Diabetes caused by the proposed statin mechanism. A review.
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ABSTRACT
Statins are generally accepted as safe and tolerated. Some researchers have however reported diabetes development in patients with statins. As part of those studies, new up-to-date data for the cholesterol-lowering drug class of Statin regarding hemoglobin A1c (HbA1c) and fasting plasma glucose potential was added by the FDA. In addition, various pathophysiological mechanisms that could explain the increased risk of diabetes in patients treated with statin have been described. These are mainly responsible for an improvement in insulin resistance and a drop in insulin secretion. This review aims to examine the relationship between statin treatment and the presence of diabetes, previous clinical reviews of the evidence and pathophysiological mechanisms involved may also be explained.
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INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of mortality worldwide, with mortality rates of approximately 234 per 100,000 inhabitants [1]. In the majority of patients, CVD is specifically attributed to atherosclerosis. The development of coronary atherosclerosis involves a complex interplay between metabolic and inflammatory processes [2]. The 3-hydroxy-3-methylglutaryl (HMG)-coenzyme A reductase inhibitors, commonly known as statins, are the most widely prescribed class of medication used to reduce CVD, the benefits are more than its cholesterol-lowering properties. Such pleiotropic actions of statins have effects on systemic inflammation, endothelial function and oxidative stress [2,3,4].
Statins are generally recognised as being safe and well tolerated. However, some researchers have reported the development of diabetes in patients taking statins [5]. Meta-analyses of randomized clinical trials of lipid-lowering with statins suggest that individuals assigned statins were at slightly increased, approximately 9%–12%, in risk of type 2 diabetes mellitus compared with those assigned placebo or standard care [6,7,8]. Since the incidence of this effect cannot be ignored, especially for certain populations, this review aims to examine the relationship between statin treatment and the presence of diabetes, previous clinical reviews of the evidence and pathophysiological mechanisms involved may also be explained.

DIABETES EFFECT ON STATIN
In a number of trials, statins have been shown to be effective through primary and secondary cardiovascular disease (CVD) prevention, and recent studies of increased risk of type 2 diabetes with statin use are of importance. As a part of these studies, the Food and Drug Administration added new updates to the statin class of cholesterol-lowering medications regarding the potential for elevated hemoglobin A1c (HbA1c) and fasting plasma glucose on 28 February 2012 [9]. The Justification for the Use of Statin in Prevention: An Intervention Trial Evaluating Rosuvastatin (JUPITER) findings started a series of discussions about the possible risks and benefits of statin therapy. In the JUPITER 4 research, 17.802 adults with no clinical or biochemical diagnosis of diabetes dependent on fasting glucose concentrations were given rosuvastatin or placebo for a total of 1·9 years. Much more people in the statin group developed diabetes than in the placebo group [6]. Prior to JUPITER results, a 30% reduction in the risk of diabetes by pravastatin (40 mg) was recorded in the Western of Scotland Coronary Prevention Study (WOSCOP) (2001). In comparison, the future study of pravastatinen in the dangerous elderly has shown that the incidence of pravastatin therapy diabetes is 32% higher than before. In addition, pravastatin (40 mg) did not decrease the incidence of diabetes in the long-term ischemic disease analysis with pravastatin [9].
Overall, during follow-up, the six studies showed a total of 2,082 cases of diabetes. In these trials, the parameters for determining type 2 diabetes differ. Three reports (HPS, CORONA, and JUPITER) focused on physician-reported diabetes diagnosis and treatment, while the remaining four (WOSCOPS, ASCOT, and LIPID) also included specific diagnostic criteria based on plasma glucose or oral glucose tolerance measures. Besides the standardized fasting glucose criteration (two times in the WOSCOPS trial), the fasting glucose level from baseline was also raised to 2 mmol / l (or 36 mg / dl) in diabetes [10].

PROPOSED MECHANISM STATIN INDUCED DIABETES
It is not clear how precisely statins can lead to DM. Some of the main mechanisms proposed are presented. Insulin induces a cascade of intracellular changes, resulting in activation of systems that bring glucose into cells after binding to insulin receptors in the cells. In this signal transmission from insulin réceptors the insulin receptor substrate (IRS)-1 plays a key role. Protein kinase C phosphorylation by IRS allows this signal to be blocked, and therefore cells are decreased in glucose uptake. Because of the inhibition of HMG-CoA reductase enzymes, statin contribute to a pathway of fatty acid synthesis that is redirected to the acquired HMG-CoA precursor acetyl coA, causing a build-up of free fatty acids [11]. Another possible mechanism is the inhibition of HMG-CoA reductase, which also contributes to improvements in the responsiveness of insulin. The production of loss of function genetic polymorphisms could include possible mechanisms related to this. In this context, a study with 5327 non-diabetic subjects found that proinsulin was not converted to insulin together with a restricted insulin segregation in those with certain individual nucleotide polymorphisms, including TCF7L2, SLC30A8, HHEX and others, A further possible mechanism is related to HMG-CoA reductase inhibition, which also leads to modifications in insulin sensitivity. Possible mechanisms associated with this include the production of loss-of-function genetic polymorphisms. In this sense, a study including 5327 non-diabetic subjects found that those proinsulin had a deficient conversion to insulin together with a restricted insulin secretion in individual nucleotide polymorphisms [12].
The other mechanism is KATP channel closure triggers the removal of the cell membrane, eventually leading to the opening of Ca2+ channels with voltage drive. The activation of Ca2+ channel statins in pancreas B cells, which leads to a direct reduction in insulin secretion. This was confirmed in a previous in vitro trial, in which rosuvastatin blocked the Ca2+ channel in pancreatic B cells,  the resulting Ca2+ influx causes exocytosis and releases insulin from insulin containing granulates. The above chain of events is known collectively as the coupling of stimulus and beta cells. There are unclear effects of statins on secretion of insulin and the combined stimulus-secting of beta cells but the Metabolic Syndrome in Men (METSIM) cohort decreases insulin secretion. In the primary rat beta-cells, simvastatin has been shown to minimize Ca2+ current through voltage-gated L-channels and lovastatin was found to harm the expansion of insulin secretion induced by bombesin and vasopressin, possibly through small GTP-binding proteins. Statins have also been believed to reduce ATP production [13].
The transporter for peripheral insulin-mediated glucose influx is responsible for Glucose Transportation 4 (GLUT4), an facilitated transporter. This facilitates the synthesis of glucose in muscle cells and adipocytes [14]. Recruitment of GLUT4 from intracellular storage of its surface into the plasma membrane requires signaling cascade activation triggered by phosphorylation of the insulin receptor tyrosine kinase. The reduction of GLUT4 translocation into the cell membrane shows that atorvastatin and lovastatin induce the insulin resistance [15].
Others have proposed that statins may cause NODM by modifying the particle size of lipoprotein. Some studies have shown that statins are increasing the size of LDL-C, LDL-C and LPIR particles and all contribute to the development of NODM, with the introduction of a relatively low-density cholesterol level (VLDL‐C) statin. Big LDL‐C, HDL‐C and low VLDL‐C particle volumes, by comparison, have an inverse effect on NODM. Rosuvastatin was found to reduce the size of the LDL‐C and HDL‐C cells, along with the LPIR value [16].
Statins also block HMG‐CoA reductase inhibit the biosynthesis pathway of cholesterol. Dolichol, farnesyl pyrophosphate (FPP), geranylgeranyl pyrophosphate (GGPP), and coenzyme Q10 (CoQ10) are the most significant products affected. Isoprenoids stimulate adipocyte upregulation of GLUT4 which causes glucose uptake to rise [17]. The suppression of isoprenoid synthesis has shown Chamberlain (2001) to take a leading role in the resistance to insulin caused by lovastatin. Dolichol is an essential cofactor for intracellular membrane-bound receptor processing of the N-linked glycosylation. The reduction in dolichols and CoQ10. Subsequent decreases in cholesterol biosynthesis in rats were shown to be important in lovastatin [18]. CoQ10 is a necessary part of the respiratory mitochondrial chain, and is thus important to produce ATP. Reduced mitochondrial ATPs contribute to ATP-dependent potassium channels being shut off against ß-cell, and thus inhibit Ca2 + influx inhibition insulin secretion. Circulating CoQ10 is transmitted via LDL; therefore, statin therapy can impact on its levels. Lovastatin has been shown to decrease both bloodstream and tissue CoQ10 in humans, which may impede the insulin secretion of pancreatic ß-cells by reducing the development of ATP [19].

CONCLUSION
[bookmark: _GoBack]Statins are the basis for major CVD risk reduction. Although the statins are associated with modestly higher excess risk for diabetes, this risk only happens in people who already are at risk for diabetes, as outlined in previous observational studies. Simvastatin, atorvastatin, and rosuvastatin were measured in most mechanical inquiries. Many evidence suggests that pravastatin and pitavastatin may have less effects on some biological pathways, but it is not certain whether it indicates reduced chance of uncontrolled diabetes correlated with statin. The numerous pathophysiological mechanisms involved remain under investigation, but tend to be associated with lower insulin secretion and decreased insulin resistance. Nonetheless, additional studies in this area are required in order to arrive at stronger conclusions and therefore improve therapeutic applicability in daily practice.
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