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Diabetes is a well-known chronic condition that increases the risk for microvascular, neuropathic, and cardiovascular complications. Although it is well accepted that decreasing blood glucose levels reduces the development and progression of retinopathy, nephropathy, and neuropathy, the risks and benefits of weight loss, glucose control, and hypoglycemia on cardiovascular risk are less established. Addressing these issues has been one of the goals of 4 recent studies with cardiovascular primary endpoints in people with type 2 diabetes: Action to Control Cardiovascular Risk in Diabetes (ACCORD), Action in Diabetes and Vascular Disease Action in Diabetes and Vascular Disease: Preterax and Diamicron MR Controlled Evaluation (ADVANCE), Veteran's Affairs Diabetes Trial (VADT), and Look AHEAD (Action for Health in Diabetes). The first 3 are complete whereas the fourth is ongoing. The findings from these studies have changed the way we look at the treatment of type 2 diabetes, particularly with regard to high-risk patients. This review discusses the interplay between hypoglycemia, weight, and cardiovascular disease (CVD) as we now view their role in the treatment of type 2 diabetes.

Obesity and Diabetes

Hippocrates, in ~400 BC, wrote: "If we could give every individual the right amount of nourishment, we would have the safest way to health....[1]" Dr. Elliot Joslin, MD, Founder of the Joslin Diabetes Center in Boston, Massachusetts, echoed the same sentiments in the early 1900s.[2] Never has this advice been more relevant than in the 21st century. The worldwide increase in obesity in industrialized countries around the globe has been well documented.[3] This increase has been paralleled by an increase in the complications associated with obesity, most notably the development of type 2 diabetes.[4,5] 

Obesity and the associated sedentary lifestyle not only increase the risk of developing diabetes, but it complicates its management and increases the risk for CVD events.[6] Regardless of the attention focused on the diagnosis and treatment of diabetes and CVD over the past 20 years, the estimated number of US patients older than 35 years with self-reported diabetes and CVD had increased to 5.7 million in 2005.[7] Patients with type 2 diabetes have a higher CVD mortality rate than those without diabetes.[8] The lifetime risk for CVD among patients with diabetes is further elevated by increasing adiposity.[9] Data from the Framingham Heart Study indicated that the lifetime risk for CVD over 30 years for women with diabetes and normal body weight was 54.8% compared with 78.8% among obese women with diabetes.[9] This difference was 78.6% and 86.9%, respectively, for men.

The mechanisms through which obesity increases CVD risk are multiple. Obesity creates insulin resistance and hyperinsulinemia.[10] It is associated with dyslipidemia and hypertension.[5,11] Obesity initiates an inflammatory state that is fueled through many mechanisms.[12] All fat may not be equally atherogenic, however; visceral (central) obesity appears to be more deleterious than subcutaneous adiposity.[13] A myriad of other conditions, from gallbladder disease to sleep apnea to osteoarthritis to certain cancers, are increased in individuals with a body mass index (BMI) ≥ 30 kg/m2, but are beyond the scope of this review.[5] 

Benefits of Reducing Obesity

It is clear from numerous short-term studies of patients with and without diabetes that weight loss produces many benefits. Weight loss lowers blood pressure, improves the lipid profile, and improves blood glucose levels.[5] These benefits may persist for 1-2 years after follow-up.[14] Physical activity is also beneficial and may enhance the cardiovascular benefits seen with weight loss.[15,16] There is likely a weight-independent benefit of exercise as well.[17] Data from longer-term studies of weight loss (more than 1 year) are becoming increasingly available. Several studies have been performed in overweight patients with hypertension.[18-22] On average these studies showed a weight loss of 3-4 kg between treatment and control groups at ~3 years. This degree of weight loss had a long-term impact on blood pressure and/or the need for hypertension medication. Subjects with the greatest initial weight loss had the greatest reductions in blood pressure.[23] 

In individuals with prediabetes, the Diabetes Prevention Program (DPP) and the Finnish Diabetes Prevention Program have shown the benefits of sustained weight reduction and exercise in the prevention of progression to diabetes.[24,25] Patients in the DPP, the intensive lifestyle group, were compared with patients in the placebo and metformin groups. The weight loss in the intensive lifestyle group was relatively small (~7%) and accompanied by an increase in physical activity (~150 minutes per week). This intervention reduced rates of progression to type 2 diabetes by 58% over 3 years. This happened even though many patients regained some of the weight over the 3 years of the trial. (An average overall weight loss of ~5% was found at the end of 3 years.) The DPP was not powered to assess CVD outcomes, but surrogate markers improved. Hypertension, which was present in 30% of participants at baseline, increased in the placebo and metformin groups, and significantly decreased with intensive lifestyle intervention (ILI). Triglyceride levels fell and high-density lipoprotein cholesterol (HDL-C) levels rose more significantly in the intensive lifestyle group than in the placebo-treated or metformin-treated groups. Use of antihypertensive and antihyperlipidemic medications decreased in the intensive lifestyle group compared with the other groups.[26] 

Finally, weight loss caused a 33% reduction in C-reactive protein (CRP) from baseline to 1 year in men compared with a 7% decrease in the metformin group and 5% increase in the placebo group. In women, there was a 29% reduction in CRP in the lifestyle group, 14% in the metformin group, and 0% in the placebo group.[27] For individuals with type 2 diabetes, a 12-year observational study of intentional weight loss revealed that a weight loss of 20-29 lb was associated with a reduction in mortality.[28] Although observational, this study suggested that intentional weight loss can have a positive long-term effect on health in overweight individuals with type 2 diabetes.

The Look AHEAD study is an ongoing randomized controlled trial of 5145 obese individuals between 45 and 74 years (BMI > 25 kg/m2 or > 27 kg/m2 if taking insulin) with type 2 diabetes. Patients were randomized to an ILI or diabetes support and education (DSE).[29] Participants in the ILI group lost, on average, 8.6% of their initial weight compared with 0.7% in the DSE group. This was accompanied by a fall in mean glycated hemoglobin A1C from 7.3% to 6.6% (7.3%-7.2% in the DSE group) and a reduction in use of diabetes, hypertension, and lipid-lowering medications. Additionally, systolic and diastolic blood pressure, triglycerides, and HDL-C improved in the ILI group compared with the DSE group.

Bariatric surgery can produce greater, more durable weight loss in severely obese patients (BMI > 35 kg/m2). The Swedish Obese Subjects (SOS) study in bariatric surgery is a controlled trial of 4047 obese subjects randomized to either bariatric surgery or conventional weight loss intervention.[30] During 10 years of follow-up, the control group had no significant weight change, and the stabilized weight changes in each surgical group were as follows: gastric bypass, 25%; vertical-banded gastroplasty, 16%; and banding, 14%. There were 129 deaths in the control group and 101 deaths in the surgery group, which was significantly less in the latter group (P = .04). In general, ~30% of patients undergoing bariatric surgery have type 2 diabetes, and in many cases blood glucose levels normalize after surgery. This improvement is likely to be due to both caloric restriction as well as changes in levels of gut peptides that are integral to insulin secretion and satiety sensing.[31,32] In a recent study on the treatment of early (< 2 years) diabetes, ~73% of patients had normalization of their glucose tolerance with lap band surgery.[33] 

Of note, not all weight loss studies have shown a mortality benefit; some have shown an increase in events and death rates with weight loss.[5,34-37] However, some data are from observational studies in which it is difficult to differentiate intentional from unintentional weight loss. Additionally, the most obese patients may also have the greatest risk factors for cardiovascular events. There was no increased risk for mortality with weight loss seen in the DPP trial. However, it is important to supervise weight reduction, particularly in high-risk individuals, and fully evaluate their suitability for engaging in physical activity and other interventions.

Treatment of Obesity

At any given time in the United States, 44% of women and 29% of men have self-reported that they are attempting to lose weight.[38] Individuals spend more than $46 billion per year on weight loss attempts.[39] Although many different diets are available, no one diet is clearly superior to any other as long as calorie restriction occurs, along with an increase in physical activity and some form of behavioral intervention.[40] Unfortunately, the short-term weight loss is often not sustained and the weight is regained over the next few months to years.[41] Pharmacotherapy can be helpful, and bariatric surgery has shown promise, particularly in overweight individuals with type 2 diabetes.[42] In order to properly treat obesity with the fewest health risks, weight gain should be avoided in the first place. In the Nurses' Health Study, 18- to 55-year-old women who gained weight were at greater risk for coronary heart disease and stroke over the next 14-16 years than those who had remained weight-stable.[43] Efforts in children and adults are under way to promote healthy lifestyles and maintain normal body weight.[44] However, given that over 30% of the population is overweight, weight loss and weight maintenance must be aggressively pursued.

Current Recommendations for Weight Loss in Patients With Diabetes
The ADA guidelines for the treatment of type 2 diabetes specifically discuss weight loss as a goal in overweight individuals.[45] The current recommendations suggest that all individuals with prediabetes and diabetes should receive individualized medical nutrition therapy to help attain treatment goals (Table 1).

Table 1. ADA 2009 Nutritional Recommendations (Taken Directly From the Standards of Care Recommendations)[45] 
	Recommendation
	Level of Evidence

	1. Individuals who have prediabetes or diabetes should receive individualized MNT as needed to achieve treatment goals, preferably provided by a registered dietitian familiar with the components of diabetes MNT.
	B

	2. MNT should be covered by insurance and other payers.
	E

	3. In overweight and obese insulin-resistant individuals, modest weight loss has been shown to reduce insulin resistance. Thus, weight loss is recommended for all overweight or obese individuals who have or are at risk for diabetes.
	A

	4. For weight loss, either low-carbohydrate or low-fat calorie-restricted diets may be effective in the short term (up to 1 year).
	A

	5. For patients on low-carbohydrate diets, monitor lipid profiles, renal function, and protein intake (in those with nephropathy) and adjust hypoglycemic therapy as needed.
	E

	6. Physical activity and behavior modification are important components of weight loss programs and are most helpful in maintenance of weight loss.
	B

	Fat Intake 

1. Saturated fat intake should be < 7% of total calories.

2. Intake of trans fat should be minimized. 
	

A

B

	Carbohydrate Intake 

1. Monitoring carbohydrate, whether by carbohydrate counting, exchanges, or experience-based estimation, remains a key strategy in achieving glycemic control.

2. For individuals with diabetes, the use of the glycemic index and glycemic load may provide a modest additional benefit for glycemic control over that observed when total carbohydrate is considered alone. 
	

A



B

	Bariatric Surgery 

1. Bariatric surgery should be considered for adults with BMI 35 kg/m2 and type 2 diabetes, especially if the diabetes is difficult to control with lifestyle and pharmacologic therapy.

2. Patients with type 2 diabetes who have undergone bariatric surgery need lifelong lifestyle support and medical monitoring.

3. Although small trials have shown glycemic benefit of bariatric surgery in patients with type 2 diabetes and BMI of 30-35 kg/m2, there is currently insufficient evidence to generally recommend surgery in patients with BMI < 35 kg/m2 outside of a research protocol. 
	

B



E


E


ADA = American Diabetes Association; BMI = body mass index; MNT = medical nutrition therapy 

Because of the benefits associated with weight loss, it is recommended for all overweight individuals with prediabetes and diabetes. No specific diet or weight loss medication is endorsed, but follow-up of the patient and an understanding of the role of fat and carbohydrate on risk factors in diabetes are advocated. In patients with type 2 diabetes and a BMI > 35 kg/m2, who have not succeeded with weight loss attempts, bariatric surgery is recommended.

Clinical Trials Data

In the past few years, results from a number of studies in patients with type 2 diabetes have been published. These data, more than any other, shape our current understanding of the role of weight, hypoglycemia, and glycemic control on CVD events in patients with type 2 diabetes (Table 2).

Table 2. Comparison of Large Clinical Trials in Diabetes and Cardiovascular Disease Outcomes 
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The UKPDS
The UKPDS is, to a large extent, the gold standard for assessing the benefits of glycemic control in individuals with type 2 diabetes.[46,47] This study included ~5000 individuals with new-onset type 2 diabetes. The initial treatment was diet and exercise, and in the first 3 months of the study the A1C values fell from ~9% to < 7%. Subjects were then randomized to standard care or more intensive care and followed for 10 years. After the initial study was completed, patients were then tracked for an additional 10 years: The ~1% difference in A1C levels between the 2 groups was eliminated, and an average A1C level of ~8% was maintained.[48] 

Although tight glucose control clearly produces benefit with regard to the development of microvascular complications, this benefit took time and was evident starting at year 4. Significance of macrovascular risk was seen at the 20-year follow-up.[48] A significant difference might have been observed sooner had the glycemic separation been maintained between the 2 groups, but this was not the case. Therefore, the first rule of diabetes outcomes research is that significant changes take time to uncover, and the time horizon must be long.

Patients enrolled in UKPDS were different from other recent trials in many ways. Besides having new-onset disease, few had existing CVD at study entry. Only 42% ended up on insulin during the active treatment phase of the study. Rates of severe hypoglycemia were quite low. Statins were not available for the treatment of lipid disorders at the initial phase of this study, and by the 20-year follow-up 40% of the original subjects had died, largely due to cardiovascular events. These findings indicate how much improvement is still needed to reduce cardiovascular risk in individuals with type 2 diabetes.

All of the subjects gained weight over time. However, those on metformin gained the least weight; the weight gain in this group was no different from that seen in the conventionally treated group. Moreover, in an analysis of the 342 obese patients initially randomized to metformin there was a significant reduction in CVD events, even during the first phase of the trial.[47] This is an intriguing finding, which, if repeated, suggests that perhaps drugs associated with less weight gain and hypoglycemia could be better in terms of CVD outcomes.

The ACCORD Trial
The ACCORD trial included 10,000 patients, ~30% of whom had had a prior CVD event, and the remainder were at high risk.[49] The aim of this trial was to compare very intensively treated individuals with type 2 diabetes (target A1C < 6%) with those who were given standard care (A1C ~7.5%). This was the most intensive study design of the large trials in patients with type 2 diabetes, designed to provide clear evidence in regard to the CVD benefits/risks of achieving and maintaining near euglycemia.

Compared with the UKPDS study, patients enrolled in ACCORD were older, had a much higher risk for CVD events, and in the intensively treated group many more were taking insulin. Additionally, increased weight gain and a higher rate of hypoglycemia were seen in patients intensively treated.

Unfortunately, the ACCORD trial was halted prematurely due to an increased overall mortality of patients in the intensively treated group. It is unknown exactly which factors were responsible for this, although many hypotheses have been promulgated. The most prevalent of these includes the role played by higher rates of hypoglycemia, with the added burden of weight gain. Risk factors for death involved inclusion in the secondary CVD prevention cohort (those entering the study with a prior CVD event) and a baseline A1C level > 8%.

Although the ADA and American Heart Association (AHA) have not changed the A1C target of < 7%, the need for individualized glycemic targets is clear.[50] For many in practice, the titration of insulin used in the ACCORD trial would not have been undertaken: If a 70-year-old man with a history of a myocardial infarction and an A1C level of 6.5% on multiple daily injections presented for follow-up, most would not further intensify his regimen to reach an A1C level < 6% as they did in ACCORD. Similarly, if a patient had an A1C level of 7.5% and frequent hypoglycemic reactions at a lower A1C level, a target of < 8% might be appropriate.[51] 

The ADVANCE Trial
This multinational trial in over 20 countries involved more than 11,000 individuals with type 2 diabetes.[52] Although designed to compare intensive vs standard therapy, the treatment goals were not as low as in ACCORD (< 6.5% vs standard care). Additionally, the therapeutic algorithm involved the use of titration of the sulfonylurea agent gliclazide in all patients. Rates of hypoglycemia were lower than in ACCORD, and there was no increase in death. There was, however, no macrovascular disease benefit, although there was a reduction in the development of nephropathy.

VADT
VADT was a smaller study (n = 1791) in which insulin was used intensively.[53] In the pilot to the VADT there was an increase in CVD risk associated with an increased rate of hypoglycemia with insulin.[54] In the larger study there was no overall increase in CVD risk or benefit to tighter control. However, it was found that there was some benefit on CVD benefit in patients with more recent onset disease (< 12 years' duration). It was also found that an episode of severe hypoglycemia portended a subsequent CVD event. Thus, tight glycemic control might be beneficial on CVD risk earlier in the disease, but severe hypoglycemia was particularly risky in those treated with insulin.

The PROactive Study
The PROactive study was designed to assess the CVD safety and efficacy of pioglitazone.[55] A total of 5238 individuals with type 2 diabetes were randomized to either pioglitazone (45 mg) or placebo and followed for ~36 months. The study was event-driven; therefore, there was no specific duration for treatment. At study completion there was no difference in the primary endpoint (all-cause mortality, nonfatal myocardial infarction, stroke, acute coronary syndrome, endovascular or surgical intervention in the coronary or leg arteries, and amputation above the ankle) between the 2 groups. However, the secondary endpoint, all-cause mortality, nonfatal myocardial infarction, and stroke did show a significant reduction in the pioglitazone-treated group compared with the placebo group (P = .027). This secondary endpoint is one that has often been used in studies as a primary endpoint, but unfortunately was not in this study. Regardless, data from this study have been helpful in showing the relative cardiovascular safety of pioglitazone, while also underscoring the risk for congestive heart failure when using thiazolidinediones -- which did not increase overall mortality, but did increase episodes of hospitalization for heart failure.

Although this study cannot be directly compared with the outcomes studies discussed above, there are some unique features. Use of pioglitazone improved multiple parameters compared with placebo. This included a greater A1C reduction, an improved lipid profile, and a slight improvement in blood pressure. These changes occurred regardless of greater weight gain in the pioglitazone-treated group (3.6 kg) compared with a 0.4-kg decrease in the placebo-treated group. As is known from other studies, this weight gain is likely in part due to an increase in plasma volume seen with thiazolidinediones and perhaps a shifting of fat distribution from visceral to peripheral stores.[56] The outcomes from this study suggested that the pioglitazone-associated weight gain may not necessarily be detrimental, perhaps because of the mitigating effects of the other metabolic benefits. The use of insulin and A1C reduction differed between the 2 groups. Overall, A1C levels were lower in the pioglitazone-treated group with fewer patients requiring the initiation of permanent insulin therapy. At study entry ~30% of patients were using insulin, nearly entirely in conjunction with oral agents, on the basis of study design. Insulin use increased by 2.7% in pioglitazone-treated patients and 12.4% in placebo-treated patients. In addition to helping patients avoid initiation of insulin therapy, pioglitazone-treated patients had a greater improvement in glycemia: The A1C level fell by 0.8% in the pioglitazone-treated patients (to ~6.9%) and by only 0.3% in the placebo group (to ~7.4%). Rates of severe hypoglycemia (defined as hypoglycemia requiring hospitalization) were low in both groups (19 [0.7%] in those on pioglitazone and 11 patients [0.4%] in those on placebo), and rates were not different between the 2 groups (P = .14). More symptomatic hypoglycemia occurred in patients on pioglitazone (28%) than on placebo (20%) (P < .0001).

The PROactive study, therefore, points out several key features. First, cardiovascular outcomes are not worsened, and potentially improved with pioglitazone compared with placebo. This occurred with weight gain, but less severe hypoglycemia and insulin use than in other studies. The benefits on pioglitazone on reducing insulin resistance and improving the features of the metabolic syndrome are in many ways similar to the benefits of intentional weight loss and increased physical activity. Thus, how antidiabetes drugs produce glucose lowering and interact with the entire metabolic profile may be as important as absolute A1C reduction, especially with drugs that increase rates of severe hypoglycemia.

A summary of the changes in patient weight and hypoglycemia control from each discussed clinical trial (Table 3) suggests that early treatment that is designed to improve weight loss and limit patient hypoglycemia is a reasonable approach in patients with type 2 diabetes.

Table 3. Comparison of Weight Gain and Severity of Hypoglycemia in Patients Enrolled in Large Diabetes Clinical Trials 

A. UKPDS[46-48] 
	
	UKPDS--
Conventional
	UKPDS--
Insulin
	UKPDS--
Sulfonylurea Agents (chlorpropamide/glibenclamide)
	UKPDS--
Metformin

	Weight Gain (approximate)
	2.5 kg
	6.5 kg
	4.0/3.5 kg
	2.5

	Hypoglycemia
	
	
	
	

	Severe
	0.7%
	2.0%
	1.2/1.0%
	0.6 (ITT)

	All
	7.9
	25.5%
	15.2/20.5%
	8.3%


B. ACCORD[49] 
	
	ACCORD--
Standard 
	ACCORD--
Intensive 

	Weight Gain
	0.4 kg
	3.5 kg

	Weight gain > 10kg since Baseline
	14.1%
	27.8%

	Hypoglycemia
	
	

	Requiring medical assistance
	3.5%
	10.5%

	Requiring any assistance
	5.1%
	16.2%


C. ADVANCE[52] 
	
	ADVANCE--
Standard
	ADVANCE--
Intensive

	Weight Gain
	-1 kg
	-0.1 kg

	Hypoglycemia
	
	

	Severe
	1.5%
	2.7%

	
	0.4/100 pt years
	0.7/100 pt years

	Minor
	90/100 pt years
	120/100 pt years


D. VADT[53,54] 
	
	VADT--
Standard
	VADT--
Intensive

	Weight Gain
	9 lbs
	18 lbs

	Hypoglycemia
	
	

	Severe
	4/100 pt years
	12/100 pt years

	All
	432/100 pt years
	1566/100 pt years


E. PROactive[55] 
	
	PROactive--
placebo
	PROactive--
pioglitazone

	Weight Gain
	-0.4 kg
	3.6 kg

	Hypoglycemia
	
	

	Hospitalization requiring
	0.5%
	0.86%

	Reported
	20%
	28%


GLP-1 Agonists

Although not yet studied in large clinical outcomes trials, glucagon-like peptide (GLP)-1 agonists (exenatide and liraglutide) may have benefits in reducing CVD risk compared with other agents. They are associated with weight loss, which produces a variety of positive effects. In data from the long-term extension study on exenatide, patients treated for 3 years experienced improvements in weight, glycemic control, CRP, and lipids and blood pressure.[57,58] Triglycerides decreased 12% (P = .0003); total cholesterol decreased 5% (P = .0007); low-density lipoprotein cholesterol (LDL-C) decreased 6% (P < .0001); and HDL-C increased 24% (P < .0001). Similar effects may be seen with liraglutide, which is not yet US Food and Drug Administration (FDA) approved, but acts as a GLP-1 agonist, reducing A1C levels leading to weight loss.[59,60] Finally, some data in animal models have suggested that GLP-1 may be directly beneficial to the heart.[61] 

Conclusion

As is often the case, well-designed research studies still do not provide definitive answers to clinical questions. In fact, the best studies generate the most questions. With regard to weight loss, hypoglycemia, and CVD risk, clinical judgment is extremely important. Weight loss, in most but not all studies, is beneficial, particularly with regard to surrogate markers. Long-term CVD risk data will be available with the completion of the Look AHEAD trial in 2013. Regardless of the findings, weight reduction is difficult to achieve and even harder to maintain in obese individuals with type 2 diabetes. Bariatric surgery, while not an option for all, is beneficial, particularly in patients with new-onset disease. Less invasive surgical procedures may help improve the accessibility of this approach.

When using medications for the treatment of diabetes, drugs that do not cause hypoglycemia and weight gain -- particularly central weight gain -- are advantageous. Although requiring further study, there are signals that both metformin and pioglitazone may help reduce cardiovascular disease risk. Markers, such as lipids, blood pressure, CRP, and weight, are reduced by exenatide. Long-term outcomes studies will need to further characterize these benefits.

Therefore, on the basis of the available evidence, early treatment with an approach designed to enhance weight loss and maintenance of near euglycemia without hypoglycemia appears to be reasonable. Drugs that may help achieve these targets include metformin, pioglitazone, sitagliptin, and/or exenatide. Sulfonylurea agents do lower blood glucose levels, but with an increased risk for hypoglycemia and weight gain. If beta-cell failure is more advanced and these measures fail, insulin therapy should be initiated.[45] It is important to titrate insulin doses on the basis of each patient's response and avoid excessive hypoglycemia. The A1C target should be raised in patients with existing cardiovascular disease, particularly if severe hypoglycemia occurs.
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