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Patients with type 2 diabetes have a significantly increased risk of developing cardiovascular disease. Atherosclerosis
kills more diabetic patients than all other causes combined. Multiple risk factors tend to cluster in some patients in
asyndrome termed insulin resistance syndrome or “Syndrome X.” Increasing evidence has changed the recommended
management of diabetes from simple glucose control to aggressive lipid management and control of the other
components of the metabolic syndrome to prevent development of cardiovascular disease. One mechanism linking
hyperglycemia and atherogenesis is nonenzymatic glycation of proteins. Hyperglycemia increases the linkage of
glucose to proteins producing insoluble complexes, termed advanced glycation end products, that cause endothelial
cell changes. Glycation of lipoproteins increases their atherogenic potential. It is not clear whether intensive glucose
control in diabetic patients significantly lowers the rate of long-term macrovascular complications, and glucose
control by itself may not be sufficient to prevent cardiovascular disease. Elevated triglyceride levels in diabetic
patients are risk factors for cardiovascular disease. Though LDL-cholesterol levels are not necessarily elevated in
type 2 diabetes, higher levels (or LDL phenotype B) are shown to be more atherogenic. The association between
obesity and hypertension is well documented, and obesity can worsen other risk factors. Glycemic control may not
always normalize lipid and lipoprotein levels, particularly in type 2 diabetes. Trials of intensive glycemic control
have not shown a significant reduction in coronary events despite significant decreases in microvascular complications.
Medical nutrition therapy and exercise remain the cornerstone for nonpharmacologic treatment with a goal of improved
insulin sensitivity.
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increased risk of developing cardiovascular  Increasing evidence has changed our management of diabetes from

disease (CVD), and, once clinical cardiovascular disease  simple glucose control to aggressive lipid management and control
develops, these patients have a poorer prognosis than  of the other components of the metabolic syndrome to prevent
normoglycemic patients. Hyperglycemia, the major problem in  development of CVD or to decrease morbidity and mortality in
diabetes, plays a direct role in inducing endothelial changes that ~ patients already known to have CVD. In addition to weight control,
contribute to atherosclerosis. All cardiovascular risk factors except  exercise, aspirin therapy, and blood pressure control, therapy to
smoking are more prevalent in patients with type 2 diabetes. In  control the diabetic dyslipidemia is usually necessary. The choice of
recent years, type 2 diabetes has been associated with a group of ~ agent or combination of statins, bile acid sequestrants, fibric acid
other conditions that contribute to atherosclerosis, collectively — derivatives, and nicotinic acid depends on the lipid profile and
known as the metabolic syndrome or “Syndrome X”. The syndrome ~ characteristics of the individual patient.
consists of hypertension, atherogenic dyslipidemia, and a

P atients with type 2 diabetes have a significantly  procoagulant state in addition to the disorder of glucose metabolism.
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Epidemiology of Cardiovascular Disease in
Diabetics

Approximately 12 million Americans have type 2 diabetes and
an estimated 20 million more Americans have some degree of glucose
intolerance (1). Atherosclerosis accounts for approximately 80% of
all mortality in diabetic patients, and more than 75% of
hospitalizations for diabetes complications are attributable to CVD
(2,3). Mortality from coronary artery disease is approximately 3- to
10-fold higher in patients with type 1 diabetes (4) and about 2-fold
higher in men and 4-fold higher in women with type 2 diabetes (5).
Coronary artery disease, strokes, and peripheral vascular disease are
approximately 2.5 times more prevalent in white and Hispanic men
with diabetes compared with nondiabetics. Diabetes also is the most
common cause of heart disease in young people. At the time of first
diagnosis of type 2 diabetes, more than 50% of patients are found to
have preexisting CVD (6). In women, there isa 3.5- to 4.5-fold greater
risk for these complications associated with diabetes (7-9), and
women with diabetes lose the protection against coronary heart
disease (CHD) observed in premenopausal women without diabetes.
In the Framingham Heart Study, the age-adjusted incidence of
myocardial infarction at the 26-year follow-up was higher in diabetic
women than in diabetic men (13.8 per 1000 persons vs. 13.1 per
1000 persons) (7), and the risk of recurrent myocardial infarction in
women with diabetes was twice that in diabetic men (10).

Mechanisms for Atherogenesis in Diabetes
Hyperglycemia
One mechanism linking hyperglycemia and atherogenesis is
nonenzymatic glycation of proteins, including circulating
lipoproteins. Linkage of glucose to proteins produces insoluble
complexes termed advanced glycation end products (AGEs), the
formation of which is increased in hyperglycemia. AGE proteins
cause endothelial cell changes such as:
* Increasing endothelial permeability
* Impairment of endothelium-dependent vasodilation
by depletion of nitric oxide
* Smooth muscle cell proliferation through cytokine
induction resulting from binding of AGE-bound
proteins to specific macrophage receptors
* Increased secretion of platelet-derived growth factor
and enhanced chemotaxis of blood monocytes
* Procoagulatory changes on the endothelial cell
surface and increased oxidative stress by binding to
endothelial cells (11-13).

Glycation of lipoproteins increases their atherogenic potential.
Glycation of low density lipoprotein (LDL) can prolong its half-life,
increasing the likelihood that it will be trapped in the vascular wall
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where it is more susceptible to oxidation (14). Glycation of high
density lipoprotein (HDL) causes increased HDL clearance, while
glycation of very low density lipoprotein (VLDL) and apolipoproteins
E and C can prolong the persistence of VLDL or apoliproprotein
remnants in the blood stream (15,16).

Based on results from a limited number of interventional clinical
trials, it is not clear whether intensive glucose control in diabetic
patients significantly lowers the rate of long-term macrovascular
complications. One of the first large trials, the University Group
Diabetes Program, showed inconclusive results (17). In the Diabetes
Control and Complications Trial (DCCT) (18), the risk of
macrovascular disease was reduced by 41% in type 1 diabetic patients
on intensive therapy, although this difference was not statistically
significant. In patients with type 2 diabetes, neither the Kumamoto
study (19) nor the VA Cooperative trial of intensive therapy (20)
showed benefits in reducing CHD with improved glycemic control.
The United Kingdom Prospective Diabetes Study (UKPDS) (8),
another large study evaluating the effect of intensive glucose control
in newly diagnosed type 2 diabetics, showed a reduction of
macrovascular disease but it did not reach statistical significance
(p=0.052) except in a subgroup of obese patients assigned to
metformin treatment. The results of these studies suggest that the
increased risk of CVD in diabetic patients on treatment to control
blood glucose is due to one or more components of the disease
process and glucose control by itself may not be sufficient to prevent
CVD.

The Metabolic Syndrome or Syndrome X

Multiple risk factors for CVD tend to cluster in some patients as
seen in type 2 diabetes. This syndrome was first described by Reaven
and was termed insulin resistance syndrome or “Syndrome X" to
include insulin resistance, hyperinsulinemia, glucose intolerance or
type 2 diabetes, hypertension, and an atherogenic profile (low levels
of HDL cholesterol with elevated VLDL triglycerides) (21-23). This
syndrome has been expanded to include small, dense LDL
cholesterol; postprandial lipemia; high levels of plasminogen
activator inhibitor (PAI-I); and obesity, and the syndrome may be
present for years before the development of diabetes. High insulin
levels have been shown to be a marker for insulin resistance and
have been associated with the above risk factors for atherosclerosis.

Lipid abnormalities

Triglycerides, with or without low HDL-cholesterol:
Recent studies have shown elevated triglyceride levels in patients
with diabetes to be positive and independent risk factors for CVD.
In the Paris Prospective Study of men with diabetes or impaired
glucose tolerance, the only significant, independent risk factor for
CHD mortality on multivariate analyses was an elevated triglyceride
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level (24,25). The study demonstrated that the mean annual CHD
mortality was approximately three times higher in men with elevated
triglyceride (>123 mg/dL) and cholesterol (>220 mg/dL) levels
compared with men with lower levels. In 1998, the Copenhagen
Male Study demonstrated hypertriglyceridemia as a risk factor for
CHD, independent of HDL-cholesterol levels (26). Elevated
triglyceride levels are associated with a procoagulant state that may
accelerate atherogenesis in patients with diabetes. When triglyceride
levels are elevated, the activity of factor VI and factor X is heightened,
and PAL-I concentrations as well as platelet aggregability are increased.

In the VA Cooperative Studies Program High-Density
Lipoprotein Cholesterol Intervention Trial (VAHIT) (12), gemfibrozil,
a fibric acid derivative, increased HDL cholesterol levels and
decreased triglyceride levels compared with placebo in men with
and without diabetes who had CHD and low HDL cholesterol levels
as the primary lipid abnormality. After 5 years, VAHIT investigators
found that the risk of a major coronary event was 22% lower and the
risk of the combined outcome of CHD death, nonfatal myocardial
infarction, or stroke was 24% lower in gemfibrozil-treated patients
compared with placebo-treated patients (P<0.05 for major coronary
event and combined outcome).

Baseline data from the UKPDS showed that both decreased HDL
and elevated LDL predicted CHD (8). In observational studies, HDL
may be the most consistent predictor of CHD in type 2 diabetes
subjects, followed by triglycerides and total cholesterol (27).

LDL Phenotype: LDI-cholesterol levels are not necessarily
elevated in type 2 diabetes. However, an increase in the small, dense
LDL cholesterol (or LDL phenotype B), shown to be more
atherogenic, is twice as prevalent in diabetic men with normal lipid
levels than in nondiabetic normolipidemic men (52% versus 24%)
(28). LDL phenotype B is closely associated with increased levels of
triglycerides, apolipoprotein B, VLDL, and intermediate-density
lipoprotein mass, and decreased HDL cholesterol. The risk of
myocardial infarction is increased nearly 3-fold in persons with LDL
phenotype B, even when adjusted for other CHD risk factors (29).
In the Stanford Coronary Risk Project (30), LDL Phenotype B was
one of three predictors of coronary risk in men and women (the
other two predictors being cigarette smoking and high total levels
of non-HDL cholesterol). Moreover, patients with LDL phenotype
B were shown to have a better response to hypolipidemic therapy,
regardless of lifestyle modifications (diet, exercise, etc.) or
pharmacologic therapy as assessed by angiography and changes in
lipoprotein parameters, than patients with LDL phenotype A.

Increased LDL phenotype B results in functional endothelial
damage to the arterial wall. Endothelial cells, smooth muscle cells,
and macrophages in the arterial wall can oxidize LDL, which acts as a
chemoattractant for circulating monocytes. Oxidized LDL cholesterol
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is taken up much more rapidly via scavenger receptors than is native
LDL. Platelets aggregate and adhere to the area of endothelial injury
and release thromboxane, a potent vasoconstrictor and proaggregant,
and growth factors that stimulate smooth muscle cell proliferation
and migration. All of these processes can lead to the formation of
an atherosclerotic plaque, which tends to propagate itself, and, in
the final stages of plaque development, thrombi accumulate and
smooth muscle cells die, resulting in a plaque consisting of fibrotic
debris with lipid and calcium deposits.

Obesity

Obesity is a prominent feature of the metabolic syndrome. The
association between obesity and hypertension is well documented,
and obesity can worsen other risk factors (31). Obesity in patients
with type 2 diabetes is associated with atherogenic changes in lipids
and lipoproteins. For example, triglyceride levels are generally higher
in obese persons than in lean persons. The distribution of fat, rather
than overall obesity, determines risk. The reported association
between increased abdominal (upper body) fat and an increased
risk of CHD relates to visceral fat, for which the waist-to-hip ratio is
a convenient index. A waist-to-hip ratio of greater than 1.0 in men
and 0.8 in women indicates abdominal obesity (32). The waist
circumference alone also correlates well with the amount of visceral
fat, and the relationship is similar in men and women (33).

Treatment of Dyslipidemia in Diabetes

Glycemic control may not always normalize lipid and lipoprotein
levels, particularly in type 2 diabetes. Although there is some
evidence that glycemic control may affect atherogenesis, trials of
intensive glycemic control have not shown a significant reduction in
coronary events despite significant decreases in microvascular
complications (34). A number of clinical trials (though not studied
directly in diabetics) have shown promising results in lowering the
risk of coronary artery disease by lipid control. In the Scandinavian
Simvastatin Survival Study (4S), simvastatin (HMG CoA reductase
inhibitor or “statin”) significantly reduced CHD incidence and total
mortality in diabetic subjects with high LDL cholesterol and with
previous clinical CHD. In the Cholesterol and Recurrent Events
(CARE) trial, pravastatin reduced CHD incidence significantly in
diabetic subjects with average LDL levels and with previous clinical
CHD by 27%. In the Helsinki Heart Study, gemfibrozil was found to
produce reductions of 8.1% in total cholesterol, 6.5% in LDL, and
30.7% in triglycerides and an increase of 11% in HDL in 135 patients
with type 2 diabetes. However, the 68% decrease in CHD risk in the
diabetic population did not achieve statistical significance owing to
the small number of diabetic patients enrolled (34).

The American Diabetes Association updated its
recommendations for the management of dyslipidemia in adults with
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diabetes based on a companion Technical Review. The new
guidelines divide atherosclerosis risk in diabetic patients into three
categories based on lipoprotein levels. Higher risk levels are defined
as LDL 130 mg/dL or greater, HDLless than 35 mg/dL, or triglycerides
400 mg/dL or greater. Lower risk levels are defined as LDL less than
100 mg/dL, HDL greater than 45 mg/dL and triglycerides less than
200 mg/dL. Borderline risk levels are defined as lipid levels between
the values for higher and lower risk. For all diabetic patients, the
goal is reduction of LDL cholesterol levels to 100 mg/dL or less and
triglycerides to 200 mg/dL or less. Medical nutrition therapy (MNT)
is initiated in all diabetic patients with LDL greater than 100 mg/dL.
This is also the threshold for initiation of pharmacologic therapy in
diabetic patients unless they are completely free of coronary,
peripheral vascular, and cerebrovascular disease and have no other
CHD risk factors. In the latter group of patients, an LDL level of
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130 mg/dL or greater is the level for initiating drug therapy. Diabetic
patients with triglycerides 1000 mg/dL or greater require immediate
and aggressive treatment to lower triglycerides to less than
400 mg/dL to lessen the risk of acute pancreatitis. Secondary goals
of therapy include reducing triglycerides to less than 200 mg/dL and
increasing HDL cholesterol levels to greater than 35 mg/dL in men
and 45 mg/dL in women.

MNT and exercise remain the cornerstone for
nonpharmacologic treatment. The American Heart Association
(AHA) dietary guidelines recommend total cholesterol intake of less
than 300 mg/d and total fat intake constituting less than 30% of total
calories, with saturated fat accounting for less than 10% of total
calories and polyunsaturated and monounsaturated fat accounting
for equal portions of the remainder of fat calories (step I AHA diet)
(35). This is further reduced to total cholesterol intake of less than

Table. Summary of drugs available for treatment of dyslipidemia and their mechanism of action

Drug Lipoprotein effects (%) Major side effects Glucose levels
LDL TG HDL
Firstline agents
LDL lowering HMG-CoA
reductase inhibitors (statins)
Atorvastatin 40-60% 20-40% 5-12% T GI symptoms, headache, >
hepatotoxicity, myopathy
Fluvastatin 20-32% 4 NA NA
Lovastatin 2440% 4 | 1019% 4 | 7-10% T
Pravastatin 2234% 4 | 1524% 4 | 712% 7T
Simvastatin 2433% 4 | 1019% 4 | 7-12% T
Triglyceride lowering fibric
acid derivative
Gemlfibrozil Variable 4 30-50% 5-15% T GI symptoms, hepatotoxicity, o,
myopathy, BM depression
Second line agents
Bile acid sequestrants 1535% 530% T —or T GI symptoms >
Nicotinic acid 10-40% 4 2050% 4 | 10-30% T Flushing, itching, rash,
GI symptoms, worsening
glucose intolerance

HDL = high-density lipoprotein; LDL = low-density lipoprotein; TG = triglycerides

GI = gastrointestinal (abdominal pain, flatulence, diarrhea, constipation) T indicates increase; 4 indicates decrease; <= indicates no effect or unchanged
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200 mg/d and limitation of saturated fat to less than 7% of total
cholesterol (step Il AHA diet) if lipid goals are not met within 3-4 months.
The AHA has suggested that maximal MNT typically reduces LDL
cholesterol by 15-25 mg/dL, thus, if the LDL cholesterol exceeds the
goal by more than 25 mg/dL, pharmacologic therapy may be started at
the same time as dietary therapy. Pharmacologic therapy should also
be instituted if lifestyle changes do not result in achievement of lipid
goals by the third to sixth month.

Improved insulin sensitivity is a desirable goal of treatment. Two
classes of oral agents, metformin and the thiazolidinediones, have been
shown to decrease insulin resistance while exerting some degree of
benefit on triglyceride levels and other risk factors for cardiovascular
disease. Metformin lowers LDL and triglycerides while modestly
elevating HDL levels, whereas the thiazolidinediones may increase HDL
and LDLlevels. In patients with persistent triglyceride elevations despite
maximal oral hypoglycemic therapy, insulin may be necessary to improve
both residual hyperglycemia and dyslipidemias.

If residual dyslipidemia remains after an adequate period of glycemic
control (3-6 months) or, in any event, after 6 months of hypoglycemic
treatment, pharmacologic hypolipidemic therapy should be considered.
A number of agents available for treatment of dyslipidemia have been
shown to be effective in dyslipidemic diabetics (Table).

Summary

Atherosclerosis kills more patients with diabetes than all other
causes combined. The aggressive treatment and reversal of dyslipidemias
have been shown to prevent coronary events in type 2 diabetics.
Glycemic control is often only partially effective in normalizing lipid
values in type 2 diabetes. An intensive nonpharmacologic approach
plus lipid-regulating agents, particularly HMG-CoA reductase inhibitors,
is often necessary to normalize diabetes-associated dyslipidemias.
Addressing each component of the metabolic syndrome is necessary
for the proper management of the diabetic patient.
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