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The prevalence of diabetes has increased dramatically in the last 3 decades.  Metabolic syndrome is a
strong risk factor for incident diabetes. Among components of metabolic syndrome, obesity and abnormal
carbohydrate metabolism are the most significant predictors.  Primary care physicians should identify
patients at risk and monitor their fasting glucose and/or postprandial glucose to enable timely diagnosis of
diabetes and appropriate interventions.  Lifestyle interventions that help reduce body weight and pharmaco-
logic interventions that address insulin resistance and/or postprandial glycemia may help prevent diabetes.
Intensive cardiovascular risk factor management should be an integral component of any diabetes pre-
vention plan. (Clinical Cornerstone. 2004;6[Suppl 3]:S14–S29)  Copyright © 2004 Excerpta Medica, Inc.

Diabetes mellitus has emerged as one of the most
threatening epidemics of our time.  In 1960, <1% of
the US population reported having diabetes.1 By the
Third National Health and Nutrition Examination
Survey (NHANES III, 1988–1994), based on the same
criteria used in 1960, the prevalence of diabetes had
increased to 5.1%.2 The rate of increase in diabetes
cases in developing countries is even higher than in the
United States and industrialized countries, and it is
estimated that by 2030 there will be 366 million
patients with diabetes worldwide.3 Increased longev-
ity (leading to an increase in the aging population) 
and westernization of lifestyle are the main factors
accounting for the increasing prevalence of diabetes.
In addition, in the past 10 years, a rapid increase in the
prevalence of type 2 diabetes mellitus (DM) has
occurred among children and adolescents in the United
States, especially among minority populations.4–6

Type 2 DM is caused by the interplay of 2 patho-
physiologic mechanisms: beta-cell dysfunction and
insulin resistance.  Beta-cell dysfunction is present in

nondiabetic relatives of patients with type 2 DM and is
attributed to genetic factors,7 whereas insulin resis-
tance is thought to be due to environmental factors.
Since there is no reason to believe that the global
genetic pool has changed over such a short period of
time, the increase in the prevalence of type 2 DM can
be attributed primarily to increased insulin resistance
in the world population. 

The socioeconomic consequences of the diabetes
epidemic are far-reaching.  The average cost of diabetes
care in the United States was estimated at $20 billion in
1987, $90 billion in 1994, and $132 billion in the most
recent estimate.8 Diabetes is the main cause of end-
stage renal disease, blindness in individuals of working
age, and nontraumatic amputations.9 It also accounts
for a 2- to 4-fold increase in coronary artery disease
events, stroke, and congestive heart failure.10

Prevention of diabetes has become an extremely
important task for primary care physicians in the 
United States.  Prevention involves identifying individuals
at risk, counseling patients to effect lifestyle changes,
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implementing appropriate interventions in selected
patients, and identifying patients where applicable
who might be at higher risk due to a non–diabetes-
related pharmacologic intervention.

IDENTIFYING RISK FACTORS FOR 
DEVELOPING DIABETES
Metabolic Syndrome

Metabolic syndrome was defined by the National
Cholesterol Education Program (NCEP) in 2001 as a
constellation of lipid and nonlipid risk factors indica-
tive of insulin resistance and increasing the risk of
cardiovascular disease and diabetes.11 Metabolic syn-
drome predicts the development of type 2 DM, ir-
respective of ethnicity, family history, and preexisting
disorder of carbohydrate metabolism.12

Metabolic syndrome comprises 5 factors: increased
abdominal obesity, increased triglycerides, low levels
of high-density lipoprotein cholesterol (HDL-C),
blood pressure elevation, and impaired fasting glucose
(IFG).  The working definition of metabolic syndrome
proposed by the NCEP is the presence of at least 3 of
these factors and is discussed in detail elsewhere in
this supplement.13 Each factor has been shown to be
associated independently with insulin resistance14,15

and the development of diabetes.16–20 The risk of devel-

oping diabetes appears to increase logarithmically with
the number of factors present (Figure 1).21,22

Two components of metabolic syndrome, obesity
and abnormal carbohydrate metabolism, have been
shown to be the main predictors of diabetes.
Abnormal carbohydrate metabolism includes IFG
as well as impaired glucose tolerance (IGT), and the
presence of either condition is referred to as “pre-
diabetes.”  Hypertension and dyslipidemia, 2 other
components of metabolic syndrome, are primary
predictors of cardiovascular risk but are less consis-
tent predictors of disorders of carbohydrate metab-
olism.  In a multiethnic cohort, IFG and large waist
circumference were strongly associated with IGT,
whereas the association of IGT with high triglyc-
erides was weaker.  The association of IGT with low
HDL-C levels was inconsistent, and there was no
apparent association between IGT and high blood
pressure.23 In another study of Pima Indians,24 fac-
tor analysis showed a strong relationship between
the incidence of diabetes and 2 factors: “insuline-
mia factor,” representing abnormal carbohydrate
metabolism and insulin activity, and “body weight”
factor, representing obesity.  The “lipid factor” was
a weaker predictor and the “blood pressure factor”
was a poor predictor.
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Figure 1. Risk ratio of incident diabetes as a function of number of factors of metabolic syndrome in
the West of Scotland Coronary Prevention Study (WOSCOPS) and Beaver Dam Eye Study.
Subjects with no feature of metabolic syndrome have a risk of 1.
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Obesity in Metabolic Syndrome

Obesity is the central feature of metabolic syn-
drome, as defined by the NCEP.25 The World Health
Organization (WHO) definition of obesity in meta-
bolic syndrome26 is different from that of the NCEP.
In the NCEP definition of metabolic syndrome, obesity
is diagnosed based on waist circumference, whereas in
the WHO definition it is diagnosed based on measure-
ment of body weight and height and calculation of 
the body mass index (BMI), without taking into con-
sideration the regional distribution of adiposity. 

Insulin Resistance Syndrome
The American College of Endocrinology has re-

cently introduced the term “insulin resistance syn-
drome” (IRS), a condition similar but not identical
to metabolic syndrome.27 BMI >30 kg/m2 is a feature
of WHO metabolic syndrome, whereas IRS is defined
by a BMI >25 kg/m2.  Insulin resistance and obesity 
are closely associated, but not synonymous: 16% of
patients with insulin resistance are of normal weight.15

Patients of normal weight who have features of meta-
bolic syndrome or insulin resistance have been de-
scribed as “metabolically obese, normal weight.”28

The prevalence of metabolic syndrome increases
with the degree of adiposity in men and women of all
ethnic groups.29 The value of evaluating regional dis-
tribution of adiposity in predicting incident diabetes is
controversial.  Intra-abdominal fat is better associated
with documented insulin resistance than subcuta-
neous fat.30 In the Hoorn study,31 a low amount of 
leg fat increased the risk of disorders of carbohydrate
metabolism after adjustment for intra-abdominal fat.
In other studies,32,33 both subcutaneous fat and intra-
abdominal fat were related to insulin resistance, but
only the latter was related to features of metabolic
syndrome. In the Kuopio Ischemic Heart Disease
Study,34 waist circumference was not superior to BMI
in predicting incident diabetes.  In Pima Indians, BMI
was found to be an excellent predictor of incident dia-
betes.  Inclusion of other indicators of adiposity dis-
tribution did not provide any additional information
about the risk of incident diabetes.35

Impaired Fasting Glucose and 
Impaired Glucose Tolerance

In the NCEP definition of metabolic syndrome, IFG
is defined by a fasting serum glucose >110 mg/dL.1

IFG is associated with insulin resistance36 but appears
to be an independent predictor of incident diabetes.37

The NCEP Adult Treatment Panel recently noted the
benefits of adding IGT to the definition of metabolic
syndrome but stopped short of recommending routine
IGT testing.38 IGT is defined by a serum glucose
between 140 and 200 mg/dL, 2 hours after oral admin-
istration of a 75-g glucose load.  IGT represents a
more severe abnormality than IFG. Patients with IGT
have a higher degree of insulin resistance and more
features of metabolic syndrome whether IGT occurs in
association with IFG39 or is isolated.40  In addition, 
in some studies, patients with IGT have a more pro-
nounced insulin secretory defect.36,41,42 IGT and IFG
predict diabetes with the same specificity, but the IGT
has a higher incidence43 which gives the test more 
sensitivity.44 On the other hand, IFG data are easier to
obtain and more reproducible.  Recently, the American
Diabetes Association lowered the threshold for IGT to
a serum glucose level of 100 mg/dL.45 The result of
this decision is an increased prevalence to match that of
IGT and therefore an increase in sensitivity for predic-
tion of incident diabetes12 but, possibly, a decrease in
its specificity.46

All features of metabolic syndrome are also features
of or risk factors for IRS.  In addition, IRS comprises
conditions that specifically increase the risk of incident
diabetes: family history of diabetes, history of gesta-
tional diabetes, polycystic ovarian disease, acanthosis
nigricans, nonalcoholic fatty liver disease, or ethnicity
other than non-Hispanic white.  Risk of incident dia-
betes in cohorts of women with gestational diabetes
depends on the prevalence of beta-cell dysfunction and
features of metabolic syndrome, which varies with 
ethnicity.47 The degree of risk in individual patients
increases with the degree of obesity and the number of
abnormalities detected at the time of the diagnostic test
(3 hours oral glucose tolerance test).48,49 Weight gain is
a primary risk factor for gestational diabetes in individ-
ual patients50 and accounts for the increasing prevalence
of gestational diabetes in the last 25 years.51 Polycystic
ovarian disease is associated with insulin resistance52

and predicts incident diabetes or IGT53 independent of
obesity.  Increased level of androgens, a feature of most
women with polycystic ovarian disease, is a risk factor
for incident diabetes even in postmenopausal women.54

Acanthosis nigricans is associated with features of
metabolic syndrome and insulin resistance55 and has a
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high prevalence in patients with newly diagnosed type 2
DM.56 Nonalcoholic fatty liver disease, defined by 
biopsy or noninvasive imaging, is associated with in-
sulin resistance and features of metabolic syndrome57,58

but does not predict incident diabetes independent of
fasting glucose.59 Increased levels of gamma-glutamyl-
transpeptidase60 and ferritin,61 both associated with
nonalcoholic hepatic liver disease, are predictors of 
diabetes.

The variation in diabetes prevalence across ethnic
groups is well documented in epidemiologic studies.62

The prevalence of metabolic syndrome63 and insulin
resistance64 is different at similar levels of adiposity
across ethnic groups.  The waist circumference thres-
hold established by NCEP is inadequate for diagnos-
ing insulin resistance in Asians65 or predicting diabetes
in European cohorts.34

Recently, novel cardiovascular risk factors have
been shown to predict the risk of incident diabetes.
Increased C-reactive protein (CRP) level is a risk
factor for diabetes in both men66 and women.67

CRP level predicts incident diabetes independent of
metabolic syndrome in some studies19,21 but not in
others.68 Other studies have found that CRP pre-
dicts diabetes independent of insulin resistance,67

disordered carbohydrate metabolism,69 or lifestyle
factors.70 Tests for other inflammatory markers that
are not yet commercially available (eg, interleukin-6
[IL-6]71,72 or tumor necrosis factor-α–receptor2

71)
have been found to be useful for predicting incident
diabetes. Adiponectin, an emerging primary marker
of insulin sensitivity, has been shown to predict 
diabetes.73–75 Markers of endothelial function such
as von Willebrand factor, E-selectin, and adhesion
molecules are also associated with incident dia-
betes.76,77 The clinical value of these data needs to
be confirmed through larger cohort studies and/or
standardization of the laboratory methodology. 

Lifestyle Factors Associated with 
Incident Diabetes
Weight Gain

Because adiposity is a main risk factor for disor-
ders of carbohydrate metabolism, weight gain results
in an increased risk of developing diabetes.  Smoking,
exercise, and dietary content might also be related to
insulin resistance and incident diabetes, irrespective
of changes in body weight. 

The magnitude of weight gain in adolescents as
well as adults is directly related to the increase in risk
of developing features of metabolic syndrome.78 The
increase in the indices of adiposity in the adult US
population parallels the epidemic of diabetes.79,80

Just as BMI is associated with diabetes incidence
without a specific threshold value, weight gain pre-
dicts diabetes independent of baseline degree of 
adiposity in both men and women (Figure 2).81,82

Weight loss was also shown to be negatively associat-
ed with the risk of diabetes.  In the NHANES II, while
each kilogram of body weight gained per year
increased the risk of diabetes by 49%, each kilogram
lost per year decreased the risk by 33%.83 Thus,
weight loss is an essential target for diabetes preven-
tion programs.

Diet

Epidemiologic studies have not shown a consistent
relationship between total dietary fat content and inci-
dent diabetes independent of BMI and weight gain.84

Polyunsaturated fat intake decreases the risk of dia-
betes, whereas intake of trans-fatty acids increases the
risk.85,86 The role of N-3 fatty acids intake (fish oil)
is controversial, but fish consumption has been shown
to decrease the incidence of diabetes.85,87 In short, the
data suggest a potential benefit from vegetable and
fish fat and a potential deleterious effect of animal fat
from sources other than fish.  

The effect of food with high fiber content on the
risk of incident diabetes has been studied in prospec-
tive cohorts.  Total grain,88 total dietary fiber,88 cereal
fiber,88–90 fruit and vegetable intake,91 and dietary
magnesium92 have been shown to have a strong
inverse relationship with the risk of diabetes.  Weight
gain is inversely associated with the intake of high-
fiber, whole-grain foods and positively related to the
intake of refined-grain foods.93

K E Y  P O I N T

Obesity is the central feature of meta-

bolic syndrome. The main predictors

of diabetes are weight gain and 

prediabetes.
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Total amount of dietary carbohydrate, sugar con-
tent, and content of different monosaccharides and
disaccharides in the diet have not consistently been
shown to be associated with the risk of incident 
diabetes.88,94 The type of dietary carbohydrate in
food products can be described by their glycemic
index.  Glycemic index is defined as the ratio of the
serum glucose level in the first 2 hours after 
the ingestion of a specific carbohydrate to the level
after the ingestion of a similar amount of carbohy-
drate as glucose.  Examples of foods with high
glycemic index are white and rye bread, cornflakes,
puffed wheat, and pasta.  In both the Physician
Health Study95 and Nurses’ Health Study,85 a diet
with a high glycemic index was associated with an
increased risk of diabetes.  The data could not be
reproduced in some cohorts88,96 but were recently
confirmed in the Nurses’ Health Study II using a
more thorough methodology of classification of
glycemic exposure and type of incident diabetes.97

Although moderate alcohol intake has a benefi-
cial effect in prevention of diabetes,98,99 binge
drinking or high alcohol intake might increase the

risk of diabetes.100 This relationship might be
mediated by weight gain.101

Exercise
Reported level of physical activity is negatively

associated with the risk of diabetes, independent of
BMI, in both men102 and women.103 In the Nurses’
Health Study, a validated detailed questionnaire was
used to quantitate the duration and the intensity of
exercise.104 After adjustment for age, BMI, hyperten-
sion, and dietary confounders, the risk of incident 
diabetes decreased with each quintile of metabolic
equivalent task score.105 Similar results were report-
ed in middle-aged men and women in whom the data
were also adjusted for the level of glucose toler-
ance.106 Use of cardiorespiratory fitness data to eval-
uate the level of exercise objectively yielded similar
results in European,107 US,108 and Asian109 popula-
tions. In young adults, low cardiorespiratory fitness
resulted in a 3- to 6-fold increase in the risk of new
onset hypertension, metabolic syndrome, and dia-
betes.  The association remained significant after ad-
justment for confounders such as BMI, weight change,
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Figure 2. Risk ratio of long-term incident diabetes as a function of the magnitude of long-term weight
gain. Subjects with stable weight have a risk of 1; data are adjusted for age. Minor weight
gain: 3–6 kg for men, 5–8 kg for women; moderate weight gain: 7–11 kg for men, 8–11 kg for
women; high weight gain: 12–18 kg for men, 11–20 kg for women; very high weight gain:
>18 kg for men, >20 kg for women.
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and family history of diabetes.110 The number of
hours per week spent watching television, as a mea-
sure of sedentary lifestyle, correlated with the risk of
incident diabetes independently of BMI and exercise
level in men111 and women.112 The authors estimated
that 43% of cases of diabetes could be prevented by
walking 30 minutes per day and reducing the time
spent watching television to <10 hours per week.112

Smoking

Current cigarette smoking is an independent, modifi-
able risk factor for diabetes.113,114 The risk is higher in
heavy smokers and lower in patients who are able to
quit.115 In middle-aged men and women, smoking was
an independent predictor of progression to hyperinsu-
linemia.116 The beneficial effects of smoking cessation
on the risk of incident diabetes are low in the first 5
years after cessation because of the associated weight
gain; however, after 5 years the risk of diabetes declines
and reaches the level of nonsmokers after 20 years.117

In the Nurses’ Health Study, the subgroup found to
have a low risk of incident diabetes had a low BMI
(<25 kg/m2); consumed a diet high in cereal fiber,
high in polyunsaturated fat, low in trans-fatty acids,
used food with low glycemic index; engaged in mod-
erate to vigorous physical activity for at least half an
hour a day; did not currently smoke; and consumed 
5 g of alcohol or more.118 The epidemiologic data from
the Nurses’ Health Study suggest that physicians
should counsel their patients on lifestyle interventions
that may help reduce the risk of incident diabetes,
with the exception of recommending daily alcohol
intake to nondrinkers.

Pharmacologic Agents Associated with
Increased Diabetes Risk 

Recently, much attention has been focused on drugs
that might contribute to an increased risk of diabetes.
Four drug classes have been more extensively dis-
cussed: antihypertensive agents, antipsychotic agents,
highly active antiretroviral therapy (HAART), and
macrolide immunosuppressants.  In these drug classes,
agents with proven strong clinical benefit have also
been suspected to be associated with increased risk of
development of diabetes.  Replacing these agents with
drug regimens thought to be associated with lower risk
of incident diabetes may depend on the perception by
clinicians of their comparative efficacy.

The Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial, the largest clinical
trial of cardiovascular prevention through blood pres-
sure control, has generated controversy concerning the
choice of a first-line antihypertensive drug.119 The
study showed that chlorthalidone (a diuretic), amlodi-
pine  (a dihydropyridine calcium channel blocker), and
lisinopril (an angiotensin-converting enzyme [ACE]
inhibitor) are equally effective in preventing the main
combined end point of fatal and nonfatal myocardial
infarction.  Chlorthalidone was the most effective in
controlling blood pressure, more effective than
amlodipine in preventing congestive heart failure, and
more effective than lisinopril in preventing congestive
heart failure, stroke, and combined cardiovascular
events.  The drugs were also significantly different with
respect to the risk of incident diabetes, with a rate of
11.6% for chlorthalidone, 9.8% for amlodipine, and
8.1% for lisinopril (P < 0.001).  These data are also sup-
ported by other randomized trials (Table)120–126 that
suggest that ACE inhibitors and angiotensin receptor
blockers (ARBs) are associated with a lower risk of
incident diabetes.  Because some of these studies were
placebo-controlled, the possibility arose of using ACE
inhibitors and ARBs to prevent diabetes irrespective of
a subject’s blood pressure.  This hypothesis is currently
being explored in the DREAM127 study (ramipril) and
NAVIGATOR128 (valsartan) study.  The difference in
risk of incident diabetes between diuretics and calcium
channel blockers is supported by data from INSIGHT,129

a clinical trial comparing the hydrochlolothiazide-
containing diuretic, co-amilozide, with the calcium
channel blocker nifedipine gastrointestinal therapeutic
system  (GITS).  The incidence of diabetes with co-
amilozide was 5.6% versus 4.3% with nifedipine GITS,
a 23% risk reduction (P = 0.02).  The fact that diuretics
are not inferior to ACE inhibitors in terms of clinical
outcomes suggests that incident diabetes that occurs
during treatment of hypertension does not translate into
an immediate increase in morbidity.  This was not the
case, however, in a recent report enrolling 797 patients
undergoing treatment for hypertension, which showed
that incident diabetes is associated with an almost 3-
fold increased risk of cardiovascular events.130 The
increased risk remained significant (P = 0.007) after
adjustment for all potential confounders, including
ambulatory blood pressure monitoring data.130 In
clinical practice, it may be prudent to consider the
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potential risk of inducing disorders of carbohydrate
metabolism when choosing antihypertensive therapy
for patients at risk for incident diabetes.

The introduction of second-generation antipsychotics
(SGAs) has improved the management of patients with
schizophrenia.  Compared with first-generation anti-
psychotics, they have fewer or no extrapyramidal side
effects at clinically effective doses and some have been
shown to be more effective in improving negative,
affective, or cognitive symptoms.  However, their use
has been associated with reports of dramatic weight
gain, diabetes onset, and atherogenic dyslipidemia.
Patients with schizophrenia have a high prevalence of
insulin resistance131 and diabetes,132,133 attributable to
environmental and/or genetic factors.  Exposure to
drugs that induce metabolic syndrome is likely to
increase this risk.  The weight gain induced by different
antipsychotic drugs seems to depend on their affinity for
different neuroreceptors.  The blockade of histamine-1,
muscarinic, alpha1-adrenergic, and 5-hydroxytryptamine
(5HT) 2A, and 2C receptors has been shown to cause
weight gain, and the blockade of 5HT1A, dopamine-2,
and alpha2-adrenergic receptors has been shown to
decrease appetite.134 Since SGAs have different affini-
ties for different receptors, the reported rates of weight
gain can vary from one drug to another.135 Other studies

have shown a high incidence of diabetes in patients
treated with antipsychotic agents irrespective of the
condition and the drug used.136,137 The US Food and
Drug Administration (FDA) has mandated that the
package inserts of SGAs carry a warning for potential
metabolic complications. Recent consensus pan-
els138,139 have established practice guidelines for the 
use of this class of drugs.  They include comprehensive
evaluation at the initiation of therapy and periodic 
monitoring throughout treatment for all features of
metabolic syndrome.  Both panels recommend consid-
ering switching drugs if weight gain occurs. The thresh-
old for maximum acceptable weight gain is 1 BMI unit
(3%–4% body weight)138 or 5% body weight.139

The clinical use of highly effective anti-HIV drugs
has resulted in a dramatic reduction in AIDS-related
mortality in industrialized countries.  The prolonga-
tion of the life expectancy of these patients through
long-term use of HAART has resulted in a markedly
increased incidence of metabolic disturbances, includ-
ing incident diabetes.  The most common metabolic
disturbance is AIDS-related dystrophy, characterized by
trunkal obesity reminiscent of that of chronic glucocor-
ticoid excess, as well as dyslipidemia and carbohydrate
intolerance.  Patients with this syndrome are insulin
resistant and at high risk of developing type 2 DM.

TABLE. RANDOMIZED CLINICAL TRIALS OF ANGIOTENSIN-CONVERTING ENZYME INHIBITORS
OR ANGIOTENSIN RECEPTOR BLOCKERS SHOWING SIGNIFICANT BENEFIT IN 
LOWERING INCIDENCE OF NEW-ONSET DIABETES.

% of Patients % of Patients
No. of with New-Onset with New- Onset % 

Study Patients Drug Diabetes Comparator Diabetes Reduction

ALLHAT119 24,309 Lisinopril 8.1 Chlorthalidone 11.6 30

CAPPP120 10,985 Captopril 6.1 Diuretics + beta-blockers 6.9 14

HOPE121 5720 Ramipril 3.6 Placebo 5.4 34

INVEST122 22,576 Trandolapril 7.0 Diuretics + beta-blockers 8.2 15

ALPINE123 392 Candesartan 0.5 Hydrochlorothiazide 4.1 88

CHARM124 7601 Candesartan 6.0 Placebo 7.0 12

LIFE125 7998 Losartan 6.0 Atenolol 8.0 25

VALUE126 15,245 Valsartan 13.1 Amlodipine 16.4 23

ALLHAT = Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; CAPPP = Captopril Prevention
Project; HOPE = Heart Outcomes Prevention Evaluation; INVEST = International Verapamil SR/Trandolapril Study; ALPINE =
Antihypertensive Treatment and Lipid Profile in a North of Sweden Efficacy Evaluation; CHARM = Candesartan in Heart
Failure—Assessment of Mortality and Morbidity; LIFE = Losartan Intervention for Endpoint Reduction; VALUE = Valsartan
Antihypertensive Long-term Use Evaluation.
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The etiology of the syndrome is multifactorial, with
infection, inflammatory response, and drug therapy all
possibly contributing.140 A retrospective review of the
Veterans Affairs administrative database identified age,
minority race, and HAART as main predictors of new-
onset diabetes.141 Hepatitis C is also an important risk
factor in the HAART era. Of the drugs used in HAART,
protease inhibitors are the most likely to induce meta-
bolic disorders.  Dyslipidemia occurs in 3 of 4 patients
treated with HAART.142 In Northern California Kaiser,
the incidence of diabetes in HIV-positive patients has
doubled during the HAART era to 1.88% per year.143

The mechanism of action for inducing dyslipidemia is
multifactorial and results in increased production of
precursors of lipoproteins (free fatty acids, sterols,
apolipoprotein B) and ultimately in increased produc-
tion of very low-density lipoproteins.142 HAART may
induce disorders of carbohydrate metabolism by in-
creasing insulin resistance as well as by diminishing
beta-cell function.144 Protease inhibitor–sparing therapy
regimens have been proposed but neither their meta-
bolic benefit nor their safety has been proved.145,146

New-onset diabetes is a frequent complication of
solid organ transplant.  It affects graft and patient sur-
vival and adds cardiovascular risk to a patient already
at high risk due to previous exposure to end-stage
renal disease and its comorbidity.  The incidence of
diabetes after renal transplant in the Medicare popu-
lation at 3 years’ follow-up is 24%.147 Risk factors
for incident diabetes after a transplant include age,
African American or Hispanic ethnicity, male gender,
number of human leukocyte antigen mismatches,
hepatitis C infection, obesity, and type of immuno-
suppression.  BMI is a risk factor for diabetes even at
levels below the threshold of 30 kg/m2, which defines

obesity.148 The effect of immunosuppressants on glu-
cose metabolism varies with the regimen used.  The
risk of diabetes increases with the dose of steroids and
becomes extremely high in cases of acute graft failure
when large doses are part of the management plan.
The introduction of calcineurins (cyclosporin and
tacrolimus) has dramatically improved survival and
comorbidity after transplantation and has allowed
reduction in the dose of steroids required, thus reduc-
ing the risk of incident diabetes.  Calcineurins differ
in their association with metabolic effects.  Cyclo-
sporin is associated with a higher incidence of
lipoprotein abnormalities149 but a lower incidence of
diabetes.150 Both calcineurins decrease insulin sensi-
tivity, but tacrolimus has more dose-dependent
inhibitory effects on insulin release,151 possibly due to
its different mode of transport into the beta cell.150

Studies of switching calcineurins have not been ade-
quately powered to allow a clear conclusion to be
drawn.152 Recent treatment algorithms using myco-
phenolate mofetil and decreasing the dose of
tacrolimus have been reported to result in a lower
incidence of diabetes.153 Low-dose tacrolimus is part
of the Edmonton protocol for islet-cell transplant,154

where it is essential to avoid deleterious effects on
beta cells.  A recent consensus on management of dia-
betes after transplant did not make any recommenda-
tions concerning graft survival management but
emphasized the need for pretransplant management,
metabolic monitoring, cardiovascular risk manage-
ment, and intensive glycemic control.155

RANDOMIZED TRIALS OF 
DIABETES PREVENTION 
Lifestyle Interventions

The Da Qing IGT and Diabetes Study156 enrolled
577 subjects with IGT in a randomized clinical trial of
lifestyle intervention versus “usual care,” with diabetes
as an end point.  Patients were randomly assigned to 1
of 4 groups: control, diet intervention, exercise inter-
vention, and diet and exercise interventions. After 6
years the incidence of diabetes per 100 patient-years
was 15.2% in the control group, 10.1% in the diet
group, 10.5% in the exercise group, and 8.0% in the
diet and exercise group.  After adjustment for differ-
ences in baseline BMI and fasting glucose, the diet,
exercise, and diet-plus-exercise interventions were
associated with 31% (P < 0.03), 46% (P < 0.0005), and

K E Y  P O I N T

A program of diabetes prevention

should consist of moderate reduction

in caloric intake with a high content of

fruits, vegetables, cereal fiber, and fish;

regular moderate physical activity; and

smoking cessation.
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42% (P < 0.005) reduction in risk of developing dia-
betes, respectively.  The decrease in diabetes risk re-
mained significant after adjustment for baseline insulin
resistance, insulin secretion, BMI, and postchallenge
glucose level.

The Finnish Diabetes Prevention Study157 enrolled
523 subjects in a randomized clinical trial of moder-
ate weight reduction and exercise versus “usual care.”
The study used individualized dietary and exercise
counseling with multiple visits per year. At 4 years’
follow-up, the incidence of diabetes was reduced
from 23% to 11% (P < 0.001), a 58% risk reduction.
The weight loss was modest: 3.5 kg (4.0%) in the
intervention group and 0.9 kg (1.1%) in the control
group.158 The reduction in the incidence of diabetes
was directly associated with the magnitude of lifestyle
changes achieved.159 In both arms of the study, changes
in insulin sensitivity correlated with the magnitude of
weight changes.160 The data suggest that weight loss
was a marker for changes in energy intake balance and
constituted the core of the program.

The Diabetes Prevention Program161,162 random-
ized 3234 subjects with IGT to 1 of 3 arms: “usual
care,” lifestyle changes, or metformin therapy (850 mg
BID). The average follow-up period was 2.8 years.
The incidence of diabetes was 11.0% in the control
arm and 4.8% in the lifestyle intervention arm, with a
difference of 58% (95% CI, 48%–66%).  Patients in
the lifestyle intervention arm were followed up
intensely with group and individualized counseling.
A cost analysis of the program determined that a sim-
ilar program in routine clinical practice would cost
~$750 per patient per year and the cost would be
$13,200 per case of diabetes prevented and $27,100
per quality-added life-year.163,164

Pharmacologic Intervention
Pharmacologic intervention to address insulin sen-

sitivity is currently being explored as an approach to
diabetes prevention. 

Metformin is a drug that decreases hepatic glucose
output, rendering insulin more effective in maintain-
ing glycemic control.  In the metformin treatment arm
of the Diabetes Prevention Program study discussed
earlier, the incidence of diabetes was 7.8%, with a
31% statistically significant reduction compared with
the control group.  The benefit was higher in younger
(44%) and heavier (53%) patients.162 A cost analysis

of the program determined that a similar program in
routine clinical practice would cost $14,300 per case
of diabetes prevented and $35,000 per quality-added
life-year.163

The TRIPOD Study was a single-center, random-
ized clinical trial that enrolled 236 Hispanic women
with gestational diabetes.165 The subjects were ran-
domized to receive placebo or troglitazone 400 mg/d.
Troglitazone is a true insulin sensitizer and increases
insulin-mediated glucose disposal. Women who did
not develop diabetes during the trial were tested 8
months after having discontinued the medication.
After a median follow-up of 30 months, the incidence
of diabetes was 12.1% in the control arm and 5.4% in
the troglitazone arm for a 56% reduction in risk.  The
effect of troglitazone persisted 8 months after its 
discontinuation and was associated with preservation
of beta-cell function in addition to the expected
improvement in insulin sensitivity.  Because troglita-
zone was withdrawn from the market as a result of
safety concerns, a large-scale international study is
currently exploring the effect of another drug from the
same class, rosiglitazone, in the prevention of dia-
betes.  The DREAM study has enrolled 5269 subjects
with IFG or IGT and has a 90% power to detect a 22%
reduction in incident diabetes.127

Another approach to preventing insulin resistance
is to add a pharmacologic agent aimed at enhanc-
ing the results of a weight reduction program.  The 
XENDOS study randomized 3305 patients to a
lifestyle intervention plus either orlistat 120 mg or
placebo taken 3 times daily.166 The study had a high
dropout rate.  After 4 years, the incidence of diabetes
was 9.0% with placebo and 6.2% with orlistat, a
reduction of 37% (P = 0.003).  Patients with IGT
accounted for most of the difference, with a risk reduc-
tion of 53% (P = 0.017).  The difference in weight loss
between the arms was modest (5.8 vs 3.0 kg).

IGT is a powerful predictor of incident diabetes as
is the ingestion of food with high glycemic index.  In
addition, the magnitude of postchallenge glycemia
has emerged as an important predictor of cardiovascu-
lar risk167 and atherosclerosis.168 Postchallenge glu-
cose levels have been associated with high levels of
oxidative stress, which contribute to the pathogenesis

*Metformin has not yet received approval from the FDA
for prevention of diabetes.
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of both atherosclerosis and diabetes.169 In light of
these data, randomized clinical trials have attempted
to reduce the incidence of diabetes and cardiovascular
disease by targeting postprandial glucose.

The STOP-NIDDM trial randomized 1429 patients
with IFG and IGT to treatment with acarbose 100 mg
or placebo 3 times daily.170 Acarbose is an α-
glucosidase inhibitor that specifically targets postpran-
dial glycemia.  The study drug was poorly tolerated at
the recommended dose, and 31% of subjects withdrew
early.  Despite the high dropout rate, there was a 25%
reduction in incident diabetes (P = 0.002),170 a 49%
reduction in cardiovascular events (P = 0.03), and a 34%
reduction in incident hypertension (P = 0.02).171,172

Cardiovascular benefit remained significant after
adjustment for major risk factors.  The reduction in car-
diovascular events was primarily due to a reduction in
the incidence of myocardial infarction.172 A subgroup
of the study population underwent measurements of
carotid intima media thickness (IMT).  Acarbose
reduced the progression of this index of vascular
remodeling by 50% (P = 0.027).173 These data are sup-
ported by a recent meta-analysis showing a 34% reduc-
tion in cardiovascular events and a 64% reduction in
myocardial infarction in patients with diabetes treated
with acarbose.174

Meglitinides are a class of oral hypoglycemic agents
designed to target postprandial hyperglycemia by
enhancing glucose-mediated insulin release.  The 
ability of nateglinide to reduce incident diabetes 
and cardiovascular events is currently being tested in a
long-term randomized international clinical trial 
(NAVIGATOR).128 The Campanian Postprandial
Hyperglycemia Study was conducted to assess the rela-
tionship between postprandial glycemia, carotid IMT,
and inflammatory markers in patients with type 2
DM.175 It randomized 175 drug-naive patients with
type 2 DM to treatment with either glyburide or
repaglinide for 12 months.  At the end of the trial there
was no difference in glycemic control between the
arms, but postprandial glucose peak was reduced fur-
ther in the repaglinide arm.  Regression of carotid IMT
was seen in 52% of patients treated with repaglinide and
18% of patients treated with glyburide (P < 0.01).  IL-6
and CRP were reduced significantly by repaglinide 
(P = 0.04 and P = 0.02, respectively).  This study is per-
tinent to incident cardiovascular disease and confirms the
value of specifically targeting postprandial glycemia.

CONCLUSIONS
Metabolic syndrome is a strong risk factor for incident
diabetes.  Among components of metabolic syndrome,
obesity and prediabetes are the most significant 
predictors.  At the time of diagnosis, a large proportion
of patients with diabetes are affected by its micro-
vascular complications.  Primary care physicians should
identify the patients at risk and monitor their fasting
glucose and/or postprandial glucose to enable timely
diagnosis and intervention.  When initiating a thera-
peutic plan that includes drugs that may likely increase
the risk of diabetes, physicians should be committed to
monitoring and counseling for incident diabetes.
Prevention of diabetes in patients at risk is based on
intensive counseling on alteration of lifestyle.
Pharmacologic interventions addressing insulin resis-
tance, weight management, or postprandial glycemia
are promising but have not yet gained wide accep-
tance.  Intensive cardiovascular risk factor manage-
ment, including drug therapy, is an important part of
the treatment plan. 
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