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The risk for cardiovascular disease (CVD) is multifactorial and includes such risk factors as diabetes, 
hypertension, smoking, and dyslipidemia. Thus, targeting the hyperglycemia in type 2 diabetes mellitus 
(DM) alone will not eliminate all of the excess cardiovascular risk; rather aggressive treatment is needed 
for all of the modifiable cardiometabolic risk factors. Therapeutic lifestyle change is considered primary 
therapy for hyperglycemia in type 2 DM. Currently, however, the focus in treatment is on preventing CVD 
rather than controlling glucose, lipid, or blood pressure (BP) levels. The American Diabetes Association 
guidelines identify low-density lipoprotein cholesterol as the first priority of lipid lowering, with optimal 
level set at <100 mg/dL (2.6 mmol/L). To reach the target BP level of <130/85 mm Hg, >65% of patients 
with DM and hypertension will require 2 or more different antihypertensive drugs. Strategies that com-
bine thiazolidinediones and statins may have complementary effects on cardiovascular risk-factor profiles 
in type 2 DM, in addition to controlling glycemia. Despite the range of treatment options available, thera-
peutic agents that target new steps in the progression of CVD are needed, as patients with type 2 DM 
remain at increased risk and many do not achieve therapeutic targets with the drugs available. (Clinical 
Cornerstone. 2007;8[3]:53–68) Copyright © 2007 Excerpta Medica, Inc.
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Type 2 Diabetes Mellitus Is Associated 
with Multiple Cardiometabolic Risk 
Factors

Cardiometabolic risk factors by definition predispose 
patients to cardiovascular disease (CVD) and type 2 
diabetes mellitus (DM). These risk factors range from 
smoking and obesity to elevated glucose levels and 
hypertension (Table I).1 Patients should undergo treat-
ment not only for their glucose disorders but for all  
of their cardiovascular risk factors. Because of the re-
lationship between obesity, especially abdominal or 
central obesity, and other cardiometabolic risk factors, 
weight loss is critically important if patients are over-
weight. However, weight loss is often overlooked or 
not emphasized sufficiently as a treatment option dur-
ing efforts to control blood glucose, blood pressure (BP), 
and dyslipidemia in patients with type 2 DM. This 
paper reviews the magnitude of the risk of CVD in 
patients with type 2 DM and presents guidelines and 
treatment strategies for minimizing cardiovascular 
risk factors in these patients.

CARDIOVASCULAR DISEASE RISK IN  
TYPE 2 DIABETES MELLITUS
Type 2 DM is an independent risk factor for macrovascu-
lar disease and is often accompanied by other CVD risk 
factors. Patients with type 2 DM have an increased 
prevalence of lipid abnormalities that contribute to higher 
rates of CVD.2 CVD is the major cause of mortality for 
individuals with type 2 DM.2–4 Adults with type 2 DM have 
cardiovascular death rates 2 to 4 times higher than those 
of adults without it.3,5 In fact, patients with type 2 DM 
but no history of myocardial infarction (MI) have as high 
a risk of dying as patients without type 2 DM who have 
a history of MI (Figure 1).3

Type 2 DM causes microvascular disease. Patients are 
often diagnosed with type 2 DM 4 to 7 years after the 
disease process had begun (Figure 2), by which time 
~20% already exhibit microvascular diabetic complica-
tions.6 They are also 2 to 5 times more likely to develop 
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macrovascular disease (ie, CVD) than nondiabetic indi-
viduals.6 These complications occur as a result of the fact 
that glycemia is a continuous risk factor for vascular 
disease with no apparent threshold.7 

The absolute risk of CVD varies depending on the type of 
diabetes, age, and the baseline risk in the population. The 
National Cholesterol Education Program (NCEP) Adult 
Treatment Panel III (ATP III) and the American Heart 
Association have designated diabetes as a CVD risk equiva-
lent and recommend intensive risk-factor management.5,8 The 
INTERHEART study,9 an international, standardized, case-
control study of >27,000 individuals from 52 countries, dem-
onstrated that diabetes is a risk factor of equivalent magnitude 
to hypertension for MI. Indeed, the risk of MI was increased 
3.8-, 3.2-, 2.2-, and 2.0-fold for smoking, dyslipidemia, diabe-
tes, and hypertension, respectively.

Moreover, CVD accounts for a large proportion of the 
health care use attributable to DM.2 Chronic complica-
tions of DM include several types of CVD, such as ath-
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	TABLE  I. CARDIOMETABOLIC RISK FACTORS. 

Cardiometabolic risk describes the cluster of modifiable risk 
factors or markers that identify individuals at increased risk for 
cardiovascular disease (myocardial infarction, stroke, peripheral 
arterial disease) and type 2 diabetes:

•  Smoking

•  Elevated low-density lipoprotein cholesterol

•  Inflammatory markers

•  Insulin resistance

•  Impaired insulin secretion

Included in the definition of metabolic syndrome:

•  Elevated blood pressure

•  Abdominal adiposity

•  Low level of high-density lipoprotein cholesterol

•  Elevated triglycerides

•  Elevated blood glucose

Reprinted with permission from Watson K. Managing cardio-
metabolic risk: An evolving approach to patient care. Crit Pathw 
Cardiol. 2007;6:5–14.
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Figure 1. �Probability of death from coronary heart disease (CHD) in patients with and without 
diabetes. Kaplan-Meier estimates of the probability of death from CHD in 1059 pa-
tients with type 2 diabetes and 1378 nondiabetic patients with and without a history 
of myocardial infarction (MI). The vertical bars represent 95% CIs. Reproduced with 
permission from Haffner SM, Lehto S, Ronnemaa T, et al. Mortality from coronary 
heart disease in subjects with type 2 diabetes and in nondiabetic subjects with and 
without prior myocardial infarction. N Engl J Med. 1998;339:229–234. © Copyright 
1998, Massachusetts Medical Society. All rights reserved.
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erosclerotic CVD, cardiomyopathy, heart failure, MI, 
angina pectoris, stroke, and transient ischemic attack.2,10 

Patients with type 2 DM have an array of risk factors or 
markers for CVD (eg, dyslipidemia, elevated levels of 
inflammatory mediators and coagulation/thrombolytic 
factors, hypertension) in addition to hyperglycemia, as 
well as other nontraditional risk factors, many of which 
are closely associated with insulin resistance.11,12 
Cardiometabolic risk may remain, however, despite treat-
ment of risk factors,13 since patients often do not achieve 
therapeutic targets for all risk factors. 

The level of control of cardiovascular risk factors 
among patients with type 2 DM can be estimated from the 
Third National Health and Nutrition Examination Survey 

(NHANES III, 1988–1994) and NHANES 1999–2000.14,15 
Less than 10% of patients had good control over all 3 risk 
factors, including glycosylated hemoglobin (A1C), BP, 
and total cholesterol levels (Figure 3).14 One reason for 
suboptimal control is inadequately aggressive treatment of 
cardiovascular risk factors in patients with type 2 DM 
because of the perception that a long time will elapse 
between diagnosis and the development of macrovascular 
complications.16 This perception is incorrect, however, as 
demonstrated in a study of >12,000 patients in the type 2 
DM cohort of a prescription database.16 Age-standardized 
incidence rates of stroke were compared between the DM 
cohort and the general population. The risk of stroke was 
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Figure 2. �The typical clinical course of type 2 diabetes, including the progression of glycemia 
and the development of complications, and the usual sequence of interventions. 
Reproduced with permission from Nathan DM. Clinical practice. Initial manage-
ment of glycemia in type 2 diabetes mellitus. N Engl J Med. 2002;347:1342–1349.  
© Copyright 2002, Massachusetts Medical Society. All rights reserved.
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high (9.1%) in the DM cohort within 5 years of diagnosis 
and was more than twice the rate for the general popula-
tion, supporting the need for aggressive early cardiovascu-
lar risk management in patients with type 2 DM. 

HEART FAILURE AND DIABETES
Heart failure is the most common cause of hospitaliza-
tion in older patients and commonly coexists with type 2 
DM. In the Framingham study, the proportion of heart 
failure cases explained by DM alone was 12% in women 
and 6% in men.17 Diabetes is an important risk factor for 
the development of heart failure, independent of hyper-
tension or coronary artery disease, and patients with type 
2 DM experience a higher rate of adverse outcomes from 
heart failure.18 One factor that may contribute to these 
adverse outcomes is diabetic cardiomyopathy, which is 
characterized by myocyte hypertrophy and interstitial 
fibrosis.18 In addition to cardiac structural abnormalities 
(ie, left ventricular hypertrophy), functional abnormali-
ties have been reported, such as cardiac conduction 

defects.19 Changes in coagulation parameters resulting in 
hypercoagulability and hyperfibrinolysis have also been 
detected in patients with type 2 DM and may play a role 
in the pathogenesis of cardiovascular complications.20 

METABOLIC SYNDROME AND 
CARDIOVASCULAR EVENTS
Metabolic syndrome is a cluster of commonly occurring 
cardiovascular risk factors. It is not surprising, therefore, 
that a recent meta-analysis21 of 37 studies involving 
172,573 individuals showed that metabolic syndrome 
was associated with almost double the risk of cardiovas-
cular events and death (relative risk [RR], 1.78; 95% CI, 
1.58–2.00) compared with individuals without metabolic 
syndrome. For specific outcomes, the RR ranged from 
1.60 (95% CI, 1.28–2.01) for coronary heart disease 
(CHD) to 2.18 (95% CI, 1.63–2.93) for any cardiovascu-
lar event. Not all studies provided separate results for 
men and women, but in the 7 studies that did, the asso-
ciation between metabolic syndrome and cardiovascular 
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Figure 3. �Percentages of adults with type 2 diabetes who were at the recommended levels for 
vascular risk factors in the Third National Health and Nutrition Examination Survey 
(NHANES III, 1988–1994) and NHANES 1999–2000. A1C = glycosylated hemoglobin; 
BP = blood pressure. Reproduced with permission from Saydah SH, Fradkin J, Cowie 
CC. Poor control of risk factors for vascular disease among adults with previously 
diagnosed diabetes. JAMA. 2004;291:335–342. © Copyright 2004, American Medical 
Association. All rights reserved.
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events or death was a third higher in women than in men 
(RR, 2.63 vs 1.98; P = 0.09).

HYPERGLYCEMIA INCREASES 
CARDIOVASCULAR RISK
The level of A1C provides an estimate of the average 
blood glucose levels over the previous 8 to 12 weeks and 
gives a more accurate picture of diabetes control for a 
particular patient than do simple plasma glucose levels. 
Tight glycemic control substantially reduces the risk of 
diabetes-related complications. The United Kingdom 
Prospective Diabetes Study was the first study that exam-
ined glycemic targets for patients with type 2 DM with 
respect to the risk of microvascular end points.22 Patients 
with an A1C level of 7.0% had a 25% reduction in this 
risk (P = 0.0099) compared with those who had an A1C 
level of 7.9%. A later study showed that each 1% reduc-
tion in mean A1C was associated with reductions of 21% 
in the risk of any diabetes-related end point, 21% for 
diabetes-related death, 14% for MI, and 37% for micro-
vascular complications (all, P < 0.0001).23 The American 
Diabetes Association (ADA)2,24 and the Canadian Dia-
betes Association24 recommend a general A1C goal of 
<7% and to consider targeting a normal A1C (<6%) if it 
can be achieved without unacceptable hypoglycemic 
events. The American Association of Clinical Endo- 
crinologists (AACE)24,25 recommends an A1C goal of 
≤6.5%, while the International Diabetes Federation26 
recommends an A1C goal of <6.5%. However, this 
degree of glycemic control requires a compliant and 
motivated patient, an informed and motivated physician, 
an appropriate treatment regimen, vigilant monitoring, 
and a close partnership between the patient and a multi-
disciplinary team of health care professionals to ensure 
accurate monitoring and appropriate actions.27 

Targeting hyperglycemia alone, however, does not 
reduce the excess risk found in people with type 2 DM, 
so aggressive treatment is also needed for other risk fac-
tors.11 The ADA guidelines for the management of type 
2 DM note that it is difficult for many patients to achieve 
the recommended glycemic targets with the therapies 
that are currently available.2 One problem with many 
diabetes medications is that they cause weight gain, 
which is itself associated with future CVD events. How-
ever, as exemplified by the study conducted by Woerle et 
al,28 an A1C <7% is achievable with the majority of 
patients without weight gain or severe hypoglycemia.

In addition to various insulin preparations, drug classes 
approved for treatment of diabetes include sulfonylureas 
(eg, glyburide, glipizide, glimepiride), thiazolidinediones 
(TZDs, eg, pioglitazone, rosiglitazone), glinides (eg, 
repaglinide, nateglinide), biguanides (eg, metformin), 
α-glucosidase inhibitors (eg, acarbose, miglitol), dipepti-
dyl peptidase (DPP)-4 inhibitors (eg, sitagliptin), and 
glucagon-like peptide-1 (GLP-1) mimetics (eg, exena-
tide). In general, for patients with A1C levels <8.5%, 
sulfonylureas, metformin, TZDs, repaglinide, sitagliptin, 
and exenatide are equally efficacious and somewhat 
superior to nateglinide and α-glucosidase inhibitors.29,30 

The ADA2,31 and AACE32 have published their recom-
mended treatment approaches. Both the ADA and AACE 
agree that metformin is the preferred first-line drug for 
the treatment of type 2 DM.

HYPERTENSION IS COMMON IN DIABETES
Hypertension, defined as BP ≥130/80 mm Hg in diabetic 
patients versus ≥140/90 mm Hg in nondiabetic patients, is 
an extremely common comorbid condition in type 2 DM. 
Estimates show that hypertension affects 60% to 71% of 
patients with diabetes, depending on obesity, ethnicity, 
and age.33–35 Patients with type 2 DM who develop hy- 
pertension have some unique characteristics, such as a 
tendency to develop proteinuria, salt sensitivity with chang-
es in extracellular volume, disturbances in BP patterns, and 
a tendency toward systolic hypertension.36 A retrospec-
tive, cross-sectional study conducted in 362 patients with 
type 2 DM who were treated at an ambulatory care cen-
ter showed that 79% of the patients had concomitant 
diabetes and hypertension.37 The hypertension was con-
trolled (BP <135 mm Hg) in 65% of those patients with 
both medical conditions. 

Hypertension is a risk factor for cardiovascular mor- 
bidity and mortality. Hypertension increases the risk of 
both microvascular and macrovascular complications of 
diabetes, including stroke, coronary artery disease, periph-
eral vascular disease, retinopathy, nephropathy, and pos-
sibly neuropathy. Consequently, patients with type 2 DM 
should have BP checked at each visit and treated to a tar-
get of <130/80 mm Hg. Untreated hypertension can result  
in enlargement of the heart and heart failure, aneurysm, 
renal failure, vision impairment, and atherosclerosis.1 A 
study conducted in population cohorts in the Asia-Pacific 
region indicated that, among patients with type 2 DM, 
each 10 mm Hg higher than the usual systolic BP was 
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associated with a greater risk of 18% for CHD, 29% for 
ischemic stroke, and 56% for hemorrhagic stroke.38 Hy- 
pertension is also a risk factor for the development of type 
2 DM. A 28-year follow-up of a subgroup of men with 
treated hypertension reported that 20% of the patients 
developed new-onset DM.39 These patients had a signifi-
cantly and independently higher risk of stroke morbidity 
and total mortality than patients who did not develop DM.

Treatment of hypertension reduces the risk of morbidi-
ty and mortality. In 1 study, each 10–mm Hg decrease in 
BP was associated with risk reductions of 12% for any 
complication related to diabetes, 11% for MI, 13% for 
microvascular complications, and 15% for diabetes-related 
death.40 The main classes of agents used to treat hyper-
tension are diuretics, β-blockers, calcium-channel block-
ers, angiotensin-converting enzyme (ACE) inhibitors, 
and angiotensin II receptor blockers.41 The most com-
monly prescribed antihypertensives are β-blockers and 
ACE inhibitors, which together account for 58% of anti-
hypertensive drugs prescribed in the United States.41

It has been estimated that >65% of patients with DM 
and hypertension will require 2 or more different antihy-
pertensive drugs to reach the target BP of <130/85 mm Hg 
(Figure 4).42–59 ACE inhibitors have been recommended 
as the first-line antihypertensive treatment in patients with 
type 2 DM and with proteinuria.46 A considerable risk of 
acute stroke remains in patients receiving treatment for 
concomitant type 2 DM and hypertension.47 This residual 
risk indicates that patients are not being treated optimally 
for all of their cardiometabolic risk factors.

DIABETIC DYSLIPIDEMIA
Both the NCEP ATP III and ADA guidelines identify 
low-density lipoprotein (LDL) cholesterol as the first 
priority of lipid lowering; the optimal level is set at  
<100 mg/dL (2.6 mmol/L).48 High-dose therapy with 
hydroxymethylglutaryl coenzyme A reductase inhibitors 
(statins) or combination therapy will be required for most 
patients with type 2 DM to achieve the optimal LDL goal 
of <70 mg/dL. The combination of ezetimibe, bile-acid 
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Figure 4. �Mean number of antihypertensive agents needed per patient to achieve target systolic 
blood pressure (SBP) goals, by trial. Numbers in parentheses indicate the SBP goal in 
each study. ALLHAT = Antihypertensive and Lipid-Lowering Treatment to Prevent Heart 
Attack Trial; IDNT = Irbesartan Diabetic Nephropathy Trial; RENAAL = Reduction of 
Endpoints in Non-Insulin-Dependent Diabetes Mellitus with Angiotensin II Antagonist 
Losartan; UKPDS = United Kingdom Prospective Diabetes Study; ABCD = Appropriate 
Blood Pressure in Diabetes; MDRD = Modification of Dietary Protein in Renal Disease; 
HOT = Hypertension Optimal Treatment; AASK = African-American Study of Kidney 
Disease. Reproduced with permission from Bakris GL. The importance of blood 
pressure control in the patient with diabetes. Am J Med. 2004;116(Suppl 1):30–38.  
© Copyright 2004, American Medical Association. All rights reserved.
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sequestering agents, niacin, and fenofibrate with moder-
ate doses of statins appears to be safe, but the long-term 
safety of combination therapy with high-dose statins 
remains to be demonstrated.49 

The dyslipidemia that occurs in type 2 DM consists 
of small dense LDL particles, elevations in remnant 
triglyceride (TG)-rich lipoprotein particles, and low 
levels of high-density lipoprotein (HDL) cholesterol 
(Table II).7,50 Treatment for diabetic dyslipidemia is 
generally directed toward lowering serum LDL-
cholesterol levels with statins, leaving substantial excess 
risk of CVD in patients with these types of dyslipidemias. 
Evidence from landmark secondary-prevention studies has 

shown that LDL lowering in type 2 DM is associated with 
significant clinical benefits (Table III).7,51–57 The correla-
tion between cardiovascular event rates and LDL-
cholesterol levels in trials comparing statin therapy 
with placebo is shown in Figure 5.58

Trials investigating cardiovascular outcomes after treat-
ment for dyslipidemia in patients with type 2 DM are 
listed in Table IV.57,59–69 The Collaborative Atorvastatin 
Diabetes Study (CARDS),63 the first primary-prevention 
study of cholesterol lowering specifically in patients with 
type 2 DM, was conducted in 2838 patients in the United 
Kingdom and Ireland. Patients were randomized to pla-
cebo or atorvastatin 10 mg daily with an intended 6-year 

	TABLE  II.  THE MAIN LIPID ADNORMALITIES IN TYPE 2 DIABETES. 

Lipoprotein	 Plasma Level	 Kinetic Abnormalities	 Qualitative Abnormalities

VLDL	 ↑ (hypertriglyceridemia)	 ↑ Production	 Large VLDL (VLDL1)

		  ↓ Catabolism	 Glycation*

LDL	 Normal or slightly ↑	 ↓ Catabolism	 Small dense LDL (TG-rich LDL)

		  ↓ Turnover	 Oxidation

			   Glycation

HDL	 ↓	 ↑ Catabolism	 TG-rich HDL

			   Glycation

VLDL = very-low-density lipoprotein; LDL = low-density lipoprotein; TG = triglyceride; HDL = high-density lipoprotein.
*Glycation is a nonenzymatic reaction between a sugar and the free amino groups of proteins.
Adapted with permission from Verges B. Diabetic dyslipidaemia: Insights for optimizing patient management. Curr Med Res Opin. 
2005;21(Suppl 1):S29–S40. 

	TABLE  III.  �LANDMARK TRIALS WITH SUBGROUP ANALYSES OF PATIENTS WITH DIABETES TREATED  
FOR DYSLIPIDEMIA.

		  No. of 
		  Patients with DM/	 Follow-up,	 Relative Risk 
Study	 Intervention	 Total Population	 y	 Reduction

Statins	 			 

   HPS51	 Simvastatin	 2912/20,536	 5 	 ↓33% in CV events

   LIPID52	 Pravastatin	 782/9014	 6.1 	 ↓19% in CHD events

   CARE53	 Pravastatin	 586/4159	 5 	 ↓25% in CHD events

   4S54	 Simvastatin	 483/4398	 5.4 	 ↓42% in CHD risk

Fibrates	 			 

   VA-HIT55	 Gemfibrozil	 769/2531	 5.1 	 ↓32%  in CHD risk

   HHS56	 Gemfibrozil	 135/4081	 5 	 ↓68% in CHD risk

DM = diabetes mellitus; HPS = Heart Protection Study; CV = cardiovascular; LIPID = Long-term Intervention with Pravastatin in 
Ischaemic Disease; CHD = coronary heart disease; CARE = Cholesterol and Recurrent Events; 4S = Scandinavian Simvastatin Survival 
Study; VA-HIT = Veterans Affairs High-Density Lipoprotein Intervention Trial; HHS = Helsinki Heart Study.
Adapted with permission from Hanefeld M. Outcome studies in type 2 diabetes. Curr Med Res Opin. 2005;21(Suppl 1):S41–S48.
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follow-up. The primary end point was a composite of time 
to first occurrence of acute coronary event, coronary 
revascularization, or stroke. The primary composite end 
point favored the atorvastatin group (P = 0.001), and rates 
of individual end points were also significantly lower for 
patients randomized to atorvastatin. Forty percent reduc-
tions in LDL-cholesterol levels were observed, which are 
larger than usually seen in statin trials. The CARDS inves-
tigators concluded that all patients with type 2 DM should 
be considered for treatment with statins. However, one 
limitation of the study is that it was prematurely stopped 
after a median of 3.9 years when a significant difference 
in the primary end point was reached.

The Atorvastatin Study for Prevention of Coronary 
Heart Disease Endpoints in non-insulin-dependent dia-
betes mellitus66 was also conducted in a large patient 
population with type 2 DM and a history of CHD who 
were randomized to atorvastatin 10 mg daily or placebo. 
Two years into the study, the protocol was amended to 

include patients without a history of CHD. The primary 
outcome was the time to the first occurrence of a com-
posite end point of cardiovascular death, MI, stroke, 
recanalization, coronary artery bypass grafting, resusci-
tated cardiac arrest, or worsening angina requiring hospi-
talization. The results demonstrated no significant differ-
ences in primary or individual end points for all patients 
in either the primary- or secondary-prevention subgroup. 
However, the study was not powered to detect differ-
ences in primary- or secondary-prevention subgroups 
alone. Furthermore, a significant proportion (27%) of the 
placebo group was taking statin therapy. Thus, it is still 
an open question whether statin therapy should be initi-
ated in all patients with type 2 DM in the absence of 
other cardiovascular risk factors. 

Medication adherence can be an issue for patients 
with type 2 DM because of the multiple medications they 
are required to take to manage their various cardiometa-
bolic risk factors. A study of 8408 patients enrolled in a 
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Figure 5. �Correlation between cardiovascular event rates and low-density lipoprotein (LDL) cho-
lesterol levels in trials comparing statin therapy with placebo. HPS = Heart Protection 
Study; CARE = Cholesterol and Recurrent Events; LIPID = Long-term Intervention with 
Pravastatin in Ischaemic Disease; 4S = Scandinavian Simvastatin Survival Study;  
TNT = Treating to New Targets. Reproduced with permission from LaRosa JC, Grundy 
SM, Waters DD, et al, for the Treating to New Targets (TNT) Investigators. Intensive 
lipid lowering with atorvastatin in patients with stable coronary disease. N Engl J 
Med. 2005;352:1425–1435. © Copyright 2005, Massachusetts Medical Society. All 
rights reserved.
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US managed-care health plan who initiated both hyper-
tension treatment and lipid-lowering therapy found that 
the percentage of patients adherent with both therapies 
declined rapidly to 44.7%, 35.9%, and 35.8% at 3, 6, and 
12 months, respectively.70 Thus, most of the decrease in 
adherence occurred in the first 3 months. 

ATHEROGENESIS IN DIABETES 
Atherosclerosis is a complex process in which endotheli- 
al cell dysfunction plays a prominent role. Atherosclerotic 
lesions (atheromata) are asymmetric thickenings of the 
innermost layer of the artery, the intima. The atheroma is 
preceded by a fatty streak, an accumulation of lipid-
containing cells beneath the endothelium. The cells pres-
ent in the fatty streak are macrophages and some T cells. 
The endothelial cells produce cytokines, proteases, pro-
thrombotic molecules, and vasoactive compounds. All of 
these secreted molecules can affect local inflammation 
and vascular function.71 Patients with type 2 DM experi-

ence a diffuse and accelerated progression of atheroscle-
rosis. Atherosclerotic plaques are frequently more severe 
and at greater risk of subsequent complications.72 Diabetic 
plaques usually have a greater lipid core burden and a 
larger inflammatory component and are more commonly 
complicated by overlying thrombosis.73 Insulin resistance 
can increase levels of very-low-density lipoprotein choles-
terol, which contain high concentrations of TGs, resulting 
in high serum TG levels and low serum HDL-cholesterol 
levels.74 Small dense LDL particles are highly atherogenic, 
more likely to form oxidized LDL, and less readily 
cleared. Low HDL-cholesterol  is an independent risk fac-
tor for CVD.

INCREASED RISK OF MORBIDITY AND 
MORTALITY DUE TO SMOKING
Both abdominal adiposity and smoking contribute to 
insulin resistance and other metabolic derangements.75 In 
the INTERHEART study,9 smoking was as important a 

	TABLE  IV.  �DIABETES TRIALS INVESTIGATING CARDIOVASCULAR OUTCOMES AFTER TREATMENT FOR 
DYSLIPIDEMIA. 

		  No. of 
		  Patients with DM/		  Relative Risk 
Study	 Intervention	 Total Population	 Follow-up	 Reduction

UGDP60	 Tolbutamide, insulin	 823	 5.5 y		 Inconclusive

UKPDS61	 Metformin	 342	 10.7 y		 ↓39% in MI

DIS62	 Clofibrate	 1139		 5 y	 Inconclusive

DCCT63	 Insulin	 1441	 6.5 y		 ↓41% in CV events

CARDS64	 Atorvastatin	 2838	 3.9 y		 ↓37% in CV events

IDNT65	 Irbesartan, amlodipine	 1715	 2.6 y		 ↓9% to 12% in CV events

RENAAL66	 Losartan	 1513	 3.4 y		 ↓10% in CV risk

ASPEN67	 Atorvastatin	 2410		 4 y	 ↓Nonsignificant in  
					     CV composite end point

PROactive68	 Pioglitazone	 5238	 34.5 mo	 ↓Nonsignificant for risk of  
					     CV composite end point

PROactive 0469	 Pioglitazone	 5238	 34.5 mo	 ↓Significant for risk of  
					     recurrent stroke
FIELD70	 Fenofibrate	 9795		 5 y	 ↓Nonsignificant (11%) for risk  
					     of MI or CHD death

DM = diabetes mellitus; UGDP = University Group Diabetes Program; UKPDS = United Kingdom Prospective Diabetes Study; MI =  
myocardial infarction; DIS = Diabetes Intervention Study; DCCT = Diabetes Control and Complications Trial; CV = cardiovascular; 
CARDS = Collaborative Atorvastatin Diabetes Study; IDNT = Irbesartan Diabetic Nephropathy Trial; RENAAL = Reduction of 
Endpoints in non–insulin-dependent diabetes mellitus with the Angiotensin II Antagonist Losartan; ASPEN = Atorvastatin Study for 
Prevention of Coronary Heart Disease Endpoints in non-insulin-dependent diabetes mellitus; PROactive = Prospective Pioglitazone 
Clinical Trial in Macrovascular Events; FIELD = Fenofibrate Intervention and Event Lowering in Diabetes; CHD = coronary heart 
disease.
Adapted with permission from Hanefeld M. Outcome studies in type 2 diabetes. Curr Med Res Opin. 2005;21(Suppl 1):S41–S48. 
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risk factor for MI as dyslipidemia, hypertension, and dia-
betes. A heightened risk of morbidity and premature death 
is associated with the development of macrovascular 
complications among diabetic patients who smoke.2,76,77 
Smoking is also related to the premature development of 
microvascular complications of diabetes.2 Cigarette smok- 
ing is a modifiable risk factor for increased mortality in 
women with type 2 DM77 and for the development of type 
2 DM in men.78 

ADA guidelines recommend that health care provid-
ers advise all smokers with type 2 DM to quit smoking 
because of the adverse health effects.2,79 Smoking cessa-
tion has been associated with improvement in A1C lev-
els80 and can have a positive impact on cardiovascular 
health, particularly in patients with type 2 DM. Although 
smoking cessation is associated with weight gain, the 
overall cardiovascular benefit of quitting is greater than 
the risk due to weight gain.78 

NEW PARADIGMS IN RISK REDUCTION 
THERAPIES 
The current approach involves treatment of individual 
risk factors but underemphasizes that these factors are 
continuous rather than categorical and that they have addi-
tive effects. Because cardiometabolic risk factors tend to 
cluster and are continuous rather than categorical, patients 
generally have been treated late in the natural history of 
the disease. These subclinical conditions could be dis-
covered through a comprehensive evaluation of the 
patient, which would allow recommendations for optimal 
treatment to address all of the risk factors.1 

Therapeutic lifestyle changes are considered primary 
therapies for hyperglycemia in type 2 DM because they are 
considered to be inexpensive, natural, and without the side 
effects that accompany drug therapy. There are numerous 
studies demonstrating the effectiveness of lifestyle interven-

tions (eg, diet and exercise) with and without pharma-
cotherapy.81,82 The problem, however, is that patients often 
find it difficult to sustain these lifestyle changes and there-
fore to maintain the resulting weight loss and cardiovascular 
benefit.83 One option for some morbidly obese and super-
obese individuals may be surgery.84 New pharmacothera-
peutic agents may also be appropriate options. 

Because no treatment is 100% effective in all patients, 
there is residual risk with any given therapy. This residu-
al risk is particularly evident in patients with multiple 
risk factors.1 Patients may also have gaps in treatment 
because medications are usually indicated for 1 or maybe 
2 risk factors. Thus, the optimal treatment of multiple 
risk factors requires multiple prescriptions. Currently, 
the focus in treatment is on preventing CVD rather than 
controlling glucose, lipid, or BP levels. A number of medi-
cations with novel mechanisms of action have been evalu-
ated recently for the treatment of patients with type 2 DM 
and multiple cardiometabolic risk factors.

Fibrates: PPAR-α Agonists
Fibrates (fenofibrate, bezafibrate, gemfibrozil) activate 

the nuclear transcription factor peroxisome proliferator-
activated receptor-α (PPAR-α). Activation of PPAR-α 
results in increased lipolysis and clearance of atherogenic 
TG-rich lipoproteins.85 Fibrates also have pleiotropic 
effects that are not related to lipids, such as reductions in 
fibrinogen, C-reactive protein, proinflammatory cyto-
kines (interleukin-6, tumor necrosis factor-α), and uric 
acid levels; improvements in flow-mediated dilatation; 
and increases in homocysteine levels.85 Fibrates decrease 
TGs more than statins do and increase HDL-cholesterol 
levels, especially when baseline levels are low.50,86

Favorable results have been reported in some fibrate 
trials that contained subgroups of patients with type 2 DM, 
such as the Veterans Affairs High-Density Lipoprotein 
Intervention Trial55 and the Helsinki Heart Study.56 The 
Fenofibrate Intervention and Event Lowering in Diabetes 
study71 examined the efficacy of fenofibrate in reducing 
cardiovascular morbidity in type 2 DM. After 5 years, 
there was a nonsignificant 11% reduction in the primary 
end point (the risk of MI or CHD death) for fenofibrate 
compared with placebo.

Thiazolidinediones: PPAR-γ Agonists 
The nuclear transcription factor PPAR-γ is expressed 

most abundantly in adipose tissue, but it is also found in pan-

Key Point

The current approach involves 
treatment of individual risk factors 
but underemphasizes that these 
factors are continuous rather than 
categorical and that they have 
additive effects. 
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creatic β-cells, vascular endothelium, and macrophages.87 Its 
expression is low in the liver, heart, and skeletal muscle—
tissues that express predominantly PPAR-α. PPAR-γ ago-
nists have several antiatherogenic properties, such as 
increasing TG lipolysis, free fatty acid transport, and con-
version of free fatty acids to TGs. TZDs have variable 
effects on HDL-cholesterol and TG levels, as well as benefi-
cial nonlipid effects, such as regulating mediators involved 
in inflammation, endothelial dysfunction, monocyte and 
macrophage function, and fibrinolysis. 

TZDs promote fatty acid uptake and storage in adipose 
tissue, thus increasing adipose tissue mass and sparing 
insulin-sensitive tissues such as skeletal muscle and liver 
from the harmful effects of high concentrations of free 
fatty acids. Troglitazone was the first TZD approved in the 
United States in 1997, but the drug was removed from the 
market because of safety concerns (hepatotoxicity). The 
TZDs currently available in the United States are rosig- 
litazone and pioglitazone, both approved in 1999.88,89 

Dipeptidyl Peptidase-4 Inhibitors
The gastrointestinal incretin hormones (GLP-1 and 

glucose-dependent insulinotropic polypeptide [GIP]) are 
released when food is ingested; they enhance the glucose-
dependent insulin response and suppress the glucagon 
response.90 However, GLP-1 and GIP undergo rapid 
enzymatic degradation by DPP-4. DPP-4 inhibitors are a 
new class of antihyperglycemic drugs that slow the inac-
tivation of GLP-1 and GIP. These agents are not likely to 
produce hypoglycemia as an adverse effect, may have 
beneficial effects on β-cell function, and can be admin-
istered orally.

Sitagliptin was approved by the US Food and Drug 
Administration in October 2006 and has shown signifi-
cantly better efficacy than placebo in reducing A1C when 
used as add-on therapy in patients with suboptimal glycemic 
control with oral antihyperglycemic drugs.91,92 Sitagliptin 
was also shown to be effective as monotherapy in patients 
with type 2 DM.93,94 

Incretin Mimetics
Exenatide is the first drug in a new drug class called 

incretin mimetics. Exenatide is a synthetic peptide with 
incretin properties similar to those of GLP-1. It is resis-
tant to enzymatic degradation by DPP-4 and has a gluco-
regulatory potency that is up to 3000-fold greater than 
that of native GLP-1.95 Therapeutic actions of exenatide 

include decreasing inappropriate glucagon secretion, de- 
creasing overall food intake by delaying gastric empty-
ing, and preventing hyperglycemic episodes by targeting 
postprandial insulin responses. Exenatide is intended for 
use as adjunctive therapy in patients with type 2 DM who 
have not achieved adequate glycemic control with met-
formin, a sulfonylurea, or the combination of both medi-
cations. The drug is injected twice daily before morning 
and evening meals. 

CONCLUSIONS
CVD is the major cause of mortality for individuals with 
type 2 DM, in part because type 2 DM often coexists 
with other cardiometabolic risk factors such as hyperten-
sion and dyslipidemia. In fact, targeting hyperglycemia 
alone does not reduce the excess risk in type 2 DM, so 
aggressive treatment is also needed for the other risk fac-
tors. Currently, the focus is on preventing CVD rather 
than just controlling glucose, lipid, or BP levels. Several 
medication classes are available for the different cardio-
metabolic risk factors, including antihyperglycemic, 
antihypertensive, and lipid-lowering agents. The primary 
treatment is lifestyle change, followed by LDL-cholesterol 
lowering with statins. Combinations of drugs with differ-
ent mechanisms of action are frequently used, but 
patients with type 2 DM still have a residual risk of car-
diovascular events. Thus, new drugs are still needed and 
are in development to reduce the morbidity and mortality 
from cardiovascular events in patients with diabetes.
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EDITORIAL BOARD
What is the pathogenesis of diabetic cardiomyopathy?

GERICH
It is unclear whether it represents a microvascular or 

macrovascular complication. We tend to lean toward 

a microvascular one because it seems to involve small 

vessels in a somewhat patchy distribution, as opposed to 

disease in a large coronary vessel. As a result, it is not 

accessible to an angioplasty or a surgical intervention.

EDITORIAL BOARD
Is it a cause for patients who have heart attacks despite 
normal coronary angiograms?

GERICH
Yes. And these people also are more prone to develop-

ing heart failure. 

EDITORIAL BOARD
When shooting for a target blood pressure of 
<130/80 mm Hg in patients with diabetes, clinicians 
will sometimes experience difficulty getting the sys-
tolic pressure down to goal without bottoming out the 
diastolic. How would you manage such a patient? 

GERICH
Although that can be a problem, it is equally a problem 

in people without diabetes. Suffice it to say that I’d 

back off on lowering the systolic pressure further if the 

diastolic begins to dip below 60 mm Hg, especially in 

elderly people, and accept the higher systolic pressure.

EDITORIAL BOARD
What low-density lipoprotein cholesterol (LDL-C) 
level do you target in patients with diabetes? 

GERICH
Although the National Cholesterol Education Program 

generally recommends a target LDL-C of <100 mg/dL 

for patients with diabetes and <70 mg/dL primarily for 

patients with diabetes and known coronary heart dis-

ease, I generally shoot for the latter in all of my diabetic 

patients >40 years of age. I keep asking my cardiology 

colleagues if you can have an LDL-C that is too low and 

they always say “no.” 

EDITORIAL BOARD
What are your thoughts about the Nissen meta- 
analysis regarding thiazolidinediones (TZDs) in 
patients with diabetes? 

GERICH
Dr. Nissen’s analysis is controversial because it depends 

on what statistics you use. Furthermore, the PROspective 

pioglitAzone Clinical Trial in macroVascular Events 

(PROACTIVE) study was negative because it didn’t 

correct for multiple comparisons. Suffice it to say 

that there is no evidence that TZDs, independent of 

improving glycemic control, have a beneficial effect 

on cardiovascular disease. Thus, a lot of the reason for 

using them in the first place has vanished. You know 

they were promoted as providing an added benefit on 

top of improving glycemia. That has not proved to be 

the case. Even before the Nissen study, I usually rele-

gated them to a second- or third-tier therapy because 

they were more expensive than metformin, took a 

longer time to get to a maximum effect, and had more 

side effects. As expressed by others, I can’t think of a 

positive reason why someone would choose to start a 

patient on a TZD as opposed to one of the other drugs 

currently available.  

EDITORIAL BOARD
Would you use them to achieve better glycemic 
control in a patient already on metformin and a 
sulfonylurea?

GERICH
In such a patient, I generally wouldn’t add a third 

pill. I would likely add basal insulin therapy which 

would be more cost-effective. I primarily use TZDs 

in patients unable to tolerate metformin or who have a 

contraindication.
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EDITORIAL BOARD
Are fibrates and niacins underutilized in patients 
with type 2 diabetes?

GERICH 
I think niacin is. I don’t think fibrates are. Niacin is 

underused because of the fear that it may induce insulin 

resistance and make the diabetes worsein reality, its 

effect on glycemic control is rather small and can be over-

come by dose adjustment of the diabetic medications. 

EDITORIAL BOARD
When do you use niacin?

GERICH
I generally use niacin in patients with hypertriglyceri-

demia, particularly in patients in whom fibrates can’t 

be used. I generally use fibrates as first-line therapy 

because there are more data with them and you don’t 

have issues with flushing or the potential for deteriora-

tion in glycemic control. 

EDITORIAL BOARD
Aren’t you reluctant to add a fibrate to a patient already 
taking a statin because of the risk of rhabdomyolysis? 

GERICH
You know, I have never seen this myopathy and I often 

use a fibrate and a statin together. I warn patients about 

muscle pains, but I have been at the University of 

Rochester now 14 years and neither I nor my colleagues 

have ever had a case. This is pretty uncommonit is 

almost like an idiosyncratic reaction. 

EDITORIAL BOARD
How important is the glycemic index of carbohydrates? 

GERICH 
I am really not much of a believer in the glycemic index 

because it wasn’t generated with meals and whether 

you eat potatoes or rice as part of a meal makes a big 

difference. For years, we told people not to drink Coca 

Cola. Although we still don’t recommend it because of 

calories, it makes a big difference whether you drink it 

with a meal or not. 
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