk. Benefits of regular exercise and dietary 

modifications should be stressed at every contact with the 

patient. It will be wise to inform patients about the possible 

risk of NOD with statin use since it will make them more 

compliant with lifestyle modifications and at the same time 

prevent the health care provider from any legal disputes 

later. Before starting statin therapy, screening for type 2 

diabetes may be considered. All patients on intensive-dose 

statin therapy should be regularly monitored using fasting 

glucose level and HbA1c.Vitamin D deficiency has been 

linked with insulin resistance (20)  and supplementation of 

vitamin D has been shown to improve insulin sensitivity. 

Patients on statin therapy may be screened for vitamin D 

deficiency and treated accordingly. 

 

5. Conclusion 
 

Statins are now used with the understanding that a slightly 

increased risk for diabetes is outweighed by the CV benefits. 

However, the differential metabolic effects of the various 

statins should be taken into account when deciding treatment 

plans for patients with a high risk for developing diabetes. 

Based on meta-analyses, pravastatin is considered the statin 

with the least risk for incident diabetes; however, 

pitavastatin consistently shows neutral to beneficial effects 

on glycemic parameters similar to that of pravastatin, and 

has shown superior lipid-lowering ability compared with 

pravastatin. In comparative studies, pitavastatin has 

demonstrated a favorable effect on glycemic parameters 

compared with other statins. Further data are needed to 

confirm these findings and assess their relevance to clinical 

outcomes. 
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