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Abstract
The 3-hydroxy-methylglutaryl coenzyme A reductase inhibitors, statins, are widely used in the primary and secondary prevention of cardiovascular diseases to lower serum cholesterol levels. As type 2 diabetes mellitus is accompanied by dyslipidemia, statins have a major role in preventing the long term complications in diabetes and are recommended for diabetics with normal LDL levels as well. In 2012, United States Food and Drug Administration released changes to statin safety label to include that statins have been found to increase glycosylated haemoglobin and fasting serum glucose levels. Many studies done on patients with cardiovascular risk factors have shown that statins have diabetogenic potential and the effect varies as per the dosage and type used. The various mechanisms for this effect have been proposed and one of them is downregulation of glucose transporters by the statins. The recommendations by the investigators are that though stains can have diabetogenic risk, they have more long term benefits which can outweigh the risk. In elderly patients and those with metabolic syndrome, as the risk of diabetes increase, the statins should be used cautiously. Other than a subset of population with risk for diabetes; statins still have long term survival benefits in most of the patients. 
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Core tip: The use of statins in diabetics has long term benefits in terms of decreasing morbidity and mortality. Recent studies have shown that statins increase the incidence of new onset diabetes. The issue became debatable after Food and Drug Administration released changes to statin safety that they increase glycosylated haemoglobin (HbA1C) and blood glucose levels. At the same time statins are beneficial in preventing cardiovascular events. Most of the investigators are of the opinion that the risk of diabetes with statins can be outweighed by the long term benefits in preventing complications. In patients with high risk of diabetes, statins should be cautiously used. 
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INTRODUCTION
Statins, the 3-hydroxy-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, inhibit the rate limiting step of conversion of HMG-CoA to mevalonate and thus limit cholesterol synthesis. Lower hepatic cholesterol levels subsequently increase expression of LDL-receptors in liver cells. This in turn leads to enhanced clearance of LDL-particles from blood. Lowering of plasma LDL-cholesterol by statins reduce production and increase catabolism of apo B 100[1]. A range of products like coenzyme Q10, heme-A, and isoprenylated proteins are generated by mevalonate pathway[2] which have an important role in cell biology and human physiology. The role of statins has been hypothesized to be widespread as in inflammatory markers and nitric oxide[3], polyunsaturated fatty acids[4], immunomodulation[5], neuroprotection[6], cellular senescence[7], etc.

STATINS IN DIABETES
Statins are used for primary and secondary prevention of cardiovascular diseases. Other benefits due to statins are not mediated by their lipid lowering properties[8] but due to its pleiotropic effects. In conditions like heart failure, cardiac arrhythmias, vascular disease and hypertension, the non-lipid lowering pleotropic benefits of statins have been observed[9]. These pleiotropic effects mediated by statins can be due to inhibition of isoprenoid synthesis which in turn inhibits intracellular signaling molecules Rho, Rac and Cdc42. The predominant mechanism that has been postulated is inhibition of Rho and its activation to Rho kinase (ROCK)[10]. 
Type 2 diabetes is characterized by hyperglycemia, insulin resistance and insulin deficiency. The insulin resistance contributes to the abnormal lipid profile associated with type 2 diabetes[11]. Dyslipidemia contributes to increased cardiovascular events in patients with type 2 diabetes[12]. A linear relationship exists between cholesterol levels and cardiovascular diseases in diabetics even if we ignore the baseline LDL[13]. By predominantly lowering LDL-Cholesterol and due to minor effects on other lipoproteins, statins appear to be beneficial[12]. In Heart Protection Study (HPS) which was done in diabetics, the decrease in cardiovascular events like first major coronary event, stroke were to the tune of 22% as compared to placebo[14]. It was recommended by American Diabetes Association that statin therapy should be initiated in individuals with diabetes and other cardiovascular risk factors with target LDL cholesterol of 100 mg/dL[15]. Investigators are also of the opinion that statin therapy should depend not on the LDL levels but the cardiovascular complications accompanying diabetes[16]. Other studies which showed reduced coronary events with statins in patients with diabetes mellitus are Cholesterol and Recurrent Events (CARE) and Long-term Intervention with Pravastatin in Ischaemic Disease (LIPID) studies of pravastatin[17,18]. In The Collaborative Atorvastatin Diabetes Study (CARDS), statins significantly reduced acute coronary events by 36% and stroke by 48%. The beneficial effects of statins were so clear in this study that it was halted two years in advance[19]. West of Scotland Coronary Prevention Study (WOSCOPS) also showed that the risk of diabetes was reduced by 30% in patients on pravastatin 40 mg/d[20].

 STATINS AND DIABETES RISK 
In February 2012, Food and Drug Administration (FDA) released changes to statin safety label to include that statins have been found to increase HbA1C and fasting serum glucose levels[21]. This release has brought in the debate of using statins in patients with cardiovascular risk factors like diabetes.
In JUPITER (Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin) study participants with LDL cholesterol levels of less than 130 mg/dL and elevated high-sensitivity C-reactive protein levels were included. They received rosuvastatin or placebo for a period of two years. It was observed that rosuvastatin significantly reduced the rates of a first major cardiovascular event and death from any cause as compared to placebo. A 54% lower risk of heart attack, 20% lower risk of stroke and 20% lower risk of death from any cause was noted in statin group[22]. An increase in new onset diabetes, i.e., 3% in statin arm and 2.4% in placebo arm was reported. This was accompanied by increase in median value of glycated haemoglobin and was one of the earlier studies to report the increase in new onset diabetes in patients on statins. WHI (Women’s Health Initiative) trial was a post hoc analysis and included 153840 postmenopausal women without diabetes mellitus. Even after adjustment for potential confounders, statin therapy was associated with an increased risk of new-onset diabetes mellitus[23]. There was no difference between women with and without overt cardiovascular disease, which could have influenced the risk-benefit ratio of statins[23]. Authors suggest that statin-induced diabetes mellitus is a medication class effect[23]. Another study also reported that as compared to placebo, statin group showed a higher risk of physician reported incident diabetes and it was also observed that risk was higher in women as compared to men[24]. 
Meta-analysis of randomized controlled trials by Sattar et al[25] involving 91140 non-diabetic patients showed that statin therapy was associated with 9% increased risk of incident diabetes. After a period of four years during which 255 patients were treated, there was one extra case of diabetes mellitus[25]. Authors did not find any apparent difference between lipophilic and hydrophilic statins in association with diabetes risk[25]. 
Though some studies put forth this as a class effect, others showed different effects with different statins and at different doses. A number of studies showed dose dependent association between statin administration and incident diabetes. A meta-analysis with 32752 participants was done in which the risk of intensive dose statin therapy was compared with moderate dose statin therapy on incident diabetes. It revealed that intensive dose of statins was associated with high incidence of new -onset diabetes, though it decreased cardiovascular events as well[26]. In those receiving intensive dose of statins, 18.9 ± 5.2 diabetic cases per 1000 patient years were observed versus 16.9 ± 5.5 cases per 1000 patient years with moderate doses of statin therapy[26]. 
In PROVE-IT TIMI 22 trial 3382 patients without pre-existing Type 2 diabetes mellitus were included. The levels of HbA1c increased by 0.12% in patients treated with pravastatin 40 mg, while in those receiving atorvastatin 80 mg showed a significant difference and the levels increased by 0.30%[27]. Another study comparing glycaemic control between diabetic patients receiving atorvastatin 10 mg, pravastatin 10 mg or pitavastatin 2 mg/d showed that it was only the atorvastatin-treated patients in which the blood glucose and HbA1c levels increased[28]. Treatment with atorvastatin and simvastatin may be associated with an increased risk of new onset diabetes as compared to pravastatin[29]. Pitavastatin has shown favourable profile in patients with diabetes by improving insulin resistance and minimally impairing glucose metabolism[30]. Increased incidence of diabetes was seen with atorvastatin in the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT)[31] and impaired glucose metabolism in some cases of type 2 diabetes[32]. Increased insulin resistance secondary to statins was demonstrated in a prospective non randomised study in patients with coronary bypass surgery[33]. So, many studies have reported an increase in new onset diabetes and there is a variation in response depending on the statin administered and the dose of statin.

MECHANISM OF STATINS IN HYPERGLYCEMIA
Statin-induced insulin resistance can be due to inhibition of isoprenoid biosynthesis and downregulating C/EBPα production[34]. Decreased synthesis of isoprenoids can produce downregulation of GLUT4 expression on adipocyte cells[35]. It can lead to decrease in insulin-mediated cellular glucose uptake and possibly manifest as intolerance to glucose[36]. Acceleration of type 2 diabetes can be seen secondary to downregulation of GLUT4/SLC2A4 in adipocytes[37]. Over-production of nitric oxide (NO) by inducing cytokines can cause β-cell apoptosis[38].
On incubating rat pancreatic cells with statin ,there was a decrease in insulin secretion due to inhibition of glucose stimulated increase in free cytoplasmic Ca2 and L-type Ca2 channels[39]. Statins also inhibit the insulin secretion due to reduced production of ATP by suppressing the synthesis of ubiquinone (CoQ10)[39]. Clinical doses of atorvastatin in animal model of type 2 diabetes led to inhibition of adipocyte differentiation, decreased SLC2A4 expression in both differentiating and mature adipocytes, and impaired insulin sensitivity and post-challenge glucose tolerance[34]. Animal models have also shown that there is an association between development of insulin resistance and statin-induced myopathy[40]. 
Other mechanisms hypothesized for the possible effect of statins on new-onset diabetes are that statins by inhibiting phosphorylation interfere with intracellular signal transduction pathways of insulin , reduce action of of small GTPase, decrease peroxisome proliferator activated receptor gamma by inhibiting the differentiation of adipocytes, inhibit β-cell proliferation and insulin secretion by inhibiting leptins[41]. Atorvastatin, a lipophilic statin, may decrease insulin secretion due to increased HMG-CoA inhibition or cytotoxicity[42]. The actions of statins on beta cells of pancreas can be summarised[43] as shown in Figure 1

RECOMMENDATIONS FOR USE OF STATINS IN DIABETES
Authors have put forth the recommendations from time to time regarding the use of statins in patients with cardiovascular diseases. For patients with cardiovascular risk factors, statins prevent cardiovascular event 8 times more likely than they can cause a case of incident diabetes[44] shifting the risk–benefit ratio in favour of statin therapy[44]. Modest increase in blood glucose levels by statins will not be an issue of concern if they decrease morbidity and mortality due to macrovascular and microvascular complications[45]. In patients with low cardiovascular risk factors, statins should be cautiously used, less aggressive LDL-C-lowering targets should be kept and monitoring of fasting blood glucose levels should be done routinely[46]. 
In high risk patients with impaired glucose tolerance and established cardiac risk factors, statins and diuretics increased the risk of new onset diabetes. As both the drugs have a propensity to increase blood glucose levels, there is a need of regular monitoring[47]. As compared to other cardiovascular medications like thiazide diuretics and beta blockers, statins can three times less likely cause diabetes[48]. 
When statins are being used in primary prevention patients at high risk of diabetes, pravastatin should be preferred over other statins[29]. One of the meta-analysis comparing high-dose statin therapy with moderate dose found that the former is associated with improved cardiovascular outcomes, though at the same time there was a 12% increased risk of new-onset diabetes mellitus[49]. Such studies have stimulated the controversy about the treatment of patients not attaining target lipid profile on moderate dose of statins[49].
Increasing age increases the risk of diabetes and benefits secondary to statins can decrease. There is a need to be vigilant in these patients[50]. Factors like older age, increased weight, and higher blood sugar levels before the use of statins predict that whether a patient will develop diabetes mellitus. The use of statins can unmask diabetes mellitus in patients with other risk factors[51]. So in obese patients and those with metabolic syndrome these findings may be relevant[52].While analysing one of the initial studies which suggested the link between statins and diabetes, it was found that rate of reduction of cardiovascular events outbalanced the risk of incident diabetes even in patients at highest risk for diabetes though the absolute risk increase was small (placebo 1.2%, rosuvastatin 1.5% developed diabetes[53]). Meta-analysis of individual data of over 170000 persons from 27 randomized trials also put forth the risk benefit ratio in favour of statins[54]. In patients on statins, there was an improved outcome after cardiac surgery[55]. Current guidelines recommend use of statins in patients undergoing CABG[56]. Statins can reduce cardiovascular complications like atrial fibrillation and MI after cardiac surgery, but at the same time poor glycemic control may lead to deterioration of non-cardiovascular complications like infections and renal complications[33].
Elevated triglycerides and low HDL-C are associated with type 2 diabetes mellitus. The evidence for drugs targeting this type of dyslipidemia is not as strong as those targeting LDL-C[57].
To conclude, physicians should be cautious about development of diabetes in patients on intensive statin therapy[26]. Lifestyle management should be considered in patients with low risk of cardiovascular diseases[58] and the use of statins should be reconsidered[58]. In patients with cardiovascular risk factors, the benefits of statins supersede the risk of diabetes[59]. There is a need of randomized clinical trials to find the role of statins on microvascular complications as the existing evidence only shows a benefit on macrovascular complications[60]. Overall evidence at present shows that the risk of new onset diabetes is less as compared to the long term benefits of statins in patients with cardiovascular risk factors. But there is a small subgroup of population in whom a more careful use of statins is mandatory. 
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Figure 1 Actions of statins on beta cell of pancreas[43].
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