case-Based review

Cardioprotective Strategies for Patients with
Type 2 Diabetes
Case Study and Commentary, Subbulaxmi Trikudanathan, MD, and Graham T. McMahon MD, MMSc
Abstract
• Objective:  To review evidence-based measures for
reducing cardiovascular (CVD) risk in patients with
diabetes.
• Methods:  Review of the literature.
• Results:  Most patients with diabetes will require at
least 1 oral hypoglycemic drug, and almost all will
ultimately require insulin. Until further data emerge,
the most appropriate initial choices remain metformin
and a sulfonylurea, moving to metformin and longacting insulin when glycemic control is suboptimal on
maximal dose therapy. Almost all patients should be
treated with an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker. In the absence of
contraindications, 81 mg of aspirin should be given
to all patients with diabetes who are age 40 or older.
For patients with diabetes whose lipids are not at target range, nonpharmacologic interventions (diet and
exercise) remain first-line therapies. Lowering lowdensity lipoprotein cholesterol is the first priority in
treating diabetic dyslipidemia. Statins are the agents
of first choice, followed by fibrates or ezetimibe.
• Conclusion:  CVD should be a primary concern for
patients with type 2 diabetes and the physicians
who care for them. Clinicians need to be sensitive to
the challenges these patients face in making therapeutic lifestyle changes and be adept at navigating
the polypharmacy that follows from targeting multiple CVD risk factors.

T

ype 2 diabetes is associated with a significant excess
risk for cardiovascular morbidity and mortality. Even
with the best medical therapies to control blood glucose, diabetic patients have poorer cardiovascular outcomes
than nondiabetic individuals. The risk for a coronary event
or stroke is 2 to 6 times higher in the diabetic population
than in the general population [1,2]. Mortality for diabetic
patients is higher after myocardial infarction (MI) [3] and
cardiac revascularization [4]. Even hyperglycemia at the
time of an acute MI is associated with increased mortality
regardless of a prior diagnosis of diabetes. In their systematic
review, Capes et al [5] calculated a 3.9-fold higher mortality
www.turner-white.com

rate for those whose blood glucose level was between 110 and
150 mg/dL compared with normoglycemia, with higher values associated with an incremental risk of heart failure and
cardiogenic shock. Morbidity and mortality from stroke also
are substantially increased; patients with diabetes are 3 times
more likely to die as a consequence of a stroke and have a
higher risk of permanent neurologic sequelae [6].
There is increasing evidence that cardiovascular disease
(CVD) risk can be reduced in patients with diabetes. Although glycemic control remains the key component of diabetes care, identification and management of other CVD risk
factors such as hypertension and dyslipidemia are also vital.
The American Diabetes Association (ADA) recommends at
least annual screening for CVD risk factors (dyslipidemia,
hypertension, family history of premature coronary disease,
presence of microalbuminuria) and as well as tight treatment goals for glycemia, blood pressure, and serum lipid
levels (Table 1) [7]. The American Heart Association [8] and
National Cholesterol Education Program (NCEP) [9,10] have
released similar guidelines recommending that patients
with diabetes be treated as high risk and advocating more
rigorous lipid and blood pressure targets for both primary
and secondary prevention of cardiovascular events if these
screening tests reveal abnormalities.
CASE STUDY
Initial Presentation
A 59-year-old woman with type 2 diabetes is referred to an endocrinology clinic for advice on how
to lower her risk for CVD.
History
The patient has a 7-year history of type 2 diabetes, currently
being treated with maximal doses of metformin (2500 mg/day)
and glipizide (40 mg/day). She is also taking ramipril
(2.5 mg/day) for mild hypertension. She reports that she does
not routinely check her blood glucose level.
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Table 1. Treatment Goals for Adults with Type 2 Diabetes

• How does this patient’s diabetes contribute to her risk
for CVD?

Glycemic control
Glycosylated hemoglobin
Preprandial plasma glucose
Peak postprandial plasma glucose
Blood pressure

< 7.0%
90–130 mg/dL
< 180 mg/dL
< 130/80 mm Hg

Lipids
Low-density lipoprotein

< 100 mg/dL

Triglycerides

< 150 mg/dL

High-density lipoprotein

> 40 mg/dL

Adapted from American Diabetes Association. Standards of medical
care in diabetes–2008. Diabetes Care 2008;31 Suppl 1:S12–54.

At a recent primary care visit, the patient was told that
her fasting lipid studies were abnormal and that she should
start treatment with a cholesterol-lowering medication. The
patient is concerned about her risk for heart disease since
her father died at age 57 after an acute MI. However, she is
also worried about the safety of medications for lowering
cholesterol, having heard that muscle damage is possible.
Although the patient previously quit smoking but relapsed
8 months ago. She drinks a glass or 2 of wine with dinner
most nights. She is a professor at a local university, not married, and travels in her spare time. She enjoys gardening but
engages in no aerobic exercise.
Physical Examination
On examination, the patient weighs 212 lb and is 5'7" (body
mass index [BMI], 33.2 kg/m2) with a waist circumference
of 34 in. Blood pressure is 136/86 mm Hg in the right arm
sitting, with a regular heart rate of 78 bpm. Fundoscopy is
unremarkable. Examination reveals no carotid bruits and no
acanthosis nigricans. Cardiorespiratory examination is normal. The abdomen is normal and without striae; there is no
indication of a secondary cause for her diabetes. Peripheral
pulses are intact and normal. Monofilament and vibratory
testing of the feet is normal.
Laboratory Evaluation
Results from laboratory studies performed 6 weeks earlier, in
advance of the patient’s most recent primary care visit, are:
• Glycosylated hemoglobin (HbA1c), 7.5%
• Total cholesterol, 225 mg/dL
• Low-density lipoprotein (LDL) cholesterol, 142 mg/dL
• High-density lipoprotein (HDL) cholesterol, 39 mg/dL
• Triglycerides, 220 mg/dL
• Urine albumin-to-creatinine ratio, 12 mg/g
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Type 2 diabetes exacerbates traditional modifiable risk factors
for CVD (eg, hyperlipidemia, systolic hypertension, cigarette
smoking), and according to the UKPDS risk engine (available
at www.dtu.ox.ac.uk), this patient’s 10-year risk of a coronary
event is approximately 20%. Data from trials such as the
Multiple Risk Factor Intervention Trial (MRFIT) reveal that
the cardiovascular risk associated with diabetes is equal to or
greater than the risk in the presence of 2 traditional risk factors. Each additional risk factor caused a greater incremental
rise in risk among individuals with diabetes than those without [11]. It is now apparent that adults with diabetes without
known cardiac disease have the same risk of a cardiovascular
event as nondiabetic adults with a history of MI [12].
The etiology of CVD in diabetic patients is multifactorial.
However, it is clear that longer duration of diabetes during
adulthood (the years of exposure to diabetes before age 20
add little to the risk of macrovascular disease), greater degree
of hyperglycemia, and the presence microalbuminuria correlate with greater risk of macrovascular disease. There is good
evidence that hyperglycemia is a core contributor to cardiovascular risk in these patients. The United Kingdom Prospective Diabetes Study (UKPDS) revealed that cardiovascular
risk rises with increasing HbA1c but at a slower incremental
rate than that for microvascular disease, suggesting a more
complex etiology to atherosclerosis than for retinopathy [13].
Even people with mild impairment of fasting plasma glucose
level may have excess risk [14]. The Honolulu Heart Program
showed during 23 years of follow-up that impaired glucose
tolerance doubled the risk of subsequent CVD and suggested
that much of the cardiovascular risk accrues before the onset
of clinical diabetes [15]. Microalbuminuria is an indicator of
the degree of endothelial dysfunction: patients with diabetes
and microalbuminuria have a two- to threefold higher risk
of cardiovascular events and death than those without this
finding but a similar duration of diabetes [16–18].
Case Continued
The patient is informed that, although her clinical
examination reveals no evidence of diabetic complications, CVD is a worry because she continues to smoke
and is hypertensive as well as diabetic. She is strongly
advised to quit smoking and is referred to a local smoking
cessation clinic. The importance of tight glucose control is
also emphasized. The endocrinologist recommends that the
patient begin monitoring her fasting glucose 2 to 3 times
per week, with a target level less than 130 mg/dL. The need
to intensify therapy with a third oral medication or insulin
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should the patient’s glycemic indices remain above target
and the advantages of initiating treatment with daily aspirin
(81 mg) are discussed.
Given the patient’s interest in alternative approaches
to lowering her cholesterol, she is offered the option of attempting a moderate degree of weight loss (at least 10 lb over
the next 6 months) achieved through dietary changes and
increased physical activity. She is referred to a nutritionist
and a trainer at a local health club. The patient is invited to
return in 3 months to check on her progress and to review
her glucose records and new laboratory data to be obtained
before the next visit.
• What evidence supports the lifestyle modifications
recommended to this patient?
Weight Reduction
Medical nutrition therapy can result in substantial improvements in glycemia, blood pressure, and lipid levels in individuals with diabetes. However, success with lifestyle intervention requires a coordinated team effort that empowers
the patient. Modified diets can be particularly appropriate
for those with obesity, CVD, and nephropathy. Hypertensive
diabetic patients can reduce their blood pressure through
reduction in sodium intake, restriction of alcohol consumption, and reduction of body weight [19].
Weight loss of as little as 5% of body weight can substantially reduce insulin resistance and improve glycemic
control. The ICAN (Improving Control with Activity and
Nutrition) study followed 147 patients with type 2 diabetes
and obesity randomized to lifestyle case management or
usual care for 12 months. The lifestyle program (at a cost of
$350/person) included a dietician referral and individual/
group education. The intervention group had greater weight
loss (3 kg), significantly greater reduction in waist circumference, and lower use of oral hypoglycemic agents when
compared with usual care [20]. Similarly, a 1-year dietary
and exercise intervention on newly diagnosed patients with
type 2 diabetes in Finland resulted in a better metabolic control and a moderate reduction in cardiovascular risk factors
as compared with the conventional treatment group. Weight
reduction and a reduced use of saturated fats appeared to be
the main determinants of successful treatment results [21].
The 1-year results of the Look AHEAD trial suggest that intensive lifestyle interventions result in clinically significant
weight loss in people with type 2 diabetes, with improved
HbA1c, lipid profile, and urine albumin to creatinine ratio
and reduced dependency on mediations [22]. A multidisciplinary approach in a weight control center utilizing the
expertise of dietician, exercise physiologist, and behavioral
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therapist would promote implementation of healthy lifestyle
behavior and supplement pharmacologic and surgical approaches to weight loss.
Pharmacologic approaches to weight loss generally are
not routinely recommended. Rimonabant, a selective cannabinoid receptor blocker shown to reduce body weight
and improve cardiometabolic risk factors in overweight and
obese patients [23,24], was evaluated in overweight/obese
patients with type 2 diabetes who were treated with metformin or a sulfonylurea was studied; after 1 year of treatment
with 20 mg of rimonabant, patients had lost a mean of 2.9 kg
more than the placebo group, and HbA1c reductions were
associated with that weight loss [25]. However, dropout was
high, and concerns have been raised about the psychiatric
effects of the drug. The U.S. Food and Drug Administration
elected not to approve the drug in mid-2007. Other drugs (eg,
sibutramine, orlistat) have been investigated in patients with
diabetes; however, sibutramine is associated with increases
in systolic blood pressure [26], and orlistat (now available
over the counter) is not generally well tolerated [27].
According to the National Institutes of Health consensus panel, obese individuals are candidates for weight loss
surgery if medical therapy has failed and if they have a BMI
of 40 kg/m2 or greater or a BMI of 35 kg/m2 or greater with
comorbid conditions [28]. The laparoscopic silicone gastric
banding procedure and gastric restriction combined with
diversion (ie, the Roux-en-Y gastric bypass) are commonly
used for inducing weight loss. Most perioperative morbidity
occurs from wound infection and cardiopulmonary dysfunction; however, with the emergence of laparoscopic techniques, the mortality rate is now less than 1% [29]. Sustained
weight loss through bariatric surgical intervention is associated both with prevention of progression of impaired glucose
tolerance and the clinical remission of early type 2 diabetes.
In the Swedish Obese Subjects study, bariatric surgery appears to be a viable option for the treatment of severe obesity,
resulting in long-term weight loss and graded reduction in
the incidence of diabetes following surgery. However, no differences were noted for recovery from hypercholesterolemia
in both groups [30].
Exercise
Physical inactivity is a significant risk factor for cardiovascular events in both men and women. In diabetic women,
physical inactivity (activity < 1 hour/week) is associated
with a doubling of cardiovascular event rates when compared with exercise for 7 hours per week [31]. Men with
diabetes share similar risks: low cardiorespiratory fitness
increased overall mortality by a factor of 2.9 when compared
with moderately or highly fit counterparts [32].
Physical activity continues to be a fundamental form of
diabetes management. Exercise influences several aspects
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of diabetes, including blood glucose concentrations, insulin
action, blood pressure, and lipid concentrations, and contributes to successful weight loss. While exercise produces
many benefits, patients should be thoughtful when engaging in a new exercise program. Rarely, exercise can precipitate a cardiac symptom or event, and autonomic neuropathy
may predispose patients to exercise-induced arrhythmias.
Clinicians may prefer to refer patients planning an exercise
program of moderate intensity or greater for evaluation
with exercise treadmill testing. During exercise, hyperglycemia can result from excess hepatic glucose output, and
ketogenesis can ensue. In contrast, hypoglycemia can result
from excess glucose uptake due to either increased insulin
concentrations, enhanced insulin action, or impaired carbohydrate absorption during exercise; consequently, insulin
doses should be reduced prior to exercise, although some
insulin is typically still needed. Blood glucose monitoring
before and after exercise is particularly important for those
with hypoglycemia unawareness. Appropriate foot care and
shoe selection can protect diabetics from developing podiatric complications as a result of their activity.
For patients with diabetes, the overall benefits of exercise
are significant. A recent study examining multiple healthy
lifestyle habits, including avoidance of smoking, engaging in
adequate leisure-time physical activity and consuming 5 or
more portions of fruits and vegetables per day, was associated with significantly better quality of life among diabetics
[33]. Identifying and preventing potential problems can
mitigate complications and promote this valuable approach
to healthy living.
Smoking Cessation
Smoking is likely to have at least as detrimental effect on
cardiovascular health in patients with diabetes as it does
in those without diabetes. Smoking is an independent risk
factor for MI, stroke, and all-cause mortality in patients with
type 2 diabetes [34]. Diabetic smokers are also at higher risk
for accelerated microvascular disease. Data show that cigarette smoking and increased urine albumin excretion are
interrelated predictors of nephropathy progression in patients with type 1 [35] and type 2 [36] diabetes, and smoking
increases urine albumin excretion in these patients despite
improved blood pressure control and pharmacologic inhibition of the angiotensin-converting enzyme (ACE).
Smoking cessation programs reduces tobacco use and are
cost-effective [37]. Furthermore, the risks of macrovascular
disease can be reduced by quitting [38], with significant
societal cost savings. The most effective smoking cessation programs unite physician and patient, with scheduled
follow-ups to review progress and provide support [39].
Discussing reasons for smoking triggers and preferred quit
strategy can be useful in negotiating a quit date.
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• What is the evidence in support of aspirin for cardiovascular risk reduction?

Evidence from controlled clinical trials supports the routine use of enteric-coated aspirin, 81 to 325 mg/day, as a
primary and a secondary prevention strategy in adults
aged older than 30 with diabetes. The Primary Prevention
Project evaluated the effect of low-dose aspirin (100 mg/day)
on subsequent cardiovascular events in 4495 individuals
with at least 1 of the following risk factors: hypertension,
hypercholesterolemia, diabetes, obesity, a family history of
premature MI, or being elderly. After a mean follow-up of
3.6 years, aspirin was found to significantly lower the frequency of cardiovascular death (from 1.4%–0.8%) and total
cardiovascular events (from 8.2%–6.3%) [40].
The Physician’s Health Study, which randomized 22,701
physicians to aspirin or placebo, contained a subgroup of
533 diabetic doctors. After 5 years, 325 mg of aspirin daily
reduced the risk of acute MI from 10% to 4% [41]. The Hypertension Optimal Treatment (HOT) trial also demonstrated
benefit to post-MI aspirin administration, a benefit that was
also seen in their subgroup of 1501 diabetics [42]. Similarly,
in the Early Treatment of Diabetic Retinopathy study, aspirin
produced a 28% reduction in MIs over 5 years [43].
Retrospective analysis of the diabetic subgroup in the
Clopidogrel versus Aspirin in Patients at Risk of Ischemic
Events (CAPRIE) study showed that of the 3866 diabetic patients randomized, 15.6% of those in the clopidogrel arm and
17.7% of those in the aspirin arm had the composite vascular
primary endpoint [44]. Clopidogrel appears to be an effective
antiplatelet agent for secondary prevention in patients with
diabetes, although aspirin is more cost-effective.
• What evidence supports the goal of tight glycemic control to reduce cardiovascular risk?
Glycemic Control
Chronic hyperglycemia is associated with a higher cardiovascular event rate, and evidence supports the assertion
that reducing glucose levels reduces the risk of developing
diabetes-specific complications. The now classic Diabetes
Control and Complications Trial (DCCT) and UKPDS studies examined the effect of glucose-lowering on micro- and
macrovascular outcomes in patients with type 1 and type 2
diabetes, respectively.
In the DCCT, 1441 type 1 diabetic patients were randomized to conventional or intensive diabetes management and
followed for a mean of 6.5 years. Intensive management tarwww.turner-white.com
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geted an HbA1c of 6%. The patients were free of documented
CVD, obesity, hypertension, and hypercholesterolemia. Although major macrovascular events were halved in the intensive group (23 vs. 40 events), the difference did not reach
statistical significance [45]. Those years of lower glucose levels were ultimately shown to be associated with significant
cardiovascular risk reduction, as illustrated by the study’s
follow-up trial, the Epidemiology of Diabetes Interventions
and Complications. Intensive treatment during the DCCT
trial was ultimately associated with a 57% lower long-term
cardiovascular risk [46]. The beneficial effect of lower
glucose levels was reinforced by the finding that coronary
artery calcification, an index of atherosclerosis measured by
computed tomography, was found to be significantly lower
in the intensive therapy group [47].
Although less well proven, the beneficial effect of lowering glucose is likely to be similar in type 2 diabetes.
The UKPDS recruited 3867 subjects with type 2 diabetes
suboptimally controlled on diet alone and randomized
them to conventional treatment (diet unless fasting glucose
> 270 mg/dL; n = 1138), or intensive treatment with a sulfonylurea (n = 1573) or insulin (n = 1156) [48]. Another group
of 1704 overweight patients (> 120% ideal) were randomized
to diet, metformin, sulfonylurea, or insulin [49]. Despite
improved HbA1c and microvascular endpoints in the intensively treated patients, the rates of stroke and amputation
did not quite reach statistical significance.
• Do diabetes medications vary in their effect on CVD
risk?
Metformin
Metformin reduces blood glucose levels by reducing hepatic
glucose production and improving insulin sensitivity in
patients with diabetes. Independent of its glycemic effect, metformin lowers total cholesterol, LDL cholesterol,
and particularly triglycerides, but has no effect on HDL
cholesterol [50]. Metformin has proven clinical benefit for
cardiovascular risk reduction in patients with diabetes
and has emerged as a first-line drug for the treatment
of type 2 diabetes [51]. In the UKPDS, overweight patients given metformin had fewer atherosclerotic complications, with a particular decrement in MI rates. Results
were better for metformin than for sulfonylurea or insulin. With intensive therapy (target glucose, 108 mg/dL),
metformin reduced the MI rate by 39% (P = 0.01), while sulfonylurea or insulin use was associated with a nonsignificant
risk reduction of 21% [49]. Although increasing evidence
exists regarding the safety of metformin and the extremely low risk of lactic acidosis (< 8 cases/100,000 patientwww.turner-white.com

years) [52], metformin should nevertheless be avoided in
patients with renal, hepatic, pulmonary, or heart failure.
Sulfonylureas
There is a theoretical reason why sulfonylureas may have an
adverse effect on diabetic patients with epicardial coronary
disease. Sulfonylureas act by inhibiting potassium channels,
which are present not only in the pancreatic beta cells but
also in the heart and vascular smooth muscle [53]. This class
of medications has been shown to prevent cardiac preconditioning, the ability of the heart to recover more quickly after
repeated ischemic insults [54]. The UKPDS is often cited
in defense of the safety of these agents, as glibenclamide
was associated with a reduction in MI rates, which was
almost statistically significant (P = 0.056). Sulfonylureas, like
insulin, increase the risk of weight gain and hypoglycemia.
These drugs remain second-line agents for treatment of type
2 diabetes; their combination with metformin is synergistic.
Thiazolidinediones
Thiazolidinediones (TZDs) improve insulin sensitivity and
glycemic control and might preserve insulin secretion and
beta cell health in patients with type 2 diabetes [55]. These
drugs activate peroxisome proliferator-activated receptor-γ
(PPAR-γ), which is involved in the process of atherosclerosis,
and its modulation for cardioprotection is an active area
of investigation. Some beneficial effects attributed to TZDs
include a decrease in blood pressure, improvement of fibrinolysis, correction of diabetic dyslipidemia, a decrease in free
fatty acid levels, a reduction in inflammatory markers, and
a decrease in carotid artery intimal thickness [56,57]. TZDs
increase LDL cholesterol levels, although this effect may be
offset by favorable changes in LDL particle size and susceptibility to oxidation [58]. In the PROactive study, addition of 45
mg of pioglitazone to other glucose-lowering drugs reduced
certain primary outcome measures (all-cause mortality, MI,
and stroke) by 16% in patients with type 2 diabetes [57].
However, this study used a higher dose of pioglitazone and
excluded patients with New York Heart Association class ΙΙ
congestive heart failure [59].
The DREAM trial was designed to assess prospectively
whether rosiglitazone can reduce the frequency of diabetes
in individuals with impaired glucose tolerance, impaired
fasting glucose, or both. More than 5000 adults with impaired
glucose handling but no previous CVD were randomly assigned to receive 8 mg of rosiglitazone or placebo and were
followed for 3 years. Rosiglitazone reduced the incidence
of new diabetes by 60% and significantly increased the
likelihood of regression to normoglycemia [60]. Although
frequently associated with an increased risk of heart failure,
a recent meta-analysis of prior studies raised concerns regarding the cardiovascular safety of rosiglitazone [61]. This
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controversy lead to the early release of an unscheduled interim analysis from the RECORD study, an open-label study that
was designed to track cardiovascular events among patients
taking rosiglitazone. The interim report was underpowered
to detect a significant difference in cardiovascular outcomes,
and results are therefore inconclusive. Many clinicians have
opted not to prescribe rosiglitazone when alternatives exist;
clinicians must weigh the benefits and risks of treatment with
rosiglitazone to determine whether to continue the drug [62].
Incretin Mimetics and DPP-4 Inhibitors
Glucagon-like peptide 1 (GLP-1) stimulates postprandial
insulin release; however, it is rapidly degraded by the activity
of dipeptidyl peptidase-4 (DPP-4). Exenatide and liraglutide
are synthetic GLP-1 agonists and have demonstrated glycemic
efficacy (HbA1c reductions of 0.7%–2%) associated with mild
weight loss; nausea is frequent and can be problematic [63].
Orally administered DPP-4 inhibitors vildagliptin (given
twice daily) and sitagliptin (given once daily) have also shown
consistent but moderate improvements in the glycemic profile
of type 2 diabetic patients [64–66]. These drugs are weightneutral. It remains unclear whether these expensive drugs
will be associated with improved cardiovascular outcomes.
Insulin
Insulin remains the most efficacious method of improving
glycemic control. However, insulin exposes the user to a risk
of hypoglycemia and induces weight gain. Individuals receiving intensive insulin management as part of the UKPDS
gained an average of 8.8 lb; 2.3% of the patients had a severe
hypoglycemic event in each year [48]. Nevertheless, intensive insulin therapy has a positive effect on lipoproteins,
lowering triglyceride, LDL, and total cholesterol levels [67].
The independent cardiovascular benefits of insulin have not
been convincingly demonstrated [48]. In the UKPDS study,
the risk of MI in the conventional and intensively treated
arms was 17.4 and 14.7 events/1000 patient-years, respectively (P = 0.052).
The Diabetes Mellitus, Insulin Glucose Infusion in Acute
Myocardial Infarction (DIGAMI) trial was a secondary prevention study that demonstrated a 30% mortality reduction
in 620 Swedish patients randomized to placebo or insulinglucose infusion followed by at least 3 months of multiple
daily insulin injections [68]. It is unclear whether the effect
was due to the immediate insulin-glucose infusion or the
longer-term improvements in glycemic control resulting
from ongoing insulin administration.
Newer, long-acting insulin analogs such as insulin
glargine and insulin detemir can be safely introduced to
patients on oral hypoglycemic agents. A home titration
schedule starting at 10 units daily and increasing weekly to
a target of a fasting glucose of no more than 100 mg/dL is
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highly efficacious for reducing HbA1c to 7% with minimal
risk of hypoglycemia [69,70]. The recently released results
from the ACCORD study suggest caution in aiming for
excessively low glucose values.
• What evidence supports the goal of tight blood pressure control in diabetic patients, and how should it be
achieved?
Blood Pressure Control
Hypertension affects up to 60% of patients with diabetes
and rises in prevalence with age and increasing levels of
obesity. Hypertension is a major risk factor in the development of both macro- and microvascular complications of
diabetes. In type 1 diabetes, the hypertension is often secondary to underlying nephropathy, while hypertension in
type 2 diabetes often forms part of the metabolic syndrome.
As soon as blood pressure rises above 120/80 mm Hg,
cardiovascular risk in diabetic patients appreciates [42], and
treatment is recommended when the blood pressure exceeds 130/80 mm Hg [71]. Before starting antihypertensive
therapy, patients should be re-examined within 1 month
for confirmation, unless the initial diastolic value is greater
than 110 mm Hg. Many of these patients require multidrug
therapy for control. Many classes of antihypertensives have
had demonstrated efficacy in diabetics.
ACE inhibitors and angiotensin receptor blockers (ARBs)
have been demonstrated to reduce blood pressure, reduce
cardiovascular events [72], and slow the progression of
nephropathy [73–80]. The Heart Outcomes Protection Evaluation (HOPE) trial reported on 3577 people with diabetes out
of 9541 people aged at least 55 years who also had another
vascular risk factor such as smoking, hypertension, or microalbuminuria. The trial found that 10 mg of ramipril versus
placebo over 4.5 years reduced cardiovascular mortality by
37%, MI by 22%, and stroke by 33% among individuals with
diabetes [76]. A subgroup from the HOPE study underwent
carotid ultrasound to evaluate carotid intimal medial thickness. Those treated with ramipril had a 37% reduction in the
rate of thickening, reflecting healthier endothelial function
[81]. The relative benefit of ramipril was present in all subgroups regardless of hypertensive status, microalbuminuria,
type of diabetes, and nature of diabetes treatment (diet, oral
agents, or insulin). The mean reduction in blood pressure
with treatment (3/2 mm Hg) appeared to be too small to independently account for the risk reductions achieved. Patient
with creatinine concentrations greater than 1.4 mg/dL had
an even greater benefit than those with more normal renal
function. Although widely and appropriately recommended
for managing hypertension in patients with diabetes, it is
www.turner-white.com

case-Based review
worth recognizing that 3 studies—QUIET, SCAT, and PART-2
[82–84]—failed to show cardiovascular benefits to ACE inhibitor use.
Diuretics and β blockers have proven efficacy in blood
pressure control. Thiazide diuretics and β blockers are both
associated with mild increases in serum glucose. Their
benefits outweigh this mild effect, and their use is generally recommended to reach target blood pressure goals
[85,86]. Atenolol has been demonstrated to have the same
cardiovascular benefit when compared with captopril in
diabetics [87], and β blockers are known to significantly
reduce cardiovascular events in nondiabetic patients with
ischemic heart disease. Additionally, the UKPDS found no
difference in outcome between those on ACE inhibitors and
those treated with β blockers.
Concerns for metabolic complications and a possible increase in cardiovascular risk as a result of high-dose diuretics
in hypertensive diabetics can likely be assuaged by using lowdose therapy, such as 12.5 to 25 mg of hydrochlorothiazide per
day. Lowering blood pressure with thiazides can reduce cardiovascular risk: the Systolic Hypertension in Elderly Patients
(SHEP) trial demonstrated that a diuretic (chlorthalidone)
improved cardiovascular outcomes, providing twice as much
benefit to diabetic patients as nondiabetics.
The Antihypertensive and Lipid Lowering Treatment
to Prevent Heart Attack Trial (ALLHAT) was stopped early
after interim analysis revealed a substantial benefit of diuretics over α-blocking agents [88]. Calcium channel blockers appear to be inferior to ACE inhibitors in cardiovascular
protection [89] but are often good choices as additional
therapy given their efficacy for controlling blood pressure,
particularly in African-American patients.
As a result of these and other studies, major professional
organizations recommend ACE inhibitors or ARBs with or
without thiazide diuretics as first-line therapy for patients
with type 2 diabetes. b Blockers and calcium-channel blockers tend to be used as third-line drugs, with additional
therapy individualized.

• What evidence supports the use of lipid-lowering therapy to reduce cardiovascular risk, and what strategies
should be used in diabetic patients?
Lipid Management Goals
The typical lipid profile seen in patients with type 2 diabetes
—abnormally low levels of HDL cholesterol, significantly elevated triglyceride levels, and abnormally small, dense, and
atherogenic LDL cholesterol—represents a significant risk
factor for coronary heart disease (CHD) [90–93]. Generally
speaking, LDL levels are not higher or more often elevated
www.turner-white.com

Table 2. Management of Diabetic Dyslipidemia  
Treatment choices for each lipid target given in order of priority:
Low-density lipoprotein (target, < 100 mg/dL)
Lifestyle modification
Statin
Ezetimibe
Fibrate
High-density lipoprotein (target, > 40/45 mg/dL for men/women)
Lifestyle modification
Fibrate
Niacin
Triglycerides (target, < 150 mg/dL)
Lifestyle modification
Glycemic control
Fibrate
Niacin

in diabetic patients than in nondiabetic individuals, but the
presence of abnormally high LDL levels should be regarded
as an additional risk factor to address in diabetic patients.
The NCEP Adult Treatment Panel III (ATP III) designation of diabetes as a “CHD risk equivalent” (ie, carrying
a risk for major coronary events equivalent to established
CHD), justifies aggressive lipid lowering in patients with
diabetes, as if they already have CVD [94]. The ATP III
recommended that pharmacologic therapy be initiated in
diabetic patients whose LDL levels are 130 mg/dL or greater
and that patients be treated to target LDL levels less than
100 mg/dL. A goal of 70 mg/dL or lower is an appropriate
target for patients at especially high risk. The ADA recommends the additional goals of raising HDL levels above
40 mg/dL in men and 45 mg/dL in women and lowering
triglycerides below 150 mg/dL (Table 2).
Statins
Though an elevated LDL is not characteristic of diabetes,
current guidelines for managing diabetic dyslipidemia
typically target LDL cholesterol, as the strongest evidence
in support of lipid-lowering therapy for diabetic patients
comes from studies showing the benefit of HMG-CoA reductase inhibitors (statins). Statin therapy has proven to be
particularly useful in treating dyslipidemia and has resulted
in significant reductions in coronary events in several large
primary and secondary trials. A few of these early statin
trials included a relatively small number of patients with
diabetes.
The most important trial to date examining the relationship between CVD, diabetes, and statins is the Collaborative
Diabetes Study (CARDS) [95]. Atorvastatin (10 mg/day) was
given as primary prevention to 2838 patients with type 2
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diabetes and 1 other risk factor (hypertension, albuminuria,
retinopathy, or current smoking). The LDL level at recruitment was required to be less than 160 mg/dL. After a mean
follow-up of 3.9 years, death rates among those on atorvastatin were 27% lower; in addition, acute coronary event rates
were reduced by 36%, revascularizations by 31%, and stroke
rates by 48%. Patients with an LDL level less than 100 mg/dL
had the same magnitude of benefit as those with a higher
LDL. This result has challenged the recommendation that
statins be introduced to patients with diabetes only when
the LDL is above a threshold.
The Heart Protection Study recruited 20,536 individuals
on the basis of having established coronary artery disease
(65%), diabetes (19%), peripheral vascular disease (13%),
or a history of cerebrovascular disease (9%) and randomly
assigned them to simvastatin (40 mg/day) or placebo [96].
A relative risk reduction of 25% was observed for coronary
and cerebrovascular events, whether the diabetic subjects
already had coronary disease or not, confirming the role of
statins for primary prevention of cardiac events [96].
Two negative studies are worthy of note. In the AngloScandinavian Cardiac Outcomes Trial–Lipid Lowering Arm
(ASCOT–LLA) trial [97], investigators randomized 2532 subjects with diabetes, hypertension, but without known CVD
to atorvastatin (10 mg/day) or placebo. Atorvastatin did not
reduce the risk of nonfatal MI and coronary heart disease
death in patients with diabetes and hypertension despite a
reduction of 40 to 50 mg/dL in LDL cholesterol (comparable
with that observed in the CARDS trial). The lack of demonstrable effect may have been confounded by a noted increase
in statin utilization in the placebo group. The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT–LLT) was nonblinded, and pravastatin
(40 mg/day) also did not reduce incidence of nonfatal MI
and CHD death among 3638 patients with diabetes; however, only a modest 15 to 23 mg/dL reduction in LDL cholesterol concentrations was achieved in the treated versus the
usual care group [98].
The role of statins for secondary prevention of CVD is
more clearly established. Although large trials of patients
with CVD were recruited for these landmark studies, they
contained relatively small numbers of patients with diabetes;
nevertheless, the large effect size noted is worthy of notice.
The landmark Scandinavian Simvastatin Survival Study
(4S) included 202 patients with diabetes with a previous MI
or angina and a mean LDL cholesterol level of 187 mg/dL
[99]. The study followed patients for a median of 5.4 years
and tracked mortality, coronary death, acute coronary syndromes, or coronary revascularization. In the 4S, individuals
with diabetes benefited from the medication as much as
those without diabetes. Over the course of the trial, in the
simvastatin-treated diabetic patients, the mean changes from
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baseline in total, LDL, and HDL cholesterol and triglycerides
were –27%, –36%, +7%, and –11%, respectively. As a result,
mortality was reduced by 43%, major coronary events by
55%, and any atherosclerotic event by 37%.
The Cholesterol and Recurrent Events (CARE) trial
evaluated the effect of pravastatin on 586 diabetic patients
with a history of MI and a mean LDL cholesterol level of
136 mg/dL [100]. In diabetic patients randomized to treatment, LDL cholesterol was reduced to a mean of 98 mg/dL
and the recurrent coronary event rate (coronary death, MI,
bypass grafting, or angioplasty) was reduced 25% over
5 years; however, the event rates in treated diabetic patients
remained higher than event rates in nondiabetic patients,
whether randomized to treatment or not.
Fibrates
Epidemiologic evidence links the combined abnormality of
elevated triglyceride levels and low HDL levels with adverse
cardiovascular outcomes, independent of LDL cholesterol
concentrations [101]. Recent randomized controlled trials,
such as the Veterans Affairs HDL Intervention Trial (VAHIT), have demonstrated a reduction in cardiovascular
events using fibrate therapy to lower triglyceride levels
and raise HDL levels [102,103]. The VA-HIT enrolled 2531
patients—25% with established diabetes and 6% with newly
diagnosed diabetes by fasting glucose—and randomized
them to gemfibrozil or placebo. The criteria for entry were a
LDL level of 140 mg/dL or less, a triglyceride level less than
300 mg/dL, and an HDL level of 40 mg/dL or less. At followup, the HDL level was 6% higher and the mean triglyceride
level was 31% lower in the treatment group. Compared with
placebo, treatment resulted in an 18% reduction in major
cardiovascular events in nondiabetic patients and a 32% reduction in diabetic patients, with the greatest rate decreases
occurring in stroke and coronary death. Of note, the mean
baseline LDL of 108 mg/dL did not change throughout the
study; therefore, LDL cholesterol did not determine coronary event rates. It is likely that the known PPAR-α effect of
gemfibrozil contributed by improving endothelial function.
In the Fenofibrate Intervention and Endpoint Lowering in
Diabetes (FIELD) study, fenofibrate did not significantly
reduce the risk of the primary outcome of coronary events.
The treatment benefit may have been masked by the higher
use of statins in the placebo group [104]. Another observation in the fenofibrate group is the increase in plasma homocysteine levels, which could partly explain higher number
of venous thrombotic events, especially in patients with
preexisting atherosclerotic plaques [105].
Fibrates can be useful alone or in combination with
statins. The combination of a statin and fenofibrate has
been shown to be clinically useful in patients with diabetes
[106]. When using combination therapy, many practitioners
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choose fluvastatin or pravastatin, as these agents are not
metabolized by cytochrome P450 3A4, are hydrophilic,
and are only 50% protein-bound—all factors that reduce
adverse drug interactive effects such as rhabdomyolysis,
a known risk of combining statins with fibrates [107]. Furthermore, fenofibrate appears to be safer in combination
with statins than gemfibrozil [108].
Niacin
Niacin treatment can increase HDL cholesterol and reduce
triglyceride levels; however, it has also been associated with
increased insulin resistance and consequent hyperglycemia.
A randomized controlled trial of 148 patients with diabetes
found that niacin did not cause any deterioration of glycemic
control until the dose of extended-release niacin exceeded
1000 mg [109]. In the Arterial Disease Multiple Intervention
Trial (ADMIT), which evaluated immediate-release niacin in
the treatment of dyslipidemia associated with diabetes and
peripheral vascular disease, 125 patients with diabetes were
randomized to receive crystalline niacin 3 g/day (or the
maximally tolerated dose) or placebo [110]. Niacin use significantly increased HDL by 29% and decreased triglycerides by 23% and LDL by 8% over 60 weeks. However, insulin
use increased in 13% of those on niacin versus 4% of those
on placebo (P = 0.09) [110], consistent with prior recognition
of the hyperglycemic effects of niacin.
Niacin is distinct from other lipid-lowering agents in that
it has a broad spectrum of beneficial effects on lipids and
atherogenic lipoprotein subfraction levels [111]. Extendedrelease niacin is associated with a reduction in the more
common adverse effects of flushing and diarrhea seen with
crystalline niacin, and the beneficial effects on the lipid profile are maintained [112]. Although myositis can result from
combinations of niacin and statins, a number of studies have
demonstrated the relative safety and effectiveness of this
combination approach [113]. Nevertheless, many patients
appear to find the side effects uncomfortable, and alternative agents are available. As a result, niacin use remains
limited among the diabetic population.
Polyunsaturated Fatty Acids
A highly purified formulation of omega-3 polyunsaturated
fatty acids (eicosapentaenoic acid, 465 mg, and docosahexaenoic acid, 375 mg) in a 1-g capsule along with 4 mg of
vitamin E has been formulated [114]. In combination with
statins, this formulation (Omacor, Reliant Pharmaceuticals,
Liberty Corner, NJ) has been shown to effectively reduce
plasma triglycerides and also increase the potentially less
atherogenic form of LDL cholesterol while decreasing the
small dense and atherogenic LDL particles. In patients with
a history of MI, the formulation in combination with a statin
has been associated with a 14% lower risk of death, nonfatal
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MI, and stroke. Four capsules of the formulation must be
administered daily for clinical effect [115].
Ezetimibe
Ezetimibe selectively inhibits intestinal absorption of dietary cholesterol. The agent is typically used in patients on
high-dose statin as additive therapy. An industry-sponsored
Australian trial studied the effect of adding 10 mg daily of
ezetimibe or placebo to 195 diabetic patients already taking
a statin [116]. The combination of agents was significantly
more effective than statin alone at lowering plasma levels
of LDL (mean reduction, 27%), total cholesterol (18%), apolipoprotein B (20%), and triglycerides (16%), and 84% of the
diabetic patients reached their LDL goal within 8 weeks.
Ezetimibe appears to be safe for use in diabetic patients
[116,117], but large-scale trials have not been reported, and it
remains unclear whether its use is associated with the cardiovascular benefit that would be expected from this degree
of lipid improvement. Indeed the recently released results
from the ENHANCE study suggests that ezetimibe treatment is not associated with the regression of atherosclerosis
as might have been expected [118].
Torcetrapib
Torcetrapib increases HDL cholesterol while reducing LDL
cholesterol and apolipoprotein B by the inhibition of cholesterol ester transfer protein. Despite success in phase 2 trials
[119], a 15,000-patient phase 3 clinical trial (ILLUMINATE)
was abruptly terminated as patients receiving this drug
had higher risks of heart failure, angina, and cardiovascular
mortality.
Case Conclusion
The patient returns 3 months later. She has successfully quit smoking and has remained tobaccofree for 8 weeks. The accompanying weight gain has been
frustrating, although she is trying to adhere to the recommended dietary changes. Exercise has been sporadic.
The patient’s blood glucose monitor shows levels averaging slightly above target, and her HbA1c is minimally
reduced at 7.3%. Blood pressure is also largely unchanged
(134/84 mm Hg). LDL and triglyceride levels are decreased
but remain above target (132 mg/dL and 180 mg/dL, respectively).

• What are appropriate interventions at this time?
Given this patient’s limited glycemic improvement with
lifestyle interventions while on maximal metformin and
glipizide, an appropriate next step would be to replace the
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sulfonylurea with a once-daily long-acting insulin regimen
started at night, with a home titration algorithm as in the
Treat to Target study [69]. In addition, her ramipril dose
should be titrated or a thiazide diuretic treatment could be
initiated. Finally, she should clearly receive a statin drug
to lower LDL cholesterol, and aspirin. Her triglyceride
level would be expected to decrease as glycemic control
improves.
CONCLUSION
As the leading cause of death among patients with diabetes,
CVD should be a primary concern for patients with type 2
diabetes and the physicians who care for them. Clinicians
need to be sensitive to the challenges these patients face in
making therapeutic lifestyle changes and adept at navigating the polypharmacy that follows from targeting multiple
CVD risk factors.
Most patients with diabetes will require at least 1 oral hypoglycemic drug, and almost all will ultimately require insulin. Until further data emerge, the most appropriate initial
choices remain metformin and a sulfonylurea, moving to a
combination of metformin and a long-acting insulin when
glycemic control is suboptimal on maximal dose therapy.
Achieving a systolic blood pressure less than 130 mm Hg
in patients with diabetes remains challenging. Almost all
patients should be treated with an ACE inhibitor or ARB.
Rational additive treatment includes a thiazide diuretic and
β blocker as needed. Most patients will require at least 3
drugs for control. In the absence of contraindications, 81 mg
of aspirin should be given to all patients with diabetes who
are aged 40 years or older; clopidogrel is an alternative.
For patients with diabetes whose lipid levels are not at
target range, nonpharmacologic interventions (diet and
exercise) remain first-line therapies. Lowering LDL cholesterol is the first priority in treating diabetic dyslipidemia.
Statins are the agents of first choice, followed by fibrates or
ezetimibe. For elevated triglyceride levels, hyperglycemia
must be controlled first. For other dyslipidemia, fibrates are
slightly more effective than niacin in lowering triglyceride
levels, but niacin increases HDL levels appreciably more
than fibrates.
As confirmed by the STENO-2 study, an integrated approach to diabetes management can halve the rate of cardiovascular events [120]. Online tools [121], templates, and close
follow-up can help clinicians avoid the inertia that often accompanies the management of complex patients [122], such
as those with diabetes. Although physicians are empowered
by these advances, patients are unlikely to perceive the
benefits unless we continue to nurture the patient-clinician
relationship and build on the trust our patients place in us.
These remain fundamental cornerstones in helping protect
our patients from the long-term effects of their disease.
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