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Summary 
Patients with type 2 diabetes mellitus are at increased risk of cardiovascular disease.  However, their risk is not primarily directly related to the hyperglycemia that defines diabetes, but by the associated risk factors that are the major determinants of the development of macrovascular disease and left ventricular dysfunction.  Priorities of therapy should be based on considerations of 1) efficiency of risk factor reduction and 2) effectiveness of those therapies used in risk factor treatment.

Abstract
The risk of atherosclerotic disease for patients with type 2 diabetes mellitus is unquestioned.  However, the best approach for reducing that risk remains an area of increasing contention.  Therapy, has at least initially, focused on the primacy of blood sugar control.  However, the more significant risks for the development of macrovascular disease and left ventricular dysfunction comes from the concurrence of dyslipidemia and hypertension.  The reduction in macrovascular risk and left ventricular dysfunction in patients with diabetes requires a multifactorial approach.  This includes the adoption of healthy behaviours especially smoking cessation as well as by aggressive pharmacological therapy to reduce the basket of risk factors that comprise the diabetic state. Increasingly it has been appreciated that greater opportunities for risk reduction come not from more aggressive lowering of blood sugar (although remaining important in the prevention of microvascular disease), but with more aggressive treatment of blood pressure and of LDL cholesterol, as well as by smoking cessation for those who use tobacco.  Superimposed on this debate is the emerging evidence that specific classes of hypoglycemic drugs may be more cardioprotective, drugs which are currently not recognized as first-line therapies by diabetes guidelines organizations.  In this context for patients with established atherosclerotic disease or at very high risk, the use of a SGLT2 inhibitor or a GLP-1 agonist with proven benefit should be viewed as important additions to recommended therapeutic regimens based on their cardioprotective effects, independent of their hypoglycemic actions. 
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Diabetes increases the risk of cardiovascular events, with a wide spectrum of absolute risk that extends from a low risk in the recently diagnosed younger patient with diabetes and no detected cardiovascular disease to very high risk in the older patient with long-standing diabetes and established cardiovascular disease.  Among individuals with coronary heart disease almost half have type 2 diabetes, and up to two-thirds have abnormal glucose regulation1. Cardiac dysfunction is common and heart failure often unrecognised in the patient with diabetes. Heart failure is a more common reason for admission to hospital than either myocardial infarction or stroke in patients with diabetes especially with established cardiovascular disease or receiving insulin2. Furthermore heart failure is a prognostically important outcome as  patients admitted with heart failure have a higher subsequent mortality than those with MI or stroke.

The determinants of the increased risk of cardiovascular disease in patients with diabetes are multifactorial.  These include hyperglycemia, hypertension and dyslipidemia (small dense atherogenic LDL, associated with low HDL and elevated triglycerides) all of which cluster in patients with diabetes.  Furthermore, cardiovascular risk has been shown to be  reduced with a multifaceted approach to risk factor management3  that includes lifestyle modifications (weight control, healthy diet, and increased physical activity), intensive cholesterol lowering, and blood pressure control. A recent report from the STENO 2 trial indicates that intensive compared to usual risk factor management is associated with an increased life expectancy of 7.9 years4.  

Although the effectiveness of global risk reduction in patients with diabetes is unquestioned, the impact of management of each of these isolated risk factors remains an ongoing area of controversy. In this brief review we will examine the impact of these individual risk factors on coronary artery disease in patients with diabetes and the impact of therapy for them.

Hyperglycemia
The development of microvascular disease (neuropathy, retinopathy and nephropathy) is related to the severity of hyperglycemia, with a threshold of risk at the level of hyperglycemia that defines diabetes (fasting blood glucose > 7.0mmol/l and A1C > 0.0655, 6). In contrast the development of macrovascular disease has a less robust relationship to hyperglycemia (beyond  the long-recognized risk of severe hyperglycemia and cardiac disease) and is more closely associated with measures of insulin resistance7.  The development of heart failure also relates to the degree of hyperglycemia.

Glucose control reduces the risk of development or progression of micro-vascular disease (although more effective in slowing nephropathy than retinopathy) in both type 1 and type 2 diabetes. Yet in the same time period as the reduction of micro vascular risk is observed, no individual study has shown a reduction of cardio-vascular risk (myocardial infarction, stroke or the development of heart failure) by tight vs. usual glucose control.  Further concerns regarding the possibility of an increased cardiovascular risk with some of the older hypoglycemic agents including the sulfonylureas and subsequently the glitazones led several international drug regulatory agencies to mandate the incorporation of cardiovascular outcome trials as a prerequisite for drug approval. Subsequent, metaanalyses indicate myocardial infarction is reduced by tight glycemic control yet cardiovascular mortality is not changed8. When patients are followed for longer periods (up to 15 years), both the incidence of myocardial infarction and cardiovascular mortality are reduced in the intensively treated group in patients with both type 19 and type 210 diabetes.  Glycemic control to a personalized target remains important to reduce microvascular disease. Furthermore, the UKPDS long-term follow-up data 10 suggests that early good glycemic control, in recently diagnosed patients with diabetes, is associated with an improved long-term cardiovascular outcome.

Reduction of cardiovascular risk appears to be more related to the choice of glucose lowering agent than to the reduction of blood glucose per se. A small sub-study of UKPDS with metformin in obese patients, showed a reduction of cardiovascular events and mortality when compared to treatment based mainly on diet11.  Pioglitazone whilst not reducing a multi-component primary endpoint significantly reduced the more conventional 3 point MACE endpoint12. Among diabetic patients with established cardiovascular disease in the EMPAREG Outcome and CANVAS Program, the SGLT2 inhibitors empagliflozin and canagliflozin respectively reduced the triple MACE endpoint and heart failure admission compared with placebo 13, 14. Empagliflozin reduced cardiovascular mortality by 38%, whilst canagliflozin had no impact on mortality. Notably, for both SGLT2 inhibitors, their impact on cardiovascular risk reduction appeared to be independent of their hypoglycemic effects. The GLP1 agonists liraglutide15 and semaglutide16 reduced triple MACE, compared with placebo – also among diabetic patients with established cardiovascular disease - with liraglutide significantly reducing cardiovascular mortality while semaglutide had no effect on cardiovascular mortality.

Hypertension
As in the general population, the risk of hypertensive complications in patients with Type 2 diabetes rises with systolic blood pressures above 115-120 mmHg17.  Based on the overall increased risk of atherosclerotic disease in these patients and the demonstration primarily in observational studies that the relative risk reduction associated with effective antihypertensive therapy is constant across the range of blood pressure elevations it had been widely suggested that those with diabetes should be treated to a lower target.  That belief was supported by the ADVANCE trial18 but challenged with the reporting of the ACCORD-BP study which failed to demonstrate a significant superiority of a systolic BP target of 120 mmHg over that of 140 mmHg19.  Based on that finding many national guidelines groups backed off their systolic BP targets  for patients with diabetes- notwithstanding (as described by Leung et al20 that the ACCORD-BP study was underpowered to rule out a 20% risk reduction based on a lower than expected event rate.  Further subsequent meta-analyses have supported a further risk reduction to BPs approaching 130 mmHg21- the target for systolic BP control still recommended by Hypertension Canada’s guidelines.

The choice of therapy for antihypertensive treatment as recommended by Hypertension Canada includes all of the major classes of antihypertensive drugs with the exception of beta adrenergic antagonists22.  Angiotensin converting enzyme inhibitors (ACEI) and angiotensin receptor blockers (ARB) are recommended preferentially for those with nephropathy- primarily based on their renoprotective effects.  Additionally, ACEI/calcium channel blocker (CCB) combinations are recommended preferentially in all patients with diabetes.  It is notable that this latter recommendation, based on the ACCOMPLISH study23 (and supported by the subgroup of patients with diabetes in the ASCOT-BPLA trial24) ,was ratified prior to the adoption of single pill combinations as first line therapy in patients with hypertension- regardless of the extent of blood pressure elevation.  However, whether this will be interpreted as an endorsement of an ACE-I/CCB combination as initial preferred first line therapy of patients with diabetes and hypertension has yet to be clarified.

Dyslipidemia
Abnormal plasma lipids are seen in half and two-thirds of patients who have had type 2 diabetes for 2 and 15 years' duration, respectively25 .  As mentioned above, the typical dyslipidemia pattern in diabetes features hypertriglyceridemia plus depressed high-density lipoprotein cholesterol (HDL-C); with elevated non-HDL cholesterol and high apolipoprotein B levels in the face of  relatively normal low-density lipoprotein cholesterol (LDL-C) levels, providing a clinical clue that the LDL particles are qualitatively small and dense, making them more susceptible to oxidation and thus more atherogenic 26.  The elevated triglycerides are also an indirect marker for numerous other unmeasured pro-atherogenic metabolic changes27.  

Even though LDL-C is quantitatively relatively normal in diabetes, several studies confirm that the cardiovascular benefits derived from lowering LDL-C apply equally well to people with and without diabetes28, 29 30, 31.  Statin therapy reduces relative risk of outcomes across all patient groups, with greater absolute benefit seen with higher absolute risk, such as in diabetic patients. Subgroup analyses of statin trials showed benefits of LDL-C lowering, irrespective of baseline LDL-C levels 28, 29 30, 31. 

While the evidence is most voluminous for statins, the benefit of lipid-lowering in diabetes encompasses at least two other classes of LDL-lowering medications.  First, the IMProved Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE IT) showed that after an acute coronary syndrome, ezetimibe added to 40 mg of simvastatin reduced both LDL-C and the risk of subsequent cardiovascular events significantly more than statin alone; a subgroup analysis showed that patients with diabetes had the greatest risk reduction32.  Second, a pre-specified sub-analysis of the Further Cardiovascular Outcomes Research with PCSK9 Inhibition in Subjects with Elevated Risk (FOURIER) study showed that inhibition of proprotein convertase subtilisin kexin 9 with the monoclonal antibody evolocumab significantly reduced cardiovascular risk in patients with and without diabetes; relative risk reduction was similar, but absolute risk reduction was greater in the patients with diabetes, given their higher baseline risk33.

In contrast, other lipid-lowering therapies in diabetes do not appear to reduce events.  For instance, in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial of diabetic patients, fenofibrate added to statin therapy did not reduce cardiovascular events34.  Similarly, when niacin was added to background statin therapy in the Atherothrombosis Intervention in Metabolic Syndrome with Low HDL/High Triglyceride and Impact on Global Health Outcomes (AIM-HIGH) trial, and the Heart Protection Study 2–Treatment of HDL to Reduce the Incidence of Vascular Events (HPS2-THRIVE) trial, there was no incremental benefit of niacin 35, 36.  While a possible benefit cannot be ruled out in specific subgroups, such as those with very high triglycerides, niacin and fibrates are not currently recommended to reduce cardiovascular risk in diabetic patients who already take a statin.  The role of bile acid sequestrants is less well studied in randomized trials, but these agents also reduce LDL-C by ~20% and may also secondarily improve glycemic control 37.

Thus, in the management of dyslipidemia in diabetes: 1) consider diabetes as a statin-indicated condition; 2) consider ezetimibe as an addition to any maximally tolerated dose of statin when treatment goals are not achieved; 3) use PCSK9 inhibitors when statin plus ezetimibe are insufficient; 4) avoid niacin and avoid fibrates (except for the prevention of systemic complications of hypertriglyceridemia – i.e., pancreatitis); and 5) possibly consider bile acid sequestrants to further lower LDL-C if necessary.  Finally, patients taking high dose statins, but not ezetimibe or PCSK9 inhibitors, have a small increased risk of developing diabetes38   This theoretical diabetes risk should not delay initiation of statin therapy for a patient at risk of cardiovascular events.

Risk reduction in patients with diabetes: by the numbers
Reducing the atherosclerotic risk of patients with diabetes requires a multi-pronged approach including healthy behaviours as well as by aggressive treatment of modifiable risk factors.  Notwithstanding, it is still useful to consider how  the effectiveness of each risk reduction strategies in patients with type 2 diabetes mellitus, if only to better understand the relative benefit of each individual approach. As noted above a treatment strategy based on the primary focus of more aggressive treatment of hyperglycemia in patients with diabetes has not been shown to be generally effective.   (On the other hand as also noted above, the recent evidence supporting cardioprotective effects of specific hypoglycemics, i.e., the SGLT2 inhibitors empagliflozin and canagliflozin and the GLP-1 agonists liraglutide and semaglutide would support their greater utility).   Using an arbitrary 10 year Framingham risk of 28% (such as in a 64 year old female with diabetes with a fasting blood sugar of 7.4 mmol/L, smoker, LDL-C 3.6 mmol/L, HDL-C 0.8 mmol/L and BP 145/85 mmHg)   and assuming a relative risk reduction for risk factor treatment equivalent to that in a general population1) effective smoking cessation would result in about a 50% risk reduction 2) effective blood pressure reduction (to a target of less than 130/80 mmHg) would be expected to accrue a 40% risk reduction for stroke and a ~25% risk reduction for coronary artery disease and 3) LDL-C reduction to less than 2.0 mmol/L each would be expected to accrue about a 30% risk reduction for coronary artery disease complications.   

Conclusion  
The reduction in macrovascular risk in patients with diabetes requires a multifactorial approach.  This strategy includes the assumption of healthy behaviours especially smoking cessation as well as aggressive pharmacological reduction of blood pressure and LDL cholesterol.  More aggressive blood sugar lowering is probably the least effective means of reducing atherosclerotic risk in these patients (although remaining important in the prevention of microvascular disease). Notwithstanding there is emerging evidence that specific hypoglycemic agents may have additional cardioprotective effects beyond blood sugar control. . In this context for patients with established atherosclerotic disease or at very high risk, the use of a SGLT2 inhibitor or a GLP-1 agonist with proven benefit should be viewed as important additions to   recommended therapeutic regimens based on their cardioprotective effects, independent of their hypoglycemic actions. 
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