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Introduction
Diabetes mellitus and, in particular, type 2 diabetes, is
extremely common. Diabetes affects over 8% of the US
population between the ages of 20 to 74 years [1]. Its
prevalence is rapidly accelerating worldwide, with rates
expected to increase more than 165% by 2050 in the
United States alone [1]. This epidemic of type 2 diabetes
is largely fueled by an epidemic of obesity and physical
inactivity [2]. Patients with type 2 diabetes are affected by
microvascular complications, but cardiovascular disease
(CVD) complications exert the greatest toll. CVD (includ-
ing coronary heart disease, peripheral vascular disease,
and cerebrovascular disease) is more than twice as com-
mon among diabetic compared with nondiabetic persons
[3]; it is the major cause of morbidity and death in type 2
diabetes [4]. CVD events occur more than twice as fre-
quently as specific microvascular events, and fatal CVD
events may be as much as 70 times as common as fatal
microvascular events [4]. Diabetes and its complications

are extremely costly in terms of both health and dollars.
Diabetes causes substantial loss in quality of life, is the
fourth most frequent reason for ambulatory physician
visits, and incurs greater than $100 billion annually in US
health care expenditures [5–7]. Fortunately, our under-
standing of the precursors of type 2 diabetes and CVD is
growing simultaneously with our understanding of the
best methods to prevent these conditions.

Over the last quarter century, we have learned that type 2
diabetes and CVD arise over time from a background of
adverse levels of diverse metabolic risk factors. In recent
years, we have learned that type 2 diabetes and CVD share
many risk factors in common, especially obesity, hyper-
lipidemia, hypertension, and hyperglycemia. These associa-
tions gained broader recognition over a decade ago with the
postulation of “syndrome X” [8]. Reaven’s [8] physiologic
research documented that tissue resistance to the effects of
insulin was a feature of obesity and a fundamental patho-
physiologic precursor of type 2 diabetes, and possibly a pre-
cursor of hypertension and dyslipidemia (especially low
levels of high-density lipoprotein [HDL] cholesterol and ele-
vated levels of triglycerides). Based on these observations,
Reaven proposed that obesity, hyperglycemia, hypertension,
and dyslipidemia at least partially arise from insulin resis-
tance and are a recognizable precursor to type 2 diabetes
and CVD. The existence of a discrete syndrome has been the
subject of controversy, but accumulating evidence lends
substantial support for an “insulin resistance” syndrome [9].

Evidence for an Insulin Resistance Syndrome 
Early population-based evidence supporting the existence of
the insulin resistance syndrome included prospective associ-
ations of individual CVD risk factors with the incidence of
type 2 diabetes. For instance, data from the San Antonio
Heart Study documented a greater prevalence of obesity,
hypertension, low levels of HDL cholesterol, hyperglycemia,
and hyperinsulinemia among initially nondiabetic subjects
who developed type 2 diabetes over 8 years of follow-up
compared with subjects who remained nondiabetic [10]. In
addition, central obesity, in particular, appeared to be
responsible for the role of adiposity conferring elevated
metabolic risk [11]. Subsequent data from the San Antonio
study have shown that prediabetic subjects with insulin
resistance have greater elevations in CVD risk factors com-
pared with insulin-sensitive prediabetic subjects, supporting

The insulin resistance syndrome consists of the co-occurr-
ence of metabolic risk factors for type 2 diabetes and 
cardiovascular disease, including overall obesity, central 
obesity, dyslipidemia (characterized by elevated levels of 
triglycerides and low levels of high-density lipoprotein 
cholesterol), hyperglycemia, and hypertension. Using 
criteria proposed by the National Cholesterol Education 
Program Adult Treatment Panel III, national survey data 
suggest the insulin resistance syndrome is very common, 
affecting about 24% of US adults aged greater than 20 
years. The syndrome is more common in older people and 
in Mexican Americans, and will increase in prevalence as 
populations age and become more obese. Identification of 
the syndrome warrants aggressive interventions known to 
prevent type 2 diabetes and cardiovascular disease, 
including weight reduction, increased physical activity, and 
control of hypertension and dyslipidemia.
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a role for insulin resistance in the joint pathogenesis of type
2 diabetes and CVD [12•]. In another study, Finnish men
with hyperinsulinemia subsequently developed hyper-
tension and dyslipidemia [13]. 

A criticism of the insulin resistance syndrome hypothesis
is that its constituent traits are very common, and it may co-
occur in some subjects independent of any underlying
unifying physiology [14]. However, in population studies
insulin resistance–related risk factors co-occur to a far greater
degree than would be predicted by chance alone. For instance,
in the Framingham Offspring Study of primarily white sub-
jects, groupings of three or more of low HDL cholesterol and
elevated body mass index (BMI), systolic blood pressure, tri-
glycerides, glucose, and total cholesterol occurred at twice the
rate predicted by chance [15]. Similar risk factor clustering
was found among white and African-American participants in
the Atherosclerosis Risk in Communities Study [16]. In the
Italian population-based Bruneck Study, the joint occurrence
of all major insulin resistance–related traits occurred over
1000-fold more frequently than expected by chance alone
[17]. Results of factor analyses provide additional statistical
evidence for an insulin resistance syndrome. Factor analysis is
a multivariate correlation method that seeks to identify unify-
ing patterns underlying a large set of intercorrelated variables
such as insulin resistance–related metabolic traits. More than
a dozen factor analyses of metabolic risk factor data from a
wide array of populations have shown that the 10 (or more)
individual traits of the syndrome reflect two to four underly-
ing physiologic processes. Many of these analyses are
consistent with a central role for insulin resistance or hyperin-
sulinemia underlying cluster patterns [9,18]. 

Prospective outcomes data also support the validity of
the insulin resistance syndrome hypothesis. Insulin resis-
tance is a fundamental precursor of type 2 diabetes [19], and
hyperinsulinemia associated with insulin resistance may be
an independent risk factor for CVD [20]. Recently, several

studies have shown that the central insulin resistance cluster
identified by factor analysis is associated with the incident
development of both type 2 diabetes and CVD. Data from
Scandinavia show that among initially nondiabetic subjects
the insulin resistance cluster increased relative risk for type 2
diabetes by over fourfold [21], and risk for CVD by about
30% [22,23,24•]. Preliminary evidence from the Framing-
ham Study also demonstrates an 11-fold increased risk for
incident type 2 diabetes and a 2.4-fold increased risk for inci-
dent CVD events associated with the insulin resistance syn-
drome [25]. In summary, current population-based evidence
demonstrates greater than chance co-occurrence of metabolic
risk factors linked to insulin resistance, giving rise over time
to the joint occurrence of type 2 diabetes and CVD.

Definitions of the Insulin 
Resistance Syndrome 
Despite growing evidence to support its existence, until
recently, there has been no uniform definition for the insulin
resistance syndrome. Investigators have tended to use idio-
syncratic case definitions, impeding uniform analysis of the
epidemiology of the syndrome. Even the name of the syn-
drome has been the subject of wide variation [9,26].
Recently, two expert groups, the World Health Organization
(WHO) [27] and the National Cholesterol Education Pro-
gram Adult Treatment Panel III (NCEP ATP III) [28•] have
proposed criteria defining what they call the “metabolic syn-
drome.” These criteria are displayed in Table 1, and sugges-
tions for clinical assessment and management of component
traits are listed in Table 2. 

The WHO and NCEP ATP III definitions are similar in
their focus on obesity, dyslipidemia, hyperglycemia, and
hypertension as constituent traits. However, there are also
substantial differences. 1) The WHO considers the presence
of elevated postchallenge glycemia as well as insulin

Table 1. Definitions of the insulin resistance or metabolic syndrome by the WHO and 
NCEP ATP III criteria

WHO criteria NCEP ATP III criteria

(IFG or IGT or diabetes) or insulin resistance plus two or Three or more of the following:
more of the following: Abdominal obesity: waist circumference > 88 cm (women) or 
Waist:hip ratio > 0.85 (women) or > 0.9 (men) or body 102 cm (men)

mass index > 30 kg/m2 Triglycerides ≥ 1.7 mmol
Triglycerides ≥ 1.7 mmol or HDL cholesterol < 0.9 mmol HDL cholesterol < 1.16 mmol (women) or < 0.91 mmol (men)

(women) or < 1.0 mmol (men) Blood pressure ≥ 130/85 mm Hg
Blood pressure ≥ 140/90 mm Hg Fasting plasma glucose ≥ 6.1 mmol
Microalbuminuria: urinary albumin excretion rate ≥ 20 

µg/min or albumin:creatinine ratio ≥ 30 mg/g

IFG: FPG 6.1 to 6.9 mmol and 2-hour post-oral glucose challenge plasma glucose < 7.8 mmol. IGT: FPG < 6.1 mmol and 2-hour post glucose 7.8  to 
11.0 mmol. Diabetes indicates treatment for hyperglycemia or FPG ≥ 7.0 mmol or 2-hour post glucose ≥ 11.1 mmol. Insulin resistance indicates insulin 
clamp-assessed glucose uptake below the 25th percentile, or homeostasis-model assessed (fasting insulin and fasting glucose 22.5) insulin resistance 
above the 75th percentile, as measured among subjects with no metabolic abnormalities [26].
FPG—fasting plasma glucose; HDL—high-density lipoprotein; IFG—impaired fasting glucose; IGT—impaired glucose tolerance; 
NCEP ATP III—National Cholesterol Education Program Adult Treatment Panel III; WHO—World Health Organization.
(From Alberti and Zimmet [27], NCEP [28•].)
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resistance, whereas the NCEP ATP III considers only fasting
hyperglycemia. Reliance on fasting glucose alone to assess
glycemic status may overlook a large proportion of subjects
with isolated postchallenge hyperglycemia who may be
classified as unaffected by NCEP ATP III criteria [39]. Both
criteria explicitly (WHO) or implicitly (NCEP ATP III)
include type 2 diabetes as a component trait. There is sub-
stantial controversy over this issue: if type 2 diabetes is a
consequence of the syndrome then it is not useful to also
include it as a component of the syndrome. In addition,
assessment of insulin resistance or hyperinsulinemia is not
part of usual clinical practice, making this element of the
WHO criteria controversial as well [26]. 2) The WHO criteria
consider either overall obesity (assessed by BMI) or central
obesity (assessed by waist:hip ratio); the NCEP ATP III con-
siders only central obesity (assessed by waist circumference).
The effect of this substitution on syndrome prevalence, clini-
cal use of the criteria, or subsequent risk for outcomes is
unknown. 3) The WHO criteria assign only one “point” for
dyslipidemia; the NCEP ATP III criteria assign up to two
“points” for low HDL cholesterol—high triglycerides, poten-
tially overweighting the contribution of dyslipidemia to the
insulin resistance syndrome phenotype. The accurate
“weight” of each trait contributing to risk for adverse out-

comes is uncertain. Regression models predicting the devel-
opment of type 2 diabetes demonstrate, for instance, that
fasting hyperglycemia confers a fourfold greater risk per unit
increase than does systolic blood pressure [40]. In addition,
it is unlikely that each trait confers truly independent and
equivalent risk for outcomes. Thus, weighting each trait
equally may distort the risk associated with the insulin resis-
tance syndrome, especially when comparisons are made
across populations with substantial differences in underly-
ing trait prevalence. 4) Blood pressure thresholds are higher
in the WHO criteria compared with the NCEP ATP III crite-
ria, leaving a lower prevalence, but of more severe, hyperten-
sion among those with the insulin resistance syndrome by
the WHO criteria. 5) The WHO specify microalbuminuria as
a component trait, whereas the NCEP ATP III does not. As
for the obesity traits, the marginal effect of this trait differ-
ence is unknown.

The presence of these differences and other problems
with proposed criteria for the insulin resistance syndrome
point out that substantial work to reduce uncertainty about
the syndrome remains to be done. In particular, whether
proposed criteria identify substantially different subjects or
confer differential risk for type 2 diabetes or CVD remains to
be determined. 

Table 2. Clinical assessment and management of insulin resistance syndrome traits

Clinical assessment
 Glucose tolerance status

Impaired fasting glucose Requires an overnight fast of at least 8 hours
Impaired glucose tolerance Requires an oral glucose tolerance test

Insulin resistance Not yet recommended in clinical practice; requires (at least) measurement of 
the fasting insulin level

Body mass index Weight and height measured with the patient in light clothing
Waist circumference Abdomen measured with a tape at the level of the umbilicus
Waist:hip ratio Hip circumference measured at the level of the iliac crest
Triglycerides Requires an overnight fast of at least 8 hours
HDL cholesterol Can be performed on nonfasting blood samples
Blood pressure Most studies use the average of two measurements after the subject has been 

sitting for 5 minutes
Microalbuminuria Measured with a timed overnight urine collection or a spot morning urine 

collection
Clinical management

Weight loss and increased physical activity Demonstrated in controlled trials to prevent development of type 2 diabetes 
[29••,30,31]

Control of elevated blood pressure and lipids Demonstrated in controlled trials to prevent development of CVD [28•,32]
Insulin-sensitizing drugs

Metformin Suggested or demonstrated in controlled trials to prevent development of type 
2 diabetes [29••] and CVD in patients with type 2 diabetes [33]

Thiazolidinediones In the United States, rosiglitazone and pioglitazone; clinical trials show 
improved insulin sensitivity and reduced levels of CVD risk factors [34,35] 
One trial underway is testing prevention of type 2 diabetes [36]

Other drug therapies
3-hydroxy-3-methylglutaryl coenzyme A 

reductase inhibitors ("statins")
Demonstrated in controlled trials to prevent development of CVD; 

observational data suggest prevention of type 2 diabetes [37]
Angiotensin-converting enzyme inhibitors Demonstrated in controlled trials to prevent development of CVD; 

observational data suggest prevention of type 2 diabetes [38]

CVD—cardiovascular disease; HDL—high-density lipoprotein.
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Prevalence of the Insulin Resistance Syndrome
The WHO criteria were proposed in 1998 and the NCEP ATP
III criteria were proposed in 2001. To date, there is very little
published data on the prevalence of the insulin resistance
syndrome in the US population. The best current data were
published in early 2002 by Ford et al. [41••], based on an
analysis of 8814 men and women aged 20 years or older
from the Third National Health and Nutrition Examination
Survey (NHANES III, 1988–1994), a cross-sectional health
survey of a nationally representative sample of the noninsti-
tutionalized US civilian population. Ford et al. [41••] used
NCEP ATP III criteria to assess prevalence of the syndrome.
There are currently no published population-based data on
the prevalence of the syndrome by the WHO criteria.
According to the NCEP ATP III data, there is substantial het-
erogeneity in the distribution of insulin resistance syndrome
traits. For instance, large waist circumference is more
common in women, whereas elevated triglyceride levels are
more common in men. Hypertension is relatively common
in African Americans, whereas high triglycerides are rela-
tively uncommon. Four of the traits are roughly equally
prevalent in white persons, whereas hyperglycemia is rela-
tively uncommon in all groups. 

Overall, the prevalence of the syndrome by NCEP ATP III
criteria is similar among men and women—about 24%—but
increases dramatically with age, from about 7% among
people in their 20s to over 40% among people older than 60
years. Racial and ethnic trait heterogeneity give rise to sub-
stantial racial and ethnic variation in the prevalence of the
syndrome itself. About 36% of Mexican-American women
and 28% of Mexican-American men have the syndrome,
whereas only about 26% of African-American women and
16% of African-American men are affected. White women
(23%) and white men (25%) are equally affected. Overall,
24% of white persons, 22% of African Americans, 32% of
Mexican Americans, and 20% of other racial and ethnic
groups combined may be classified with the syndrome.
Despite these high prevalence rates, they are likely an under-
estimate of the current prevalence of the syndrome, given the
accelerating epidemic of obesity (and its adverse metabolic
effects) in the US population over the last decade [42].

Genetics of the Insulin Resistance Syndrome 
Like many common chronic diseases, the insulin resistance
syndrome is partly determined by modifiable environmen-
tal factors, especially obesity and a sedentary lifestyle [43].
However, there may also be a genetic basis for the syndrome.
Family studies demonstrate that clusters of metabolic risk
factors are transmitted from parents to offspring [44]. Twin
studies demonstrate a higher concordance of insulin resis-
tance syndrome traits among monozygotic compared with
dizygotic twins, and heritabilities of these traits of 40% to
50% [45,46]. Family studies also demonstrate that a com-
mon set of genes may determine not only fasting insulin
levels but also lipid and obesity traits [47]. Recent linkage

analyses identify loci linked to insulin resistance syndrome
traits on chromosomes 3, 6, 7, and 17 [48,49]. The signifi-
cance of these loci remains to be determined, because trans-
lation of linkage information into specific gene discovery
has proved enormously difficult. In addition, there are likely
to be several genetic determinants for the insulin resistance
syndrome, given its underlying trait heterogeneity.

Prevention and Treatment of the Insulin 
Resistance Syndrome
If insulin resistance is the underlying cause of the insulin
resistance syndrome, then interventions to improve insulin
sensitivity may constitute an important, specific therapy
for the prevention of type 2 diabetes and CVD. Current
options for therapeutic management of insulin resistance
are listed in Table 2. Because obesity and a sedentary life-
style are two major modifiable risk factors for insulin resis-
tance, lifestyle changes leading to weight loss and increased
physical activity are key therapies to reduce risk factor lev-
els diagnostic of the syndrome. Although there are no data
directly addressing the insulin resistance syndrome, data
showing that type 2 diabetes can be prevented provide
guidance. For instance, the Diabetes Prevention Program
(DPP) demonstrated recently that an intensive lifestyle
modification program with the goals of at least a 7%
weight loss and at least 150 minutes of physical activity per
week reduced the incidence of type 2 diabetes to 4.8 cases
per 100 person-years, compared with 11 cases per 100 per-
son-years in a standard lifestyle recommendation control
group [29••]. This effect translated into an absolute risk
reduction of 6.2 cases per 100 person-years, with about
seven patients needing treatment for 3 years to prevent one
case of type 2 diabetes, and a relative risk reduction of 58%
(95% CI: 48% to 66%). The results of the DPP confirm
findings of other similar studies, including the Finnish
Diabetes Prevention Study and the Da Qing (China) IGT
and Diabetes Study [30,31]. The American Diabetes Associ-
ation advocates counseling patients at risk for type 2 diabe-
tes to lose weight and increase physical activity.

Eligibility criteria for the DPP included age ≥ 25 years, a
BMI of ≥ 24 kg/m2, a fasting plasma glucose level of 5.3 to
6.9 mmol, and 7.8 to 11.0 mmol 2 hours after a 75-g oral
glucose tolerance test. Other features of the insulin resistance
syndrome were not included in eligibility criteria, although it
is likely that many DPP participants would be classified as
having the syndrome. The prevalence of the insulin resis-
tance syndrome among people otherwise meeting DPP eligi-
bility criteria will provide evidence of the expected benefit of
applying the DPP results to insulin resistance syndrome
management, which is the subject of ongoing research.

The DPP also demonstrated that treatment with the
insulin-sensitizing drug metformin (850 mg twice a day)
reduced the incidence of diabetes to 7.8 cases per 100 per-
son-years compared with placebo. This effect translated into
an absolute risk reduction of 3.2 cases per 100 person-years,
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with about 14 patients needing treatment for 3 years to pre-
vent one case of type 2 diabetes, and a relative risk reduction
of 31% (95% CI: 17% to 43%). Metformin therapy was less
effective in subjects older than 60 years and those with a
BMI less than 30 kg/m2. Metformin may also reduce CVD
events in patients with type 2 diabetes [33]. The other major
class of insulin-sensitizing drugs, the thiazolidinediones (of
which rosiglitazone and pioglitazone are currently available
in the United States), also improve metabolic risk factor lev-
els [34], and may reduce the progression of atherosclerosis
[35]. One clinical trial underway is testing whether troglita-
zone prevents the development of diabetes in women with
gestational diabetes [36], but currently there is no direct
evidence that the thiazolidinediones are useful for diabetes
or CVD prevention.

3-hydroxy-3-methylglutaryl coenzyme A reductase inhib-
itors (or “statins”) and angiotensin-converting enzyme
inhibitors have also been suggested to prevent not only CVD,
but type 2 diabetes. In post-hoc analyses of randomized con-
trolled trials to prevent CVD, the statin pravastatin [37] and
the angiotensin-converting enzyme inhibitor ramipril [38]
were found to reduce the relative risk of diabetes by about
30%. Both these drugs may have beneficial effects on vascu-
lar endothelial function; their antidiabetic effect is consistent
with the hypothesis that insulin resistance, type 2 diabetes,
and CVD share endothelial dysfunction as their ultimate
common antecedent [50]. On the basis of relatively weak
effects, scant experimental data, and the potential for adverse
drug effects, the American Diabetes Association currently
does not advocate the routine use of any drug therapy to pre-
vent type 2 diabetes. By extension, the same argument can be
made for the prevention of the insulin resistance syndrome. 

Therapeutic lifestyle changes have broad benefits on
health and can safely be recommended for most subjects.
However, it must be emphasized that we do not know
whether treatment aimed at the insulin resistance syndrome
will reduce the risk for adverse outcomes to an equal or
greater degree than treatments aimed at individual meta-
bolic traits. There is solid experimental evidence that thera-
pies directed specifically at hyperlipidemia, hypertension,
and hyperglycemia significantly reduce risks for type 2 dia-
betes and CVD events and should be considered for patients
with any of these conditions [28•,29••,32]. Perhaps the
greatest value in recognizing the insulin resistance syndrome
is not that it suggests specific treatment for insulin resis-
tance, but that it identifies a patient with an extremely
adverse metabolic state warranting aggressive intervention
for specific risk factors.

Conclusions
Over the last decade we have learned that type 2 diabetes and
CVD share many risk factors in common. Even mild eleva-
tions in blood pressure, plasma lipids, and blood glucose,
when they occur in combination, confer substantial excess

risk for type 2 diabetes, CVD, and death. The co-occurrence
of these risk factors is linked to obesity (especially central
obesity) and insulin resistance; this co-occurrence constitutes
the insulin resistance syndrome. Recently proposed case defi-
nitions enable epidemiologic analysis of the insulin resis-
tance syndrome, although specific details of the definition,
including which traits (especially diabetes), trait thresholds,
and trait weightings are appropriate, remain to be resolved.
Emerging prevalence data suggest that the insulin resistance
syndrome is very common, especially among older people
and in Mexican-American populations. The syndrome will
undoubtedly become even more common over time, paral-
leling the exploding epidemic of obesity and type 2 diabetes
in the United States and worldwide. 

Weight loss and increased physical activity are important
treatments to reduce insulin resistance, but recognition of the
syndrome in an individual patient should trigger aggressive
intervention to reduce levels of specific traits. The etiology,
prevention, and treatment of the insulin resistance syndrome
are currently the current focus of intense research activities.
We can expect our understanding of the public health and
clinical importance of the syndrome to have a much stronger
evidence base within the next few years.

References and Recommended Reading
Papers of particular interest, published recently, have been 
highlighted as:
• Of importance
•• Of major importance

1. Boyle JP, Honeycutt AA, Narayan KM, et al.: Projection of dia-
betes burden through 2050: impact of changing demography 
and disease prevalence in the U.S. Diabetes Care 2001, 
24:1936–1940.

2. Mokdad AH, Bowman BA, Ford ES, et al.: The continuing epi-
demics of obesity and diabetes in the United States. JAMA 
2001, 286:1195–1200.

3. Kannel WB, McGee DL: Diabetes and cardiovascular disease: 
the Framingham Study. JAMA 1979, 241:2035–2038.

4. UK Prospective Diabetes Study (UKPDS) 17. A 9-year update 
of a randomized, controlled trial on the effect of improved 
metabolic control on complications in non-insulin-dependent 
diabetes mellitus. UK Prospective Diabetes Study Group [no 
authors listed]. Ann Intern Med 1996, 124(1 pt 2):136–145.

5. Quality of life in type 2 diabetic patients is affected by 
complications but not by intensive policies to improve blood 
glucose or blood pressure control (UKPDS 37). U.K. Pro-
spective Diabetes Study Group [no authors listed]. Diabetes 
Care 1999, 22:1125–1136.

6. Harris MI: Ambulatory medical care for diabetes. In Diabetes 
in America: Diabetes Data Compiled 1984. Publication 85–1468. 
Group NDD. Bethesda, MD: National Institutes of Health; 
1985:XXV.1–13.

7. Economic consequences of diabetes mellitus in the U.S. in 
1997. American Diabetes Association [no authors listed]. 
Diabetes Care 1998, 21:296–309.

8. Reaven GM: Role of insulin resistance in human disease. Dia-
betes 1988, 37:1595–1607.

9. Meigs JB: Invited commentary: insulin resistance syndrome? 
Syndrome X? Multiple metabolic syndrome? A syndrome at 
all? Factor analysis reveals patterns in the fabric of correlated 
metabolic risk factors. Am J Epidemiol 2000, 152:908–911.



78 Insulin Resistance Syndrome, Including Polycystic Ovary Syndrome
10. Haffner SM, Stern MP, Hazuda HP, et al.: Cardiovascular risk 
factors in confirmed prediabetic individuals: does the clock 
for coronary heart disease start ticking before the onset of 
diabetes? JAMA 1990, 263:2893–2898.

11. Stern MP, Haffner SM: Body fat distribution and hyperin-
sulinemia as risk factors for diabetes and cardiovascular dis-
ease. Arteriosclerosis 1986, 6:123–130.

12.• Haffner SM, Mykkanen L, Festa A, et al.: Insulin-resistant pre-
diabetic subjects have more atherogenic risk factors than 
insulin sensitive prediabetic subjects: implications for pre-
venting coronary heart disease during the prediabetic state. 
Circulation 2000, 101:975–980.

This is one of many important papers from the San Antonio Heart 
Study investigators documenting the role of insulin resistance as a 
precursor to type 2 diabetes and CVD. The paper also provides data 
accounting for the high rates of CVD in nondiabetic subjects who 
subsequently develop type 2 diabetes.
13. Salonen JT, Lakka TA, Laaka H-M, et al.: Hyperinsulinemia is 

associated with the incidence of hypertension and dyslipi-
demia in middle-aged men. Diabetes 1998, 47:270–275.

14. Yarnell JW, Patterson CC, Bainton D, Sweetnam PM: Is meta-
bolic syndrome a discrete entity in the general population? 
Evidence from the Caerphilly and Speedwell population 
studies. Heart 1998, 79:248–252.

15. Wilson PWF, Kannel WB, Silbershatz H, D'Agostino RB: Clus-
tering of metabolic factors and coronary heart disease. Arch 
Intern Med 1999, 159:1104–1109.

16. Schmidt MI, Watson RL, Duncan BB, et al.: Clustering of dys-
lipidemia, hyperuricemia, diabetes, and hypertension and its 
association with fasting insulin and central and overall obe-
sity in a general population. Metabolism 1996, 45:699–706.

17. Bonora E, Kiechl S, Willeit J, et al.: Prevalence of insulin resis-
tance in metabolic disorders. Diabetes 1998, 47:1643–1649.

18. Meigs JB, D'Agostino RB, Wilson PWF, et al.: Risk variable clus-
tering in the insulin resistance syndrome: the Framingham 
Offspring Study. Diabetes 1997, 46:1594–1600.

19. Lillioja S, Mott DM, Spraul M, et al.: Insulin resistance and insu-
lin secretory dysfunction as precursors of non-insulin-depen-
dent diabetes mellitus. N Engl J Med 1993, 329:1988–1992.

20. Despres J-P, Lamarche B, Mauriege P, et al.: Hyperinsulinemia 
as an independent risk factor for ischemic heart disease. N 
Engl J Med 1996, 334:952–957.

21. Kekalainen P, Sarlund H, Pyorala K, Laakso M: Hyperinsuline-
mia cluster predicts the development of type 2 diabetes inde-
pendent of a family history of diabetes. Diabetes Care 1999, 
22:86–92.

22. Lempiainen P, Mykkanen L, Pyorala K, et al.: Insulin resistance 
syndrome predicts coronary heart disease events in elderly 
nondiabetic men. Circulation 1999, 100:123–128.

23. Pyorala M, Miettinen H, Halonen P, et al.: Insulin resistance 
syndrome predicts the risk of coronary heart disease and 
stroke in healthy middle-aged men: the 22-year follow-up 
results of the Helsinki Policemen Study. Arterioscler Thromb 
Vasc Biol 2000, 20:538–544.

24.• Isomaa B, Almgren P, Tuomi T, et al.: Cardiovascular morbidity 
and mortality associated with the metabolic syndrome. 
Diabetes Care 2001, 24:683–689.

Data from a family diabetes study in Finland and Sweden provide 
evidence that the insulin resistance syndrome increases risk for CVD. 
Also provides data on the prevalence of the insulin resistance syndrome 
by the WHO criteria, but the source is a high-risk cohort so rates overes-
timate the prevalence that would be expected in an unselected, popula-
tion-based sample.
25. Wilson PWF, D'Agostino RB, Parise H, Meigs JB: The metabolic 

syndrome as a precursor of cardiovascular disease and type 2 
diabetes mellitus [abstract]. Diabetes 2002, 51(suppl 1):980–P.

26. Balkau B, Charles MA: Comment on the provisional report 
from the WHO consultation. European Group for the Study 
of Insulin Resistance (EGIR). Diabet Med 1999, 16:442–443.

27. Alberti KG, Zimmet PZ: Definition, diagnosis and classifica-
tion of diabetes mellitus and its complications. Part 1: diag-
nosis and classification of diabetes mellitus provisional 
report of a WHO consultation. Diabet Med 1998, 15:539–553.

28.• Executive Summary of The Third Report of The National Cho-
lesterol Education Program (NCEP) Expert Panel on Detec-
tion, Evaluation, And Treatment of High Blood Cholesterol 
In Adults (Adult Treatment Panel III) [no authors listed]. 
JAMA 2001, 285:2486–2497.

Provides the NCEP ATP III criteria for the “metabolic syndrome.” Also 
provides the evidence base for the importance of lipid lowering to pre-
vent CVD events.
29.•• Knowler WC, Barrett-Connor E, Fowler SE, et al.: Reduction in 

the incidence of type 2 diabetes with lifestyle intervention or 
metformin. N Engl J Med 2002, 346:393–403.

The DPP firmly establishes that weight loss and increased physical 
activity prevent the development of type 2 diabetes. These findings 
are likely to extend to insulin resistance–related disorders in general. 
The interventions are feasible to deliver in clinical practice. This is 
required reading for all clinicians and public health personnel.
30. Tuomilehto J, Lindstrom J, Eriksson JG, et al.: Prevention of 

type 2 diabetes mellitus by changes in lifestyle among sub-
jects with impaired glucose tolerance. N Engl J Med 2001, 
344:1343–1350.

31. Pan XR, Li GW, Hu YH, et al.: Effects of diet and exercise in 
preventing NIDDM in people with impaired glucose toler-
ance. The Da Qing IGT and Diabetes Study. Diabetes Care 
1997, 20:537–544.

32. The sixth report of the Joint National Committee on preven-
tion, detection, evaluation, and treatment of high blood 
pressure. Joint National Committee on Prevention D, Evalua-
tion, and Treatment of High Blood Pressure [no authors 
listed]. Arch Intern Med 1997, 157:2413–2446.

33. Effect of intensive blood-glucose control with metformin on 
complications in overweight patients with type 2 diabetes 
(UKPDS 34). UK Prospective Diabetes Study (UKPDS) 
Group. Lancet 1998, 352:854–865.

34. Ghazzi MN, Perez JE, Antonucci TK, et al.: Cardiac and glyce-
mic benefits of troglitazone treatment in NIDDM. Diabetes 
1997, 46:433–439.

35. Minamikawa J, Tanaka S, Yamauchi M, et al.: Potent inhibitory 
effect of troglitazone on carotid arterial wall thickness in 
type 2 diabetes. J Clin Endocrinol Metab 1998, 83:1818–1820.

36. Azen SP, Peters RK, Berkowitz K, et al.: TRIPOD (Troglitazone 
In the Prevention Of Diabetes): a randomized, placebo-
controlled trial of troglitazone in women with prior gesta-
tional diabetes mellitus. Control Clin Trials 1998, 19:217–231.

37. Freeman DJ, Norrie J, Sattar N, et al.: Pravastatin and the 
development of diabetes mellitus: evidence for a protective 
treatment effect in the West of Scotland Coronary Prevention 
Study. Circulation 2001, 103:357–362.

38. Yusuf S, Gerstein H, Hoogwerf B, et al.: Ramipril and the devel-
opment of diabetes. JAMA 2001, 286:1882–1885.

39. de Vegt F, Dekker JM, Stehouwer CD, et al.: The 1997 American 
Diabetes Association criteria versus the 1985 World Health 
Organization criteria for the diagnosis of abnormal glucose 
tolerance: poor agreement in the Hoorn Study. Diabetes Care 
1998, 21:1686–1690.

40. Stern MP, Williams K, Haffner SM: Identification of persons at 
high risk for type 2 diabetes mellitus: do we need the oral 
glucose tolerance test? Ann Intern Med 2002, 136:575–581.

41.•• Ford ES, Giles WH, Dietz WH: Prevalence of the metabolic 
syndrome among US adults: findings from the third 
National Health and Nutrition Examination Survey. JAMA 
2002, 287:356–359.

Ford et al. provide the first description of the prevalence of the insulin 
resistance syndrome in the United States, based on the valuable 
NHANES III survey. This analysis includes subjects with diabetes and 
thus somewhat overestimates the prevalence of the syndrome in the 
United States during the early 1990s.
42. Mokdad AH, Serdula MK, Dietz WH, et al.: The spread of the 

obesity epidemic in the United States, 1991–1998. JAMA 
1999, 282:1519–1522.



Epidemiology of the Insulin Resistance Syndrome  •  Meigs 79
43. Hu FB, Manson JE, Stampfer MJ, et al.: Diet, lifestyle, and the 
risk of type 2 diabetes mellitus in women. N Engl J Med 2001, 
345:790–797.

44. Liese AD, Mayer-Davis EJ, Tyroler HA, et al.: Familial compo-
nents of the multiple metabolic syndrome: the ARIC study. 
Diabetologia 1997, 40:963–970.

45. Carmelli D, Cardon LR, Fabsitz R: Clustering of hypertension, 
diabetes, and obesity in adult male twins: same genes or 
same environments? Am J Hum Genet 1994, 55:566–573.

46. Edwards KL, Newman B, Mayer E, et al.: Heritability of factors 
of the insulin resistance syndrome in women twins. Genet 
Epidemiol 1997, 14:241–253.

47. Mitchell BD, Kammerer CM, Mahaney MC, et al.: Genetic 
analysis of the IRS. Pleiotropic effects of genes influencing 
insulin levels on lipoprotein and obesity measures. Arterio-
scler Thromb Vasc Biol 1996, 16:281–288.

48. Kissebah AH, Sonnenberg GE, Myklebust J, et al.: Quantitative 
trait loci on chromosomes 3 and 17 influence phenotypes of 
the metabolic syndrome. Proc Natl Acad Sci U S A 2000, 
97:14478–14483.

49. Arya R, Blangero J, Williams K, et al.: Factors of insulin 
resistance syndrome—related phenotypes are linked to 
genetic locations on chromosomes 6 and 7 in nondiabetic 
Mexican-Americans. Diabetes 2002, 51:841–847.

50. Pinkney JH, Stehouwer CD, Coppack SW, Yudkin JS: 
Endothelial dysfunction: cause of the insulin resistance 
syndrome. Diabetes 1997, 46(suppl 2):S9–S13.


	Epidemiology of the Insulin Resistance Syndrome
	Epidemiology of the Insulin Resistance Syndrome
	James
	James
	B.
	Meigs,
	MD, MPH

	Address
	Address
	General Medicine Division,
	General Medicine Division,
	Massachusetts General Hospital,
	50 Staniford Street, 9th Floor,
	Boston,
	MA
	02114,
	USA.
	E-mail: jmeigs@partners.org

	Current Diabetes Reports
	Current Diabetes Reports
	2003,
	3:
	73
	73


	Current Science Inc. ISSN 1534-4827
	Current Science Inc. ISSN 1534-4827

	Copyright © 2003 by Current Science Inc.

	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	The insulin resistance syndrome consists of the co-occurr�ence of metabolic risk factors for type...



	Introduction
	Introduction
	Diabetes mellitus and, in particular, type 2 diabetes, is extremely common. Diabetes affects over...
	Over the last quarter century, we have learned that type 2 diabetes and CVD arise over time from ...
	<TABLE>
	Table 1.� Definitions of the insulin resistance or metabolic syndrome by the WHO and NCEP ATP III...
	<TABLE HEADING>
	<TABLE ROW>
	WHO criteria
	NCEP ATP III criteria


	<TABLE BODY>
	<TABLE ROW>
	(IFG or IGT or diabetes) or insulin resistance plus two or
	Three or more of the following:

	<TABLE ROW>
	more of the following:
	Abdominal obesity: waist circumference > 88 cm (women) or

	<TABLE ROW>
	Waist:hip ratio > 0.85 (women) or > 0.9 (men) or body
	102 cm (men)

	<TABLE ROW>
	mass index > 30 kg/m2
	Triglycerides ³ 1.7 mmol

	<TABLE ROW>
	Triglycerides ³ 1.7 mmol or HDL cholesterol < 0.9 mmol
	HDL cholesterol < 1.16 mmol (women) or < 0.91 mmol (men)

	<TABLE ROW>
	(women) or < 1.0 mmol (men)
	Blood pressure ³ 130/85 mm Hg

	<TABLE ROW>
	Blood pressure ³ 140/90 mm Hg
	Fasting plasma glucose ³ 6.1 mmol

	<TABLE ROW>
	Microalbuminuria: urinary albumin excretion rate ³ 20 µg/min or albumin:creatinine ratio ³ 30 mg/g


	<TABLE FOOTING>
	<TABLE ROW>
	IFG: FPG 6.1 to 6.9 mmol and 2-hour post-oral glucose challenge plasma glucose < 7.8 mmol. IGT: F...




	Evidence for an Insulin Resistance Syndrome
	Evidence for an Insulin Resistance Syndrome
	Early population-based evidence supporting the existence of the insulin resistance syndrome inclu...
	A criticism of the insulin resistance syndrome hypothesis is that its constituent traits are very...
	Prospective outcomes data also support the validity of the insulin resistance syndrome hypothesis...
	<TABLE>
	Table 2.� Clinical assessment and management of insulin resistance syndrome traits
	<TABLE BODY>
	<TABLE ROW>
	Clinical assessment

	<TABLE ROW>
	Glucose tolerance status

	<TABLE ROW>
	Impaired fasting glucose
	Requires an overnight fast of at least 8 hours

	<TABLE ROW>
	Impaired glucose tolerance
	Requires an oral glucose tolerance test

	<TABLE ROW>
	Insulin resistance
	Not yet recommended in clinical practice; requires (at least) measurement of the fasting insulin ...

	<TABLE ROW>
	Body mass index
	Weight and height measured with the patient in light clothing

	<TABLE ROW>
	Waist circumference
	Abdomen measured with a tape at the level of the umbilicus

	<TABLE ROW>
	Waist:hip ratio
	Hip circumference measured at the level of the iliac crest

	<TABLE ROW>
	Triglycerides
	Requires an overnight fast of at least 8 hours

	<TABLE ROW>
	HDL cholesterol
	Can be performed on nonfasting blood samples

	<TABLE ROW>
	Blood pressure
	Most studies use the average of two measurements after the subject has been sitting for 5 minutes

	<TABLE ROW>
	Microalbuminuria
	Measured with a timed overnight urine collection or a spot morning urine collection

	<TABLE ROW>
	Clinical management

	<TABLE ROW>
	Weight loss and increased physical activity
	Demonstrated in controlled trials to prevent development of type 2 diabetes [29••,30,31]

	<TABLE ROW>
	Control of elevated blood pressure and lipids
	Demonstrated in controlled trials to prevent development of CVD [28•,32]

	<TABLE ROW>
	Insulin-sensitizing drugs

	<TABLE ROW>
	Metformin
	Suggested or demonstrated in controlled trials to prevent development of type 2 diabetes [29••] a...

	<TABLE ROW>
	Thiazolidinediones
	In the United States, rosiglitazone and pioglitazone; clinical trials show improved insulin sensi...

	<TABLE ROW>
	Other drug therapies

	<TABLE ROW>
	3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors ("statins")
	Demonstrated in controlled trials to prevent development of CVD; observational data suggest preve...

	<TABLE ROW>
	Angiotensin-converting enzyme inhibitors
	Demonstrated in controlled trials to prevent development of CVD; observational data suggest preve...


	<TABLE FOOTING>
	<TABLE ROW>
	CVD—cardiovascular disease; HDL—high-density lipoprotein.




	Definitions of the Insulin Resistance Syndrome
	Definitions of the Insulin Resistance Syndrome
	Despite growing evidence to support its existence, until recently, there has been no uniform defi...
	The WHO and NCEP ATP III definitions are similar in their focus on obesity, dyslipidemia, hypergl...
	The presence of these differences and other problems with proposed criteria for the insulin resis...

	Prevalence of the Insulin Resistance Syndrome
	Prevalence of the Insulin Resistance Syndrome
	The WHO criteria were proposed in 1998 and the NCEP ATP III criteria were proposed in 2001. To da...
	Overall, the prevalence of the syndrome by NCEP ATP III criteria is similar among men and women—a...

	Genetics of the Insulin Resistance Syndrome
	Genetics of the Insulin Resistance Syndrome
	Like many common chronic diseases, the insulin resistance syndrome is partly determined by modifi...

	Prevention and Treatment of the Insulin Resistance Syndrome
	Prevention and Treatment of the Insulin Resistance Syndrome
	If insulin resistance is the underlying cause of the insulin resistance syndrome, then interventi...
	Eligibility criteria for the DPP included age
	The DPP also demonstrated that treatment with the insulin-sensitizing drug metformin (850 mg twic...
	3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (or “statins”) and angiotensin-convert...
	Therapeutic lifestyle changes have broad benefits on health and can safely be recommended for mos...

	Conclusions
	Conclusions
	Over the last decade we have learned that type 2 diabetes and CVD share many risk factors in comm...
	Weight loss and increased physical activity are important treatments to reduce insulin resistance...

	References and Recommended Reading
	References and Recommended Reading
	Papers of particular interest, published recently, have been highlighted as:
	Papers of particular interest, published recently, have been highlighted as:
	• Of importance
	•• Of major importance

	1. Boyle
	1. Boyle
	1. Boyle
	JP,
	Honeycutt
	AA,
	Narayan
	KM,
	et al.:
	Projection of diabetes burden through 2050: impact of changing demography and disease prevalence ...
	Diabetes Care
	2001,
	24:
	1936–
	1940.


	2. Mokdad
	2. Mokdad
	2. Mokdad
	AH,
	Bowman
	BA,
	Ford
	ES,
	et al.:
	The continuing epidemics of obesity and diabetes in the United States.
	JAMA
	2001,
	286:
	1195–
	1200.


	3. Kannel
	3. Kannel
	3. Kannel
	WB,
	McGee
	DL:
	Diabetes and cardiovascular disease: the Framingham Study.
	JAMA
	1979,
	241:
	2035–
	2038.


	4.
	4.
	4.
	4. UK Prospective Diabetes Study (UKPDS) 17. A 9-year update of a randomized, controlled trial on...
	Ann Intern Med
	1996,
	124(1 pt 2):
	136–
	145.


	5.
	5.
	5.
	5. Quality of life in type 2 diabetic patients is affected by �complications but not by intensive...
	Diabetes Care
	1999,
	22:
	1125–
	1136.


	6. Harris
	6. Harris
	6. Harris
	MI:
	Ambulatory medical care for diabetes.
	Diabetes in America: Diabetes Data Compiled 1984. Publication 85–1468. Group NDD.
	Bethesda, MD:
	National Institutes of Health;
	1985:
	XXV.1–
	13.


	7.
	7.
	7.
	7. Economic consequences of diabetes mellitus in the U.S. in 1997. American Diabetes Association ...
	Diabetes Care
	1998,
	21:
	296–
	309.


	8. Reaven
	8. Reaven
	8. Reaven
	GM:
	Role of insulin resistance in human disease.
	Diabetes
	1988,
	37:
	1595–
	1607.


	9. Meigs
	9. Meigs
	9. Meigs
	JB:
	Invited commentary: insulin resistance syndrome? Syndrome X? Multiple metabolic syndrome? A syndr...
	Am J Epidemiol
	2000,
	152:
	908–
	911.


	10. Haffner
	10. Haffner
	10. Haffner
	SM,
	Stern
	MP,
	Hazuda
	HP,
	et al.:
	Cardiovascular risk factors in confirmed prediabetic individuals: does the clock for coronary hea...
	JAMA
	1990,
	263:
	2893–
	2898.


	11. Stern
	11. Stern
	11. Stern
	MP,
	Haffner
	SM:
	Body fat distribution and hyperinsulinemia as risk factors for diabetes and cardiovascular disease.
	Arteriosclerosis
	1986,
	6:
	123–
	130.


	12. • Haffner
	12. • Haffner
	12. • Haffner
	SM,
	Mykkanen
	L,
	Festa
	A,
	et al.:
	Insulin-resistant prediabetic subjects have more atherogenic risk factors than insulin sensitive ...
	Circulation
	2000,
	101:
	975–
	980.


	This is one of many important papers from the San Antonio Heart Study investigators documenting t...
	13. Salonen
	13. Salonen
	13. Salonen
	JT,
	Lakka
	TA,
	Laaka
	H-M,
	et al.:
	Hyperinsulinemia is associated with the incidence of hypertension and dyslipidemia in middle-aged...
	Diabetes
	1998,
	47:
	270–
	275.


	14. Yarnell
	14. Yarnell
	14. Yarnell
	JW,
	Patterson
	CC,
	Bainton
	D,
	Sweetnam
	PM:
	Is metabolic syndrome a discrete entity in the general population? Evidence from the Caerphilly a...
	Heart
	1998,
	79:
	248–
	252.


	15. Wilson
	15. Wilson
	15. Wilson
	PWF,
	Kannel
	WB,
	Silbershatz
	H,
	D'Agostino
	RB:
	Clustering of metabolic factors and coronary heart disease.
	Arch Intern Med
	1999,
	159:
	1104–
	1109.


	16. Schmidt
	16. Schmidt
	16. Schmidt
	MI,
	Watson
	RL,
	Duncan
	BB,
	et al.:
	Clustering of dyslipidemia, hyperuricemia, diabetes, and hypertension and its association with fa...
	Metabolism
	1996,
	45:
	699–
	706.


	17. Bonora
	17. Bonora
	17. Bonora
	E,
	Kiechl
	S,
	Willeit
	J,
	et al.:
	Prevalence of insulin resistance in metabolic disorders.
	Diabetes
	1998,
	47:
	1643–
	1649.


	18. Meigs
	18. Meigs
	18. Meigs
	JB,
	D'Agostino
	RB,
	Wilson
	PWF,
	et al.:
	Risk variable clustering in the insulin resistance syndrome: the Framingham Offspring Study.
	Diabetes
	1997,
	46:
	1594–
	1600.


	19. Lillioja
	19. Lillioja
	19. Lillioja
	S,
	Mott
	DM,
	Spraul
	M,
	et al.:
	Insulin resistance and insulin secretory dysfunction as precursors of non-insulin-dependent diabe...
	N Engl J Med
	1993,
	329:
	1988–
	1992.


	20. Despres
	20. Despres
	20. Despres
	J-P,
	Lamarche
	B,
	Mauriege
	P,
	et al.:
	Hyperinsulinemia as an independent risk factor for ischemic heart disease.
	N Engl J Med
	1996,
	334:
	952–
	957.


	21. Kekalainen
	21. Kekalainen
	21. Kekalainen
	P,
	Sarlund
	H,
	Pyorala
	K,
	Laakso
	M:
	Hyperinsulinemia cluster predicts the development of type 2 diabetes independent of a family hist...
	Diabetes Care
	1999,
	22:
	86–
	92.


	22. Lempiainen
	22. Lempiainen
	22. Lempiainen
	P,
	Mykkanen
	L,
	Pyorala
	K,
	et al.:
	Insulin resistance syndrome predicts coronary heart disease events in elderly nondiabetic men.
	Circulation
	1999,
	100:
	123–
	128.


	23. Pyorala
	23. Pyorala
	23. Pyorala
	M,
	Miettinen
	H,
	Halonen
	P,
	et al.:
	Insulin resistance syndrome predicts the risk of coronary heart disease and stroke in healthy mid...
	Arterioscler Thromb Vasc Biol
	2000,
	20:
	538–
	544.


	24. • Isomaa
	24. • Isomaa
	24. • Isomaa
	B,
	Almgren
	P,
	Tuomi
	T,
	et al.:
	Cardiovascular morbidity and mortality associated with the metabolic syndrome.
	�Diabetes Care
	2001,
	24:
	683–
	689.


	Data from a family diabetes study in Finland and Sweden provide �evidence that the insulin resist...
	25. Wilson
	25. Wilson
	25. Wilson
	PWF,
	D'Agostino
	RB,
	Parise
	H,
	Meigs
	JB:
	The metabolic syndrome as a precursor of cardiovascular disease and type 2 diabetes mellitus [abs...
	Diabetes
	2002,
	51(suppl 1):
	980–
	P.


	26. Balkau
	26. Balkau
	26. Balkau
	B,
	Charles
	MA:
	Comment on the provisional report from the WHO consultation. European Group for the Study of Insu...
	Diabet Med
	1999,
	16:
	442–
	443.


	27. Alberti
	27. Alberti
	27. Alberti
	KG,
	Zimmet
	PZ:
	Definition, diagnosis and classification of diabetes mellitus and its complications. Part 1: diag...
	Diabet Med
	1998,
	15:
	539–
	553.


	28. •
	28. •
	28. •
	28. • Executive Summary of The Third Report of The National Cholesterol Education Program (NCEP) ...
	JAMA
	2001,
	285:
	2486–
	2497.


	Provides the NCEP ATP III criteria for the “metabolic syndrome.” Also provides the evidence base ...
	29. •• Knowler
	29. •• Knowler
	29. •• Knowler
	WC,
	Barrett-Connor
	E,
	Fowler
	SE,
	et al.:
	Reduction in the incidence of type 2 diabetes with lifestyle intervention or metformin.
	N Engl J Med
	2002,
	346:
	393–
	403.


	The DPP firmly establishes that weight loss and increased physical activity prevent the developme...
	30. Tuomilehto
	30. Tuomilehto
	30. Tuomilehto
	J,
	Lindstrom
	J,
	Eriksson
	JG,
	et al.:
	Prevention of type 2 diabetes mellitus by changes in lifestyle among subjects with impaired gluco...
	N Engl J Med
	2001,
	344:
	1343–
	1350.


	31. Pan
	31. Pan
	31. Pan
	XR,
	Li
	GW,
	Hu
	YH,
	et al.:
	Effects of diet and exercise in preventing NIDDM in people with impaired glucose tolerance. The D...
	Diabetes Care
	1997,
	20:
	537–
	544.


	32.
	32.
	32.
	32. The sixth report of the Joint National Committee on prevention, detection, evaluation, and tr...
	Arch Intern Med
	1997,
	157:
	2413–
	2446.


	33.
	33.
	33.
	33. Effect of intensive blood-glucose control with metformin on complications in overweight patie...
	Lancet
	1998,
	352:
	854–
	865.


	34. Ghazzi
	34. Ghazzi
	34. Ghazzi
	MN,
	Perez
	JE,
	Antonucci
	TK,
	et al.:
	Cardiac and glycemic benefits of troglitazone treatment in NIDDM.
	Diabetes
	1997,
	46:
	433–
	439.


	35. Minamikawa
	35. Minamikawa
	35. Minamikawa
	J,
	Tanaka
	S,
	Yamauchi
	M,
	et al.:
	Potent inhibitory effect of troglitazone on carotid arterial wall thickness in type 2 diabetes.
	J Clin Endocrinol Metab
	1998,
	83:
	1818–
	1820.


	36. Azen
	36. Azen
	36. Azen
	SP,
	Peters
	RK,
	Berkowitz
	K,
	et al.:
	TRIPOD (Troglitazone In the Prevention Of Diabetes): a randomized, placebo- �controlled trial of ...
	Control Clin Trials
	1998,
	19:
	217–
	231.


	37. Freeman
	37. Freeman
	37. Freeman
	DJ,
	Norrie
	J,
	Sattar
	N,
	et al.:
	Pravastatin and the �development of diabetes mellitus: evidence for a protective treatment effect...
	Circulation
	2001,
	103:
	357–
	362.


	38. Yusuf
	38. Yusuf
	38. Yusuf
	S,
	Gerstein
	H,
	Hoogwerf
	B,
	et al.:
	Ramipril and the development of diabetes.
	JAMA
	2001,
	286:
	1882–
	1885.


	39. de Vegt
	39. de Vegt
	39. de Vegt
	F,
	Dekker
	JM,
	Stehouwer
	CD,
	et al.:
	The 1997 American Diabetes Association criteria versus the 1985 World Health Organization criteri...
	Diabetes Care
	1998,
	21:
	1686–
	1690.


	40. Stern
	40. Stern
	40. Stern
	MP,
	Williams
	K,
	Haffner
	SM:
	Identification of persons at high risk for type 2 diabetes mellitus: do we need the oral glucose ...
	Ann Intern Med
	2002,
	136:
	575–
	581.


	41. •• Ford
	41. •• Ford
	41. •• Ford
	ES,
	Giles
	WH,
	Dietz
	WH:
	Prevalence of the metabolic syndrome among US adults: findings from the third National Health and...
	JAMA
	2002,
	287:
	356–
	359.


	Ford
	42. Mokdad
	42. Mokdad
	42. Mokdad
	AH,
	Serdula
	MK,
	Dietz
	WH,
	et al.:
	The spread of the obesity epidemic in the United States, 1991–1998.
	JAMA
	1999,
	282:
	1519–
	1522.


	43. Hu
	43. Hu
	43. Hu
	FB,
	Manson
	JE,
	Stampfer
	MJ,
	et al.:
	Diet, lifestyle, and the risk of type 2 diabetes mellitus in women.
	N Engl J Med
	2001,
	345:
	790–
	797.


	44. Liese
	44. Liese
	44. Liese
	AD,
	Mayer-Davis
	EJ,
	Tyroler
	HA,
	et al.:
	Familial components of the multiple metabolic syndrome: the ARIC study.
	Diabetologia
	1997,
	40:
	963–
	970.


	45. Carmelli
	45. Carmelli
	45. Carmelli
	D,
	Cardon
	LR,
	Fabsitz
	R:
	Clustering of hypertension, diabetes, and obesity in adult male twins: same genes or same environ...
	Am J Hum Genet
	1994,
	55:
	566–
	573.


	46. Edwards
	46. Edwards
	46. Edwards
	KL,
	Newman
	B,
	Mayer
	E,
	et al.:
	Heritability of factors of the insulin resistance syndrome in women twins.
	Genet Epidemiol
	1997,
	14:
	241–
	253.


	47. Mitchell
	47. Mitchell
	47. Mitchell
	BD,
	Kammerer
	CM,
	Mahaney
	MC,
	et al.:
	Genetic �analysis of the IRS. Pleiotropic effects of genes influencing insulin levels on lipoprot...
	Arterioscler Thromb Vasc Biol
	1996,
	16:
	281–
	288.


	48. Kissebah
	48. Kissebah
	48. Kissebah
	AH,
	Sonnenberg
	GE,
	Myklebust
	J,
	et al.:
	Quantitative trait loci on chromosomes 3 and 17 influence phenotypes of the metabolic syndrome.
	Proc Natl Acad Sci U S A
	2000,
	97:
	14478–
	14483.


	49. Arya
	49. Arya
	49. Arya
	R,
	Blangero
	J,
	Williams
	K,
	et al.:
	Factors of insulin �resistance syndrome—related phenotypes are linked to genetic locations on chr...
	Diabetes
	2002,
	51:
	841–
	847.


	50. Pinkney
	50. Pinkney
	50. Pinkney
	JH,
	Stehouwer
	CD,
	Coppack
	SW,
	Yudkin
	JS:
	�Endothelial dysfunction: cause of the insulin resistance �syndrome.
	Diabetes
	1997,
	46(suppl 2):
	S9–
	S13.





