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Prevention of Type 2 Diabetes Mellitus to
Reduce Cardiovascular Morbidity and
Mortality: A Review of the Evidence

Thomas D. Giles, MD

Cardiovascular disease accounts for the majority
of deaths in patients with type 2 diabetes mell-
itus. Lifestyle interventions aimed at weight loss
and increased physical activity and therapy with
antidiabetic drugs have proven effective in reduc-
ing the risk of new-onset diabetes in high-risk
individuals. Substantial evidence also suggests
that drugs that inhibit the renin-angiotensin
system, namely angiotensin-converting enzyme
inhibitors and angiotensin II receptor blockers,
also prolong the time to onset of clinical diabetes.
An open question is whether delay of new-onset
diabetes with antidiabetic or antihypertensive
agents reduces cardiovascular morbidity and
mortality. A large ongoing study is investigating
whether therapy with an oral antidiabetic drug or
an angiotensin II receptor blocker reduces the
incidence of new-onset diabetes and cardiovascu-
lar events in high-risk patients. J Clin Hypertens
(Greenwich). 2009;11:512–519. ª2009 Wiley Periodicals,

Inc.

Although type 2 diabetes mellitus is associated
with a number of microvascular complica-

tions, including renal and retinal disease and neu-
ropathy, the leading cause of death in people
with diabetes is macrovascular or cardiovascular

disease (CVD).1 A number of randomized con-
trolled clinical trials have demonstrated that
reducing CVD risk factors in persons at high risk
for type 2 diabetes reduces the risk of new-onset
diabetes. Whether such intervention also reduces
the risk of CVD is still to be determined.

CONCEPT OF PREDIABETES
According to current criteria for the diagnosis of dia-
betes, a fasting plasma glucose (FPG) level
�126 mg ⁄dL or 2-hour post-challenge glucose level
�200 mg ⁄dL constitutes diabetes, with FPG <100
mg ⁄dL and post-challenge glucose level<140 mg ⁄dL
considered ‘‘normal.’’ Impaired fasting glucose (IFG;
FPG, 100–125 mg ⁄dL) and impaired glucose toler-
ance (IGT; post-challenge glucose, 140–199 mg ⁄dL),
hyperglycemic states that do not meet the criteria for
diabetes, are termed prediabetes,2 and an estimated
57 million adults and children in the United States
are prediabetic.3 Neither IFG nor IGT are benign
states, as they impart an increased risk of both pro-
gression to overt diabetes and CVD.4 In a recently
released consensus statement, the American College
of Endocrinology (ACE) and American Association
of Clinical Endocrinologists (AACE) recommended
targeting hyperglycemia and comorbid risk factors,
including hypertension and dyslipidemia, in patients
with prediabetes.5 Lifestyle intervention is recom-
mended as first-line treatment, with the addition of
pharmacologic therapies, including hypoglycemic
and antihypertensive agents that inhibit the renin-
angiotensin system (RAS), where appropriate.

INTERVENTIONS TO PREVENT OR DELAY
THE ONSET OF DIABETES AND CVD
Lifestyle interventions aimed at weight loss and
increased physical activity6,7 and therapy with
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antidiabetic drugs8–10 have proven effective in
reducing the risk of new-onset diabetes in high-risk
individuals, while the role of lipid-lowering agents
is less clear11–14 (Table I).

Lifestyle Interventions
Two different studies have convincingly demon-
strated that lifestyle interventions that promote
weight loss and increased physical activity can delay
the onset of new diabetes in high-risk persons. In the
first, the Finnish Diabetes Prevention Study, in obese
adults with IGT, individualized counseling aimed at
reducing weight and increasing physical activity for
3.2 years was associated with a 58% reduction in risk
of new-onset diabetes.6 Similar results were observed
in the Diabetes Prevention Program (DPP), in which
obese high-risk patients were randomized to lifestyle
intervention, pharmacologic therapy (metformin), or
placebo.7 Compared with placebo, both interventions
reduced the incidence of new-onset diabetes.

Both the Finnish Diabetes Prevention Study and
the DPP demonstrated a reduction in cardiovascular
risk factors. In the Finnish study, patients in the
intervention group had significantly greater reduc-
tions in weight (P<.001), systolic (P=.007) and dia-
stolic (P=.02) blood pressure, serum triglycerides
(P=.001), and FPG levels (P<.001) at 1 year com-
pared with the placebo group.6 In the DPP, the inci-
dence of metabolic syndrome was reduced by 41%
in the lifestyle group (P<.001) and by 17% in the
metformin group (P<.03) compared with placebo.15

Antidiabetic Agents
A number of studies assessing the use of different
classes of antidiabetic drugs to prevent diabetes
have shown delay or prevention of diabetes.8–10

The Study to Prevent Non–Insulin-Dependent Dia-
betes Mellitus (STOP-NIDDM) assessed the effect
of the a-glucosidase inhibitor acarbose or placebo
in patients with IGT. At 3.3-year follow-up, acar-
bose reduced the incidence of new-onset diabetes
by 25%.8 In a secondary analysis of STOP-
NIDDM, the incidence of CVD events was reduced
with active treatment from 4.7% to 2.1% (hazard
ratio [HR], 0.51; 95% confidence interval [CI],
0.28–0.95; P=.03), mainly due to a reduction in
myocardial infarction (MI) (HR, 0.09; 95% CI,
0.01–0.72; P=.02).16 There was also a reduction in
the incidence of new-onset hypertension (blood
pressure >140 ⁄90 mm Hg [HR, 0.66; 95% CI,
0.49–0.89; P=.006]).

Similarly, in the glycemic arm of the 3-year Diabe-
tes Reduction Assessment With Ramipril and Rosig-
litazone Medication (DREAM) trial, rosiglitazone

significantly reduced the incidence of the primary
composite outcome of new-onset diabetes or death.10

When the components of the primary outcome were
analyzed separately, rosiglitazone was associated
with a significant reduction in the incidence of
new-onset diabetes, but not in all-cause mortality or
in CVD event rates.

Lipid-Lowering Agents
Lipoprotein abnormalities are common in patients at
high risk for diabetes.17 As a result, the new
ACE ⁄AACE guidelines recommend that lipid goals
in prediabetic patients be the same as those in
patients with diabetes: low-density lipoprotein cho-
lesterol <100 mg ⁄dL, non–high-density lipoprotein
cholesterol <130 mg ⁄dL, and apolipoprotein
B <90 mg ⁄dL.5 Post hoc analyses of placebo-con-
trolled clinical trials of lipid-lowering agents, primar-
ily statins, have reported conflicting results. In the
West of Scotland Coronary Prevention Study (WO-
SCOPS), pravastatin reduced the incidence of new-
onset diabetes by 30%.11 By contrast, in the Heart
Protection Study,12 the Long-Term Intervention
With Pravastatin in Ischemic Disease (LIPID),13 and
the Anglo-Scandinavian Cardiac Outcomes Trial–
Lipid Lowering Arm (ASCOT-LLA),14 statin therapy
did not prevent the development of diabetes.

Antihypertensive Agents
Approximately 70% of patients with type 2 diabe-
tes also have blood pressure values >140 ⁄
90 mm Hg.18 Type 2 diabetes is 2.5 to 5 times
more likely to develop in patients with elevated
blood pressure than in their normotensive counter-
parts.19,20 A number of studies, including the Sys-
tolic Hypertension in Europe21 and the
Hypertension Optimal Treatment22 trials, have
clearly demonstrated that reductions in blood pres-
sure significantly reduce the risk of major CVD
events in diabetic patients. Current hypertension
treatment guidelines suggest that blood pressure
should be controlled to �130 ⁄80 mm Hg in both
diabetic and prediabetic patients.5,23,24 Data from
the United Kingdom Prospective Diabetes Study
(UKPDS) indicate that lowering systolic blood pres-
sure to as low as 110 mm Hg may also provide
benefit.25 In general, antihypertensive agents that
inhibit the RAS—angiotensin-converting enzyme
(ACE) inhibitors and angiotensin II receptor block-
ers (ARBs)—are recommended as first-line agents.5

The discussion of diabetes in the context of anti-
hypertensive therapy has historically focused on the
increased risk of new-onset diabetes associated with
the use of diuretics and b-blockers; by contrast,
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alpha-1 adrenoreceptor antagonists have been
shown to improve insulin sensitivity. Newer clinical
trials in patients with and without hypertension
have demonstrated that calcium channel blockers
have neutral metabolic effects, while ACE inhibi-
tors and ARBs improve insulin sensitivity and
reduce the risk of new-onset diabetes.26

Proposed Mechanisms for RAS Inhibitors and
New-Onset Diabetes. The underlying mechanisms
by which RAS inhibition reduces the development
of diabetes are not clear. ACE inhibitors and ARBs
have beneficial effects on insulin sensitivity that are
likely attributable to a combination of factors. One
possibility is that the vasodilatory effects of RAS
inhibitors result in increased blood flow, thereby
increasing insulin delivery to peripheral skeletal
muscles.27,28 Likewise, ACE inhibitors and ARBs
may improve glucose metabolism via increased
GLUT4-mediated transportation in skeletal muscle
and fat cells.29 RAS blockade is associated with
potassium retention, which may lead to enhanced
pancreatic secretion of insulin28 and may protect
pancreatic islets from glucotoxicity and oxidative
stress by inhibiting NAD(P)H oxidase.30 In addi-
tion, some ARBs activate peroxisome proliferator-
activated receptor-c, which is the same target as
insulin-sensitizing drugs such as glitazone.28 More-
over, ARBs increase levels of adiponectin, an adipo-
cyte-derived protein thought to enhance insulin
sensitivity.30

Clinical Trial Evidence. A recent meta-analysis
of the results of 13 randomized clinical trials with
a total of 93,451 patients with or without hyper-
tension demonstrated that RAS blockade with an
ACE inhibitor or ARB was associated with a
26% reduction in risk of new-onset diabetes (odds
ratio [OR], 0.74; 95% CI, 0.66–0.81; P<.001).31

A separate network meta-analysis of the results of
22 trials involving 143,153 patients with or with-
out hypertension found that among the various
classes of antihypertensive agents, ARBs and ACE
inhibitors are associated with the lowest propor-
tion of diabetes development during clinical trial
follow-up (OR, 0.57; 95% CI, 0.46–0.72;
P<.0001 for ARBs and OR, 0.67; 95% CI, 0.56–
0.80; P<.0001 for ACE inhibitors), compared
with initial diuretic therapy.32 While useful, these
meta-analyses are based on post hoc analyses of
trials for which development of diabetes was not
a primary end point. However, among recently
completed clinical trials of RAS inhibitors and dia-
betes, a number included new-onset diabetes as a

prespecified primary composite or secondary out-
come measure (Table II).33–43

ACE Inhibitors. One of the first clinical studies to
show a reduction in new-onset diabetes with an
ACE inhibitor was the Heart Outcomes Prevention
Evaluation (HOPE) study, in which ramipril
reduced the risk of new-onset diabetes by 34%
compared with placebo.33 In the original Antihyper-
tensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) report, lisinopril was
associated with a significant reduction in new-onset
diabetes.34 Among individuals who were nondia-
betic at baseline, the incidence of diabetes at 4 years
was 11.6% in the chlorthalidone group, 9.8% in
the amlodipine group, and 8.1% in the lisinopril
group.34 A post hoc analysis in ALLHAT patients
with the metabolic syndrome but not diabetes at
baseline found that the incidence of new-onset dia-
betes was 17.1% in the chlorthalidone group,
16.0% in the amlodipine group, and 12.6% in the
lisinopril group (P<.05 for lisinopril vs chlorthali-
done). By contrast, the incidence of new-onset dia-
betes was less in the group without the metabolic
syndrome: 7.7%, 4.2%, and 4.7% for chlorthali-
done, amlodipine, and lisinopril, respectively
(P<.05 for both comparisons). Moreover, the risk
of combined CVD events was similar in those with
and without the metabolic syndrome and in those
in whom diabetes developed and those in whom
it did not.44 A separate subgroup analysis of
ALLHAT compared outcomes by race in nondia-
betic patients with and without the metabolic syn-
drome and found that, despite their more favorable
metabolic effects (including lower fasting glucose
levels), the ACE inhibitor and calcium channel
blocker failed to show benefit in long-term cardio-
vascular risk reduction in hypertensive patients
with the metabolic syndrome compared with the
diuretic.45 The lack of cardiovascular benefit with
these agents was especially striking in black patients
with the metabolic syndrome.

In a new subgroup analysis of the Anglo-Scandi-
navian Cardiac Outcomes Trial–Blood Pressure
Lowering Arm (ASCOT-BPLA), the authors con-
clude that randomization of nondiabetic hyperten-
sive patients to amlodipine with or without
perindopril reduced the risk of new-onset diabetes
by 34% compared with atenolol with or without
bendroflumethiazide.46 The authors postulated that
the differential effects of the two antihypertensive
regimens may be the result of the metabolically
protective effects of perindopril combined with the
neutral effects of amlodipine compared with the
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adverse metabolic effects of both atenolol and thia-
zide diuretics.

In the hypertension arm of the DREAM trial,
patients at high risk for diabetes were randomized
to ramipril or placebo for 3 years. There was no
significant difference in incidence of the primary
composite outcome measure of new-onset diabetes
or death in patients treated with ramipril vs pla-
cebo.37 Likewise, ramipril did not significantly
reduce the incidence of new-onset diabetes or CVD
events. Ramipril-based therapy was, however, asso-
ciated with a significant increase in regression to
normoglycemia compared with placebo, confirming
the blood glucose–lowering effect of the ACE inhib-
itor. Proposed explanations for the failure of the
ACE inhibitor to delay the onset of diabetes in
DREAM include the short duration of the study
(median 3 years vs median �4.5 years in previous
ARB and ACE inhibitor trials) and the relatively
low-risk profile of the study participants (mean age,
55 years; mean blood pressure, 136 ⁄83 mm Hg)
such that the degree of RAS activation in DREAM
participants was lower than in other studies. In
addition, baseline glucose levels were far from the
diagnostic threshold for diabetes, making diabetes
less likely to develop.37

The ongoing ACE Inhibitor-Based vs Diuretic-
Based Antihypertensive Primary Treatment in
Patients with Prediabetes (ADaPT) trial may help
to clarify the impact of ACE inhibitors on new-
onset diabetes.47 ADaPT is a 4-year open-label trial
to determine the effect on incidence of new-onset
diabetes of antihypertensive treatment based on
ramipril vs treatment based on diuretics or b-block-
ers. The results of the trial, which includes 2015
patients with hypertension, IFG, and hemoglobin
A1c values of 6% to 6.5%, are expected in 2010.47

ARBs. Early evidence that ARBs reduce the risk
of new-onset diabetes was provided by the
Losartan Intervention for End Point Reduction in
Hypertension (LIFE) study, in which losartan was
associated with a 25% reduction in new-onset dia-
betes compared with atenolol in hypertensive
patients with left ventricular hypertrophy.38 ARB-
based therapy was associated with a similar reduc-
tion in new-onset diabetes (23%) in the Valsartan
Long-Term Use Evaluation (VALUE), in which
high-risk hypertensive patients were randomized to
valsartan- or amlodipine-based therapy.41 After a
mean follow-up of 4.2 years, the incidence of new-
onset diabetes was 23% lower in the valsartan
group. A post hoc analysis of VALUE revealed that
patients with new-onset diabetes during the 4.2-year
follow-up period experienced significantly higher

cardiac morbidity than those in whom diabetes did
not develop; baseline diabetes was associated with
doubling of risk of cardiac morbidity (HR, 2.20;
95% CI, 1.95–2.49; P<.0001), and new-onset diabe-
tes during the study was associated with significantly
higher cardiac morbidity compared with diabetes
not developing (HR, 1.42; 95% CI, 1.16–1.77;
P=.0008).48 The post hoc analysis also revealed that
the incidences of all-cause mortality (HR, 0.61; 95%
CI, 0.49–0.77; P=.0001) and cardiac mortality (HR,
0.44; 95% CI, 0.28–0.70; P=.0004) were actually
lower in patients in whom diabetes developed com-
pared with those who remained normoglycemic dur-
ing the trial, possibly due to increased use of aspirin,
b-blockers, diuretics, and statins in these
patients.48,49

ACE Inhibitor ⁄ ARB Combination. New-onset
diabetes was a predefined secondary outcome in
the Ongoing Telmisartan Alone and in Combi-
nation with Ramipril Global Endpoint Trial
(ONTARGET), in which patients with vascular dis-
ease or high-risk diabetes received telmisartan, ram-
ipril, or a combination of the 2 drugs.43 Despite
greater blood pressure lowering with combination
therapy compared with either drug alone, rates of
the primary composite outcome (CVD death, MI,
stroke, or hospitalization for heart failure) and of
new-onset diabetes were similar in the 3 treatment
groups. Higher rates of adverse events with combi-
nation therapy, in addition to the lack of additional
clinical benefit, suggest that full-dose combination
therapy with an ACE inhibitor and an ARB may
not be advisable.

ONGOING STUDY
Many of the unanswered questions related to new-
onset diabetes and CVD risk are expected to be
resolved in an ongoing clinical trial: Nateglinide
and Valsartan in Impaired Glucose Tolerance Out-
comes Research (NAVIGATOR).50 NAVIGATOR
is a large-scale, multinational, randomized, double-
blind, placebo-controlled, 2�2 factorial study to
determine whether treatment with the meglitinide
drug nateglinide or valsartan will reduce progres-
sion to diabetes and new cardiovascular events in
patients with IGT. A total of 9306 participants
aged 50 years or older with IGT and known CVD
or 55 years or older with IGT and �1 cardiovascu-
lar risk factor were randomized in a 1:1:1:1 ratio
to treatment with nateglinide or matching placebo
and to valsartan or matching placebo. The primary
outcome measures are onset of diabetes and both a
‘‘hard’’ composite of major CVD events (death,
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MI, stroke, or hospitalization for heart failure) and
an ‘‘expanded’’ composite including the compo-
nents of the ‘‘hard’’ composite plus coronary revas-
cularizations and hospitalizations for unstable
angina pectoris. The results of NAVIGATOR,
which are anticipated this year, may provide clarifi-
cation regarding whether reducing postprandial
hyperglycemia and preventing diabetes can reduce
cardiovascular complications (nateglinide treatment
arm) and whether the link between metabolic dys-
function and CVD is mediated by angiotensin II
and might be lessened by treatment with an agent
that inhibits the RAS (valsartan treatment arm).50

CONCLUSIONS
Reducing the incidence of diabetes may lead to a
reduction in CVD-related morbidity and mortality.
Both lifestyle changes and antidiabetic pharmacologic
interventions delay the onset of diabetes. Similarly,
antihypertensive therapy with RAS blockade delays
the onset of new diabetes. However, the potential
association between new-onset diabetes and CVD
outcomes has been identified only in post hoc analysis
and not as a predetermined endpoint. The findings
from NAVIGATOR are eagerly awaited to identify
this association. Meanwhile, it is advisable to treat
high-risk patients—those with prediabetes—with
appropriate lifestyle measures to reduce weight and
increase physical activity. The use of antidiabetic
agents, RAS inhibitors, and statins to reduce cardio-
vascular risk factors, including hyperglycemia, hyper-
tension, and dyslipidemia, should also be considered.
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