Strategies to Prevent Type 2 Diabetes
Abstract and Introduction
Abstract
Type 2 diabetes mellitus is a public health problem of epidemic proportions and its
prevalence is on the rise. The typical American born today has a one in three chance
of developing type 2 diabetes. This diagnosis is associated with an adverse
cardiovascular prognosis and is considered the risk equivalent of established
coronary disease. Many risk factors, including the metabolic syndrome, have been
implicated in its development. Even in high-risk individuals, type 2 diabetes is a
preventable disease. Diet and exercise have been consistently shown to decrease the
incidence of diabetes in large randomized controlled studies. Additionally, new-onset
diabetes was reduced by several oral pharmacologic anti-diabetic agents including
metformin, acarbose and troglitazone in randomized trials which studied patients
with impaired glucose tolerance. More interestingly, multiple large prospective
studies have also reported a reduction in the development of type 2 diabetes in
patients treated with antihypertensive agents, predominantly angiotensin converting
enzyme inhibitors and angiotensin receptor blockers.
In this review, we will discuss some of these important trials and the speculative
mechanisms whereby those medications prevent type 2 diabetes. Such observations,
if proven to be true, may represent preventive strategies which can be considered in
patients with pre-diabetic conditions such as the metabolic syndrome, hypertension,
impaired fasting glucose, family history of diabetes, obesity, congestive heart failure
or other risks for the development of type 2 diabetes.
Introduction
Diabetes mellitus is a public health problem of epidemic proportions, and its
prevalence is on the rise. More than 19 million adults in the United States and 150
million worldwide have diabetes; by the year 2025, the World Health Organization
projects more than 300 million cases worldwide.[1]
The health and economic ramifications of diabetes are vast and ominous for the
individual diagnosed with the disease as well as for society at large. Many risk
factors, including the increasingly prevalent metabolic syndrome, have been
implicated in its development.[2] Even in high risk individuals, type 2 diabetes is a
preventable disease.
Insulin resistance is the major underlying pathophysiologic defect leading to the
development of type 2 diabetes.[3] Yet approximately two-thirds of people with insulin
resistance do not go on to develop overt type 2 diabetes, but are nevertheless at
almost the same increased risk of cardiovascular events as diabetic individuals.[4]
Improving insulin sensitivity through diet and exercise has been found to decrease
the incidence of diabetes and lower cardiovascular events in randomized controlled
trials.[5-7] Additionally, several oral anti-diabetic agents, as well as an anti-obesity
agent, have been shown to offer a similar and possibly an added benefit.[5,8-11] More

recently, some anti-hypertensive drugs were also found to reduce the risk of
developing diabetes.[12-27]
In this review, we will try to discuss diabetes as one of the century's largest
epidemics, its risk factors and the potential interventions available to prevent its
progression. We will also shed light on the mechanisms, though speculative, that
account for such a remarkable effect of these interventions, mainly the use of
angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers
(ARBs).
Studies which reported the incidence of new-onset diabetes with the use of different
medications were identified through a systematic review of the published literature
from January 1990-December 2004 using MEDLINE, EMBASE and the Cochrane
Library. The following indexing terms were used: (diabetes mellitus, type 2), new$ or
emerg$ or prevent$ or develop$ or risk$, hypoglycemic agents, anti-obesity agents
and anti-hypertensive agents. A manual review of the bibliographies of seminal
primary and review articles was also performed to identify any additional relevant
studies.
Only randomized trials were retrieved and only if they met the following criteria:
duration of at least 1 year, subjects had impaired glucose tolerance, hypertension or
any other cardiovascular risk factor and the incidence of new-onset diabetes was
reported in the treatment and control groups for those patients without diabetes at
baseline.

The Growing Epidemic of Diabetes
More than 150 million people worldwide have diabetes, and this number is expected
to double by the year 2025.[1] An American born today has a one in three chance of
developing type 2 diabetes during his lifetime; for Hispanics and African-Americans,
the risk is almost one in two. For a male diagnosed with diabetes at age 40 years,
average life expectancy is reduced by approximately 11.6 years and quality years
reduced by 18.6 years.[28] A diagnosis of type 2 diabetes carries adverse prognostic
implications since 70% of diabetic patients die from cardiovascular disease and two
thirds of these as a result of coronary heart disease (CHD). Therefore, the National
Cholesterol Education Panel considers diabetes a CHD equivalent since, over a
decade, 20% of diabetic subjects will have a cardiac event.[29] This is a similar risk to
that of peripheral vascular disease, cerebrovascular disease or the presence of an
aortic aneurysm. Strategies to prevent type 2 diabetes are of paramount importance
in improving the health of the American population in the 21st century.

Risk Factors for Diabetes
Risk factors for the development of type 2 diabetes are shown in Table 1 . The
recently characterized constellation of risk factors referred to as the metabolic
syndrome (due to underlying insulin resistance) is a wellrecognized precursor to the
development of diabetes.[30,31] However, these patients are also at high risk for
cardiovascular events due to accelerated atherosclerosis, hypercoagulability,
dyslipidemia and endothelial dysfunction even if they do not develop diabetes.[30,31]
Approximately 24% (47 million) of adult Americans have the metabolic syndrome.
The prevalence of this disorder is rising sharply and in parallel with the obesity

epidemic. Over age 60 years, 44% have this syndrome, with Mexican-Americans
having the highest age-adjusted prevalence (31.9%).[32,33]

Role of Insulin Resistance
Insulin resistance plays a causal role in hypertension and atherosclerosis, and
therefore is present in the majority of patients with these conditions. About 50% of
hypertensive individuals are hyperinsulinemic[34]; and approximately 75% of people
with type 2 diabetes have hypertension.[35] Peritoneal fat, which is increased in the
insulin resistance syndrome, produces excessive angiotensinogen.[36] This, along with
high insulin levels stimulating the sympathetic nervous system[37] and increasing
angiotensin II production,[38] results in a higher sensitivity of the cardiovascular
system to the adverse trophic effects of the renin angiotensin aldosterone system
(RAAS).[39,40] This latter effect is evidenced by the frequent occurrence of diffuse
arterial disease and left ventricular hypertrophy in diabetic patients, even when the
lipid and blood pressure levels are normal. Diabetic patients, in particular, benefit
from blockade of the RAAS, with reduction of cardiovascular mortality up to 40% in
large, randomized, controlled trials of ACE inhibitors and/or ARBs.[14,41]

Are Current Strategies to Control Diabetes Effective?
The traditional management of type 2 diabetes has been ineffective in altering this
dismal prognosis because efforts have focused solely on lowering glucose levels,
which is only one manifestation of the insulin resistance syndrome. If the prognosis
is to be improved, the underlying pathophysiologic defect, i.e. insulin resistance,
must be addressed. When insulin sensitivity is improved either by nonpharmacological or pharmacological agents, the atherogenic manifestations of the
insulin resistance syndrome: hypertension, dyslipidemia, inflammation, and hypercoagulability as well as glucose homeostasis will be improved.

Lifestyle Changes to Improve the Risk of Type 2 Diabetes
Excess brown adipose tissue, particularly when deposited intra-abdominally, is
closely related to the development and progression of insulin resistance and type 2
diabetes.[42] Weight loss in overweight or obese individuals is perhaps the most
effective way to improve insulin sensitivity. A hypo-caloric diet (more calories burned
than consumed on a daily basis) resulting in significant weight loss (≥ 5%-10% of
body weight) regardless of the diet utilized, will markedly improve the capacity for
insulin release and the other manifestations of the metabolic syndrome.[43]
Low glycemic load, high fiber diet which contains adequate amounts of monounsaturated and omega-3 fats and lean protein can improve satiety and dietary
thermo-genesis (basal metabolic rate) and decrease insulin resistance.[44,45] Non-fat
dairy products, soy foods, and a modest alcohol intake (not more than 1 drink per
day for women or 2 drinks per day for men) can also improve insulin sensitivity.[46-48]
Calorie-dense foods, especially in the form of highly processed carbohydrates
(sugars and starches), have a disproportionate effect on insulin sensitivity and
promote weight gain which further increases insulin resistance.[44] Nutrients that have
also been associated with worsening insulin sensitivity include trans-fats and
saturated fats.[46]

Exercise improves insulin sensitivity and lowers glucose levels both acutely and for
up to 48 h after physical activity, as shown by a recent study of healthy subjects
exercising for 30 min or more at least three times weekly.[49] Exercise also lowers
triglyceride levels, raises high-density lipoprotein cholesterol levels, and increases
the basal metabolic rate, which facilitates weight loss.[50] A recent trial demonstrated
marked immediate improvements in triglyceride levels (-25%) and endothelial
function (25%) following a single 90-min walk on a treadmill.[51] While insulin
resistance is worsened by increased adipose tissue mass especially when this is
visceral, it is improved by an increased skeletal muscle mass.[52] Strength training
(e.g. weight lifting) has been shown to improve all of the manifestations of the
metabolic syndrome since skeletal muscles account for almost 80% of insulinstimulated glucose disposal.[53] Thus, increasing the utilization of glucose by either
increasing muscle mass and/or increasing muscle sensitivity (i.e. aerobic exercise) is
a highly effective means of improving glucose homeostasis.[49,52]
Studies have been initiated in the last decade to determine the feasibility and benefit
of various strategies to prevent or delay the onset of type 2 diabetes ( Table 2 ). In
the Diabetes Prevention Program (DPP)[5] , subjects were randomized to one of three
intervention groups, which included the intensive nutrition and exercise counseling
('lifestyle') group or either of two masked medication treatment groups: the
biguanide metformin group or the placebo group. The latter interventions were
combined with standard diet and exercise recommendations. After an average
follow-up of 2.8 years, a 58% relative reduction in the progression to diabetes was
observed in the lifestyle group, and a 31% relative reduction in the progression of
diabetes was observed in the metformin group compared with control subjects.
In the Finnish Diabetes Prevention Study,[6] middleaged obese subjects with impaired
glucose tolerance (IGT) were randomized to receive either brief diet and exercise
counseling (control group) or intensive individualized instruction on weight reduction,
food intake, and guidance on increasing physical activity (intervention group). After
an average follow-up of 3.2 years, there was a 58% relative reduction in the
incidence of diabetes in the intervention group compared with the control group.
In the Da Qing Study,[7] men and women from health care clinics in the city of Da
Qing, China, were screened with the oral glucose tolerance test (OGTT), and those
with IGT were randomized by clinic to a control group or to one of three active
treatment groups: diet only, exercise only, or diet plus exercise. Subjects were re
examined biannually, and after an average of 6 years follow-up, the diet, exercise,
and diet-plus-exercise interventions were associated with 31%, 46%, and 42%
reductions in risk of developing type 2 diabetes, respectively.

Medications to Reduce the Incidence of New-Onset Diabetes
The incidence of developing diabetes has been reduced by several oral
pharmacologic anti-diabetic agents ( Table 2 ). The biguanide metformin reduced the
risk of diabetes by 31% in the DPP.[5] In the Study to Prevent Non-Insulin Dependent
Diabetes Mellitus (STOPNIDDM),[8] participants with IGT were randomized in a
double-blind fashion to receive either the alphaglucosidase inhibitor acarbose or a
placebo. After a mean follow-up of 3.3 years, a 25% relative risk reduction in
progression to diabetes, based on one OGTT, was observed in the acarbose-treated
group compared with the placebo group. In the Troglitazone in Prevention of
Diabetes (TRIPOD) study,[9] after a median followup of 30 months, troglitazone

treatment was associated with a 56% relative reduction in progression to diabetes as
compared with placebo in Hispanic women with previous gestational diabetes.
Xenical in the Prevention of Diabetes in Obese Subjects (XENDOS)[10] was the first
study to demonstrate that an anti-obesity agent, orlistat (Xenical), was able to
reduce the progression to diabetes in obese subjects as compared with lifestyle
changes alone. In this study, obese subjects (body mass index ≥ 30 kg/m2) were
randomized to receive orlistat or placebo. After 4 years of follow-up, orlistat reduced
the risk of diabetes by 37% and was associated with significant and sustained
reductions in cardiovascular risk factors such as arterial blood pressure and lipid
levels as compared to placebo.
Additionally, multiple large prospective trials have reported an unexpected reduction
in the development of new type 2 diabetes mellitus in patients treated with antihypertensive agents. These trials predominately utilized ACE inhibitors or ARBs and
have consistently demonstrated reductions in the risk of new diabetes ranging from
2% to 87% ( Table 3 ). Two of these trials, namely Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity (CHARM)[23] and Studies of Left
Ventricular Dysfunction (SOLVD),[25] involved chronic heart failure patients. Heart
failure is an insulin resistant state in which the development of diabetes is
particularly associated with increased morbidity and mortality.[54]
The recently published Valsartan Antihypertensive Long-term Use Evaluation
(VALUE) trial[26] studied the outcomes in hypertensive patients at increased
cardiovascular risk. This study was a major randomized, double-blind controlled trial
of RAAS blockers that included the development of new type 2 diabetes as a prespecified endpoint. Patients (15 245), aged 50 years or older, were randomized to
valsartan or amlodipine; hydrochlorothiazide was added to patients in either arm of
the trial if blood pressure control was suboptimal with monotherapy. Valsartan
reduced the incidence of new-onset diabetes by 23%. The VALUE investigators
suggested a positive effect of this drug on long-term insulin sensitivity. A similar
proportion of patients in both arms of the VALUE trial needed adjunctive diuretic
and/or beta blocker therapy for blood pressure control, thus the reduction in new
diabetes was not due to increased insulin resistance caused by other medications.
The International Verapamil-Trandolapril Study (INVEST) trialists[24] reported that in
16 176 non-diabetic, hypertensive patients with CHD, the incidence of new diabetes
was significantly lower in the verapamil sustained release/trandolapril strategy (7%),
compared with the atenolol/hydrochlorothiazide strategy (8.2%). Treatment with
hydrochlorothiazide 25 mg daily was associated with new diabetes in both strategies,
whereas increased exposure to the ACE inhibitor trandolapril in the verapamil
sustained release strategy appeared to be associated with more protection from new
diabetes than the atenolol/hydrochlorothiazide strategy.
The Intervention as a Goal in Hypertension Treatment (INSIGHT)[15] showed that,
after almost 5 years, 5.4% of the non-diabetic, hypertensive patients randomized to
the nifedipine gastrointestinal transport system developed new diabetes, compared
to 7% of those assigned the thiazide diuretic co-amilozide (hydrochlorothiazide 25
mg plus amiloride 2.5 mg) with or without a beta-blocker.
Most recently, results from the Anglo-Scandinavian Cardiac Outcomes Trial-Blood
Pressure Lowering Arm (ASCOT-BPLA) were presented in the late-breaking clinical

trials session at the American College of Cardiology's 2005 meeting. Patients in the
amlodipine/ perindopril arm of the study had a highly significant 32% reduction in
the incidence of new-onset diabetes as compared to those in the
atenolol/bendroflumethiazide arm after a mean follow-up of 5.4 years.[55]
Traditional beta-blockers worsen insulin sensitivity and increase the risk of
developing new diabetes. Carvedilol, an alpha-beta blocker with anti-oxidant
properties, however, has been shown to improve, rather than worsen, insulin
sensitivity. In the large Carvedilol Or Metoprolol European Trial (COMET), 3029
patients were randomized to either carvedilol or metoprolol in the setting of heart
failure. Carvedilol reduced newonset diabetes by approximately 22% in 4.8 years.[22]
More recently, in the Glycemic Effects in Diabetes Mellitus: Carvedilol-Metoprolol
Comparison in Hypertensives (GEMINI) trial, 1235 patients with type 2 diabetes and
hypertension were randomized to carvedilol or metoprolol. All patients were also
receiving either an ACE inhibitor or an ARB. At 35 weeks, carvedilol resulted in better
glycosylated hemoglobin levels with significantly improved insulin sensitivity as
measured by the HOMA (homeostasis model assessment) technique. It also reduced
the development of micro-albuminuria compared to metoprolol.[56]
These data from the above-mentioned trials appear consistent and suggest that the
incidence of new-onset diabetes was lower in one randomly assigned treatment
group (containing ACE inhibitors, ARBs, some calcium channel blockers and/or
carvedilol) than the other (containing diuretics in high doses and/or traditional betablockers). All of these trials were prospective, randomized, and included patients
with or at high risk of CHD, and the majority had less than optimal blood pressure
control at baseline.
However, limitations to these trials do exist. These include the fact that the definition
of 'diabetes' differed among them. In some of these trials, thiazide diuretics and/or
beta-blockers were used in some patients assigned to agents blocking the effects of
angiotensin II (ACE inhibitors or ARBs) or calcium antagonists. This probably
minimized the differences observed in emergence of new diabetes between the
treatment groups in these trials. The same or similar blood pressure reduction was
not achieved in each of the treatment groups in all of the studies, which may have
contributed to the disproportionate development of diabetes. In the second Swedish
Trial in Old Patients with hypertension (STOP-2),[13] the Nordic Diltiazem Study
(NORDIL),[16] the amlodipine arm of the Antihypertensive and Lipid- Lowering
Treatment to Prevent Heart Attack Trial (ALLHAT),[18] and The Study on Cognition
and Prognosis in the Elderly (SCOPE),[20] the reduction in the incidence of new-onset
diabetes was not statistically significant. Lastly, it must be emphasized that, except
in VALUE[26] and the Antihypertensive Treatment and Lipid Profile in a North of
Sweden Efficacy Evaluation (ALPINE),[21] new-onset diabetes was not a pre-specified
endpoint. Although the latter trial has shown an impressive 87% reduction in the
incidence of diabetes with candesartan as compared to atenolol, this should be taken
with reservation since it was a small study with a short follow-up period.

Potential Mechanisms of Action of the Antihypertensive Agents
The mechanisms of action whereby these medications prevent type 2 diabetes are
speculative.[25] ACE inhibitors not only block the conversion of angiotensin I to
angiotensin II, but also increase bradykinin levels through inhibition of kininase IImediated degradation.[57,58] These higher levels lead to increased production of

prostaglandins E1 and E2 and nitric oxide, which improve exercise-induced glucose
metabolism[59] and muscle sensitivity to insulin,[60-62] resulting in enhanced
insulinmediated glucose uptake. Furthermore, the peripheral vasodilatory actions of
ACE inhibitors and ARBs lead to an improvement in skeletal muscle blood flow, the
primary target for insulin action and an important determinant of glucose uptake.
This effectively increases the surface area for glucose exchange between the
vascular bed and skeletal muscles. Clinical evidence supporting this effect has been
provided by Morel and coworkers,[63] who have shown improved insulin sensitivity
when enalapril was given for 12 weeks to 14 obese, hypertensive, and dyslipidemic
patients.
The protection against new diabetes may in part be related to adipocyte function.
Reducing angiotensin II levels with an ACE inhibitor or blocking the angiotensin II
receptor with an ARB may promote differentiation of pre-adipocytes to mature
adipocytes, which serve as a sump for fat.[64] ARBs and ACE inhibitors may favorably
affect the pancreatic beta cell by increasing islet blood flow[65] and preserving beta
cell funtion.[66]
Carvedilol is a combined alpha/beta-blocker. The 7% alpha-I blockade is enough to
improve insulin sensitivity. Studies indicate that the difference in insulin sensitivity
between carvedilol and a first or second generation beta-blocker is equivalent to that
seen with adding a thiazolidinedione at high dose.[22,56,67] Simultaneous alpha
blockade likely causes vasodilation of the vascular bed in skeletal smooth muscles,
which in turn results in improved insulin sensitivity by increasing the surface area for
exchange of glucose.
Calcium channel blockers are metabolically neutral with respect to blood sugar
control. However, some have been associated with a lower incidence of diabetes in a
number of studies, as above. Further trials are needed to elucidate the role, if any, of
these agents in diabetes prevention.

Conclusions
Lifestyle modifications including 30 or more min of exercise on most or preferably all
days of the week, optimal diet (minimizing processed carbohydrates, saturated and
trans-fats, and calories), and weight loss are highly effective in preventing type 2
diabetes.
An ACE inhibitor or ARB is a logical first line antihypertensive agent in patients with
impaired fasting glucose or the metabolic syndrome for multiple reasons, including
the reduction in risk of progression to overt type 2 diabetes. Even in subjects without
diabetes or the metabolic syndrome, blood pressure levels previously thought to be
in the 'high-normal' range (120/80-139/89) are associated with an increased risk of
cardiovascular events[68] and, because of this, these levels are now considered to be
'pre-hypertension', per the new seventh Joint National Committee (JNC 7)
guidelines.[69] Some of the most widely used anti-hypertensives, particularly the
traditional beta blockers such as propranolol, timolol, metoprolol and atenolol, and
diuretics such as hydrochlorothiazide and chlorthalidone (in high doses), worsen
insulin resistance and increase the risk of developing type 2 diabetes.[18]
Prospective trials that specifically address the role of ACE inhibitors and ARBs in
diabetes prevention are underway, including DREAM (Diabetes REduction Approaches

with ramipril and rosiglitazone Medications), NAVIGATOR (Nateglinide And Valsartan
in Impaired Glucose Tolerance Outcomes Research), ONTARGET (ONgoing
Telmisartan Alone and in combination with Ramipril Global Endpoint Trial), and
TRANSCEND (Telmisartan Randomized AssessmeNt Study in aCE iNtolerant subjects
with cardiovascular Disease).
Our knowledge of the early stages of metabolic derangements that portend the
diagnosis of diabetes, the recent success of major intervention trials, and the
observations from the above-mentioned studies with ACE inhibitors and ARBs, clearly
show that individuals at high risk can be identified and diabetes delayed, if not
prevented. The cost-effectiveness of intervention strategies is unclear, but the huge
burden resulting from the complications of diabetes and the potential ancillary
benefits of some of the interventions suggest that an effort to prevent diabetes is
worthwhile.

Table 1. Risk Factors for Type 2 Diabetes

Table 2. Prevention of Type 2 Diabetes: Prospective, Randomized
Controlled Trials in Persons With Impaired Glucose Tolerance
(IGT)

Table 3. Reduction in the Incidence of New-Onset Diabetes
According to Study and Drug Treatment
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