ACE Position Statement

INTRODUCTION

The clinical consequences of insulin resistance and
compensatory hyperinsulinemia, the Insulin Resistance
Syndrome, are increasingly appreciated as posing a major
public health problem. Currently recognized clinical man-
ifestations of the Insulin Resistance Syndrome include
atherosclerotic cardiovascular disease (CVD), hyperten-
sion, polycystic ovary syndrome (PCOS), and nonalco-
holic steatohepatitis, and the list continues to expand.
Despite the recognition of the importance of this syn-
drome, identifying individuals who have the Insulin
Resistance Syndrome is difficult, as there is no simple
clinically available test to diagnose it. Important contribu-
tions have been made by the National Cholesterol
Education Program (NCEP) Adult Treatment Panel III
(ATP III) in their publication of criteria for diagnosing the
“Metabolic Syndrome.” The explosion of research and
educational material on the “Metabolic Syndrome” attests
to the recognition of its importance by clinicians. The
American Association of Clinical Endocrinologists
(AACE) championed the creation of the new ICD-9 Code
277.7 for the “Dysmetabolic Syndrome” and, with other
groups, is leading efforts to enable clinicians to screen and
treat individuals at risk. For reasons outlined below, we
will use the term Insulin Resistance Syndrome to describe
the consequences of insulin resistance and compensatory
hyperinsulinemia, thereby focusing on the underlying
pathophysiology that unites the cluster of related abnor-
malities.

In the absence of a straightforward diagnostic test or
definitive clinical trials, identification and treatment of a
syndrome as complex as this one is require thoughtful
evaluation of the best available evidence and consensus
among researchers and clinicians. Our task force was
created by AACE and the American College of
Endocrinology (ACE) to work toward this consensus and
so to provide guidance to clinicians and the many others
involved in and affected by the Insulin Resistance
Syndrome. This is an area in rapid evolution, so progress
will consist of many small incremental steps, of which the
efforts of our task force are but one.

1. Differentiation between the Insulin Resistance
Syndrome and type 2 diabetes

Sensitivity to insulin-mediated glucose disposal
varies widely in the population at large (1). When insulin
resistant individuals cannot maintain the degree of hyper-
insulinemia needed to overcome the resistance, type 2 dia-
betes develops (Fig. 1). However, even when insulin resis-
tant individuals secrete enough insulin to remain nondia-
betic, they remain at increased risk to develop a cluster of
abnormalities that have been given many names, but
which we suggest is best described as the Insulin
Resistance Syndrome. The primary reason for selecting
this name is to focus explicitly on the central role of
insulin resistance with compensatory hyperinsulinemia in
the pathogenesis of the associated cluster of abnormalities.
Use of alternative labels such as “the metabolic
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syndrome” or the “dysmetabolic syndrome” relies on an
unclear definition of “metabolic”, and these terms are like-
ly to become even less appropriate as the abnormalities
associated with insulin resistance and compensatory
hyperinsulinemia continue to expand. Furthermore, use of
these labels usually leads to a descriptive compilation of
clinical findings that tend to cluster within an individual,
without implying any mechanistic explanation for why
this happens. In contrast, the Insulin Resistance Syndrome
offers a clear statement of the presumed pathogenesis of
the syndrome, is based on evidence that insulin resistance
and compensatory hyperinsulinemia significantly increase
the likelihood of an individual developing a cluster of
related abnormalities, and provides a broad umbrella
under which all of the abnormalities related to insulin
resistance with compensatory hyperinsulinemia can be
gathered.

As depicted in Fig. 1, some individuals with the
Insulin Resistance Syndrome will eventually develop dia-
betes because they lose the ability to secrete the large
amount of insulin needed to overcome the insulin resis-
tance (2). However, while the majority of insulin resistant
individuals do not become frankly diabetic, they remain at
increased risk (2) to develop CVD and all of the other clin-
ical consequences of insulin resistance/compensatory
hyperinsulinemia. Since CVD is also the major cause of
morbidity and mortality in patients with type 2 diabetes
(3), and because the vast majority of individuals with
CVD and/or type 2 diabetes are also insulin resistant (2),
it could be argued that the differentiation between the two
clinical syndromes outlined in Fig. 1 is inappropriate.
However, the diagnosis of type 2 diabetes is relatively
straightforward and based primarily upon the degree of
hyperglycemia that increases risk of diabetic microan-
giopathy (4). An approach to identifying those individuals
who do not have diabetes, but who do have the Insulin
Resistance Syndrome, is not so simple and is the primary
goal of this report. This decision is not meant to deny the
many similarities between the Insulin Resistance
Syndrome and type 2 diabetes, but only to develop a con-
struct that recognizes the clinical importance of insulin
resistance and compensatory hyperinsulinemia in the
absence of frank hyperglycemia.

A secondary goal is to outline briefly the therapeutic
approaches to prevent, or attenuate, the pathophysiologi-
cal consequences of the Insulin Resistance Syndrome.

2. What are the disease-related consequences of
insulin resistance/compensatory hyperinsulinemia
(the Insulin Resistance Syndrome)?

Insulin-mediated glucose disposal by muscle varies
approximately 10-fold in healthy, nondiabetic, normoten-
sive individuals (1). The more insulin resistant the muscle,
the more insulin needs to be secreted in order to maintain
normal glucose homeostasis. Table 1 presents a list of the
changes that are more likely to occur in insulin resistant
individuals who are able to maintain the degree of com-
pensatory hyperinsulinemia needed to prevent the onset of

type 2 diabetes. In addition to representing the abnormali-
ties generally accepted as belonging to the Insulin
Resistance Syndrome, the changes listed in Table I have
also been shown to increase the likelihood of an individ-
ual developing type 2 diabetes and/or CVD (5-26). It
should be noted that the conditions associated with insulin
resistance/compensatory hyperinsulinemia continue to
expand, and there is increasing evidence that nonalcoholic
steatohepatitis (NASH), and perhaps even several forms of
cancer, are more likely to occur in individuals with the
Insulin Resistance Syndrome (27,28).

Not all insulin resistant/hyperinsulinemic individuals
will develop the entire cluster of abnormalities that cur-
rently make up the Insulin Resistance Syndrome (Table 1).
At the simplest level, the number of manifestations present
in an insulin resistant individual will vary with the criteria
used to separate normal from abnormal. In addition, nei-
ther insulin resistance nor the plasma insulin concentration
is the sole regulator of the abnormalities listed in Table 1.
For example, two individuals can be equally insulin resis-
tant or hyperinsulinemic, with a comparable increase in
hepatic triglyceride (TG) secretion, but differ in terms of
their ability to remove TG-rich lipoproteins from plasma.
As a consequence, one subject will have a TG concentra-
tion of 140 mg/dL, while the other will have a concentra-
tion of 180 mg/dL.

The situation is even more complicated in the case of
essential hypertension. Even though insulin resistance/
hyperinsulinemia is likely to be responsible for increased
blood pressure in no more than 50% of patients with
essential hypertension (17), the fact remains that the ele-
vation of blood pressure in a substantial proportion of
patients with essential hypertension is one of the manifes-
tations of the Insulin Resistance Syndrome.

Insulin resistance is not a disease in and of itself, but
rather a physiological abnormality that increases the risk
of developing one or more of the abnormalities listed in
Table 1. Not all insulin resistant individuals develop these
abnormalities, nor is their appearance confined to insulin
resistant individuals. On the other hand, the presence of
any one of them indicates that the individual may be
insulin resistant and increases the possibility that the other
abnormalities will be present. The more insulin resistant
an individual, and the greater the degree of compensatory
hyperinsulinemia, the more likely the person to have the
Insulin Resistance Syndrome. However, in order to
emphasize that the abnormalities listed in Table 1 can also
occur independently of insulin resistance and compensato-
ry hyperinsulinemia, they are listed separately.

In the remainder of this section we will explore the
relationships between insulin resistance/hyperinsulinemia
and currently recognized components of the Insulin
Resistance Syndrome listed in Table 1.

1) Glucose tolerance—The majority of persons with
the Insulin Resistance Syndrome will have a
“normal” fasting plasma glucose (FPG) concen-
tration (<110 mg/dL). However, the likelihood
that insulin resistance is present is increased in
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2)

3)

Table 1
Components of the Insulin Resistance Syndrome

Some degree of glucose intolerance

e Impaired fasting glucose

e Impaired glucose tolerance

Abnormal uric acid metabolism

* Plasma uric acid concentration

e Renal uric acid clearance

Dyslipidemia

e Triglycerides

e HDL-C

e LDL-particle diameter (small, dense LDL-particles)
 Postprandial accumulation of TG-rich lipoproteins

. Hemodynamic changes

* Sympathetic nervous system activity
* Renal sodium retention

* Blood pressure (~50% of patients with hypertension are insulin resistant)

Prothrombotic factors

e Plasminogen activator inhibitor-1

* Fibrinogen

Markers of inflammation

e C-reactive protein, WBC, etc.

Endothelial dysfunction

e Mononuclear cell adhesion

¢ Plasma concentration of cellular adhesion molecules
* Plasma concentration of asymmetric dimethylarginine
* Endothelial-dependent vasodilatation

individuals with either “impaired fasting glu-
cose” (FPG concentration >110 and <126 mg/dL)
or “impaired glucose tolerance” (FPG concentra-
tion <126 mg/dL, and a plasma glucose concen-
tration >140 and <200 mg/dL 120 min after a
75-g oral glucose challenge). Procedures for per-
forming and interpreting oral glucose challenges
have been published (18).

Uric acid metabolism —Plasma uric acid concen-
trations are higher in insulin resistant individuals,
associated with a decrease in the renal clearance
of uric acid, which almost certainly account for
the results of population-based studies demon-
strating an association between CVD and plasma
uric acid concentration. However, plasma uric
acid concentration is not a very sensitive predic-
tor of insulin resistance. Thus, an elevated plasma
uric acid concentration increases the likelihood
that an individual is insulin resistant, but a normal
concentration does not mean that an individual is
insulin sensitive.

Dyslipidemia— A high plasma TG and low plas-
ma concentration of high-density lipoprotein cho-

4)

lesterol (HDL-C) concentration are common
findings in insulin resistant/hyperinsulinemic
persons. This characteristic dyslipidemia is
accompanied by a smaller and denser low-densi-
ty lipoprotein (LDL) particle and an increase in
the postprandial accumulation of TG-rich rem-
nant lipoproteins. These 4 changes result in a
highly atherogenic lipoprotein profile that is the
most well-established mechanistic link between
the Insulin Resistance Syndrome and CVD, and
one that must be aggressively treated.
Hemodynamic—The increase in sympathetic
nervous system activity and renal sodium reten-
tion seen in the Insulin Resistance Syndrome pro-
vide causal links that help explain why approxi-
mately 50% of patients with essential hyperten-
sion are insulin resistant/hyperinsulinemic. The
insulin resistant/hyperinsulinemic subset of
patients with essential hypertension also often
share the characteristic dyslipidemia of the
Insulin Resistance Syndrome, and it is these
individuals who have the greatest CVD risk
(19,29).
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5) Hemostasis and 6) Inflammation—Plasma con-
centrations of plasminogen activator inhibitor-1
are frequently increased in insulin resistant/
hyperinsulinemic individuals. The presence of
increased fibrinogen levels has been a less con-
sistent finding and may be more likely a manifes-
tation of an acute-phase reaction associated with
inflammation of the vascular wall in patients with
the Insulin Resistance Syndrome. In this context,
there is evidence that other markers of inflamma-
tion are present in the Insulin Resistance
Syndrome, e.g. C-reactive protein and higher
white blood cell counts. Whether these latter
changes are simply an epiphenomenon, increased
because of the enhanced atherogenesis in insulin
resistant individuals, or play a causal role in the
development of CVD, remains to be determined.

7) Endothelial dysfunction—Mononuclear cells iso-
lated from insulin resistant/hyperinsulinemic
individuals bind with greater adherence to cul-
tured endothelium, associated with increases in
plasma concentrations of cellular adhesion mole-
cules and asymmetric dimethylarginine (an
endogenous inhibitor of nitric oxide synthase).
Functionally, endothelium-dependent vasodilata-
tion is decreased in insulin resistant/hyperinsu-
linemic individuals.

3. Identification of individuals at risk for the Insulin
Resistance Syndrome

The prevalence of insulin resistance is increased in
nondiabetic individuals with diagnosed CVD, essential
hypertension, or acanthosis nigricans as shown in Table 2.
Women with PCOS (26), or a history of gestational dia-
betes (30), are likely to be insulin resistant, and at
increased risk to develop one or more of the clinical
components of the Insulin Resistance Syndrome. Insulin
resistance has been shown to be a familial characteristic
(31-33), and a family history of type 2 diabetes, hyperten-
sion, or CVD increases the likelihood of an individual
being insulin resistant. In contrast to the CVD risk associ-
ated with a high LDL-C concentration, there is no
evidence that the earlier the history of CVD in the family,
the more likely the individual is to be insulin resistant/

hyperinsulinemic. Finally, a prior diagnosis of glucose
intolerance suggests that insulin resistance may be present.

Ethnicity is also a powerful predictor of insulin resis-
tance/hyperinsulinemia (34), and manifestations of the
Insulin Resistance Syndrome are increased in essentially
every group of non-Caucasian ancestry in which compar-
isons have been made. Furthermore, these differences per-
sist when adjustments are made for the impact of lifestyle
variables known to lead to insulin resistance.

The most powerful modulators of insulin action are
differences in degree of obesity and physical activity, and
there is evidence in both Pima Indians and Caucasians that
approximately 50% of the variability in insulin-mediated
glucose disposal can be attributed to variations in degree
of obesity and physical fitness (35). The two variables
were approximately equally powerful, and it is quite like-
ly that at least a portion of the untoward effect of obesity
on insulin resistance is due to the fact that overweight
individuals are often physically inactive. Degree of physi-
cal fitness is not routinely quantified, but body weight is.
We suggest that body mass index (BMI, weight in
kg/height in meters squared) be used as the criterion for
defining a person as being overweight/obese, and that a
BMI >25.0 kg/m? identifies individuals at increased risk
to have the Insulin Resistance Syndrome. It is recognized
that using a BMI value of 25 or more to identify individu-
als at increased risk to have the Insulin Resistance
Syndrome may be too high for ethnic groups in whom the
prevalence of insulin resistance/hyperinsulinemia is more
common. On the other hand, inclusion of ethnicity as a
risk factor minimizes the lack of definitive ethnic-specific
data concerning the relationship between adiposity and
insulin resistance.

Age, per se, has relatively little effect on insulin resis-
tance (35), but body weight tends to increase, and physical
activity decrease, as persons get older. Thus, although
somewhat arbitrary, it seems reasonable to evaluate all
individuals >40 years of age for manifestations of the
Insulin Resistance Syndrome. On the other hand, it must
be emphasized that manifestations of the Insulin
Resistance Syndrome can occur at any age.

Finally, it should be emphasized that obesity and
physical inactivity are variables that not only significantly
increase the likelihood of an individual being insulin
resistant, but also represent predictors of the Insulin

Table 2
Factors That Increase the Likelihood of the Insulin Resistance Syndrome

* Diagnosis of CVD, hypertension, PCOS, NAFLD, or acanthosis nigricans
e Family history of type 2 diabetes, hypertension, or CVD

» History of gestational diabetes or glucose intolerance
* Non-Caucasian ethnicity
e Sedentary lifestyle

e BMI >25.0 kg/m? (or waist circumference >40 inches in men, >35 inches in women)

* Age >40 years
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Resistance Syndrome that can be modified by changes in
lifestyle. The importance of weight loss and increased
physical activity in treatment of the insulin resistance syn-
drome will be discussed subsequently.

4. Obesity and the Insulin Resistance Syndrome

The relationship between obesity and the Insulin
Resistance Syndrome outlined in this document differs in
two respects from many other published considerations of
this topic. In the first place, descriptions of the Insulin
Resistance Syndrome often include obesity, usually
abdominal obesity, as one of the features of the syndrome,
rather than as a lifestyle factor that, because of its adverse
effect on insulin-mediated glucose disposal, increases the
risk of the Insulin Resistance Syndrome. The decision to
view obesity in this latter manner was based upon the fol-
lowing considerations. Obesity is not a consequence of
insulin resistance/hyperinsulinemia, but a physiological
variable that decreases insulin-mediated glucose disposal.
Furthermore, not all insulin resistant individuals are over-
weight/obese, nor are all overweight/obese individuals
insulin resistant. For clarity of the physiological construct
of the Insulin Resistance Syndrome, it is important that
obesity be viewed as contributing to the insulin resis-
tance/hyperinsulinemia, rather than being a consequence
of the abnormal insulin metabolism. This view of the rela-
tionship between obesity and insulin resistance/hyperinsu-
linemia should not be construed as minimizing the impor-
tant role that the current epidemic of obesity plays in
increasing the incidence of both type 2 diabetes and the
Insulin Resistance Syndrome.

Secondly, it is proposed that BMI, rather than abdom-
inal circumference, be used to identify individuals at
increased risk to have the Insulin Resistance Syndrome.
This decision was based on the following considerations.
Height and weight are simple and routine measurements
that are easily quantified, in contrast to estimates of
abdominal circumference, which are neither routinely per-
formed nor is its quantification as well standardized. In
addition, BMI has been widely used to define obesity
status in the U.S. and Europe, and the classification of nor-
mal weight, overweight, and obesity is based on use of
BMLI, as are current guidelines for the appropriate use of
pharmacological treatment of obesity. Furthermore, avail-
able evidence does not demonstrate that measurements of
abdominal circumference provide a superior estimate of
insulin resistance than does BMI. For example, the rela-
tionship between insulin-mediated glucose disposal as
measured by the euglycemic clamp technique and obesity
based on the results of >1100 subjects studied by the
European Group for the Study of Insulin Resistance was
not increased when abdominal circumference replaced
BMI as the marker of obesity (36). Additional support for
this decision came from the observation that the relation-
ship between obesity and plasma glucose and insulin con-
centrations, before and 120 min after a standard oral glu-
cose load, were identical when either BMI or abdominal

circumference was used as the estimate of obesity in the
3300 individuals in the NHANES III database in whom
these measurements were made (37). Finally, BMI and
abdominal circumference were closely related, with corre-
lation coefficients of approximately r=0.9 in the 15,271
participants in the NHANES III study, irrespective of gen-
der or ethnicity. For all of these reasons, it has been sug-
gested that BMI be used as the marker to identify individ-
uals that should be evaluated for the Insulin Resistance
Syndrome. On the other hand, there would not be a great
deal to lose if an increase in abdominal circumference
(>40 inches for men and >35 inches for women) was used
instead of (or in addition to) BMI as a way to identify indi-
viduals at increased risk to have the Insulin Resistance
Syndrome.

5. “Diagnosing” the Insulin Resistance Syndrome

Recognition of the importance of insulin resistance/
hyperinsulinemia as increasing risk of CVD has led to the
publication of criteria for diagnosing what was referred to
as the “Metabolic Syndrome (38)” and the creation of an
ICD-9 code 277.7 for the “Dysmetabolic Syndrome X.”
Unfortunately, the experimental evidence available does
not exist that can be translated into simple criteria for diag-
nosing the Insulin Resistance Syndrome. The Insulin
Resistance Syndrome is not a specific disease, any more
than insulin resistance is, but rather a group of abnormali-
ties that tend to cluster together, occur with greater preva-
lence in insulin resistant/hyperinsulinemic persons, and
identify individuals at increased risk to develop type 2 dia-
betes and CVD. Consequently, it seems useful to provide
the means, using the relatively simple tests described in
the next section, to identify individuals who are likely to
be insulin resistant/hyperinsulinemic because they display
at least one of the components of the Insulin Resistance
Syndrome as summarized in Table 1. The more the num-
ber of components an individual has, and the more severe
the magnitude of the abnormality, the more likely that
individual is to have the Insulin Resistance Syndrome, and
also to be at increased risk to develop type 2 diabetes
and/or CVD.

6. Criteria for predicting the Insulin Resistance
Syndrome

The abnormalities listed in Table 3 are increased in
prevalence in insulin resistant/hyperinsulinemic individu-
als and predict the development of type 2 diabetes and/or
CVD. However, the relationship is far from perfect, and
each of these changes can occur independently of insulin
resistance. Furthermore, the actual numerical values are, at
best, approximations. For example, defining a plasma TG
concentration >150 mg/dL as evidence of the Insulin
Resistance Syndrome may be reasonable, but there is no
evidence that using a TG concentration of 175 mg/dL as a
cut point would be any less useful. In the absence of
rigorous criteria, we propose, for the sake of consistency
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Table 3
Identifying Abnormalities of the Insulin Resistance Syndrome

1. Triglycerides

2. HDL cholesterol
Men
Women

3. Blood pressure
4. Glucose

Fasting
120 min post-glucose challenge

>150 mg/dL

< 40 mg/dL
< 50 mg/dL
>130/85 mm Hg

110-125 mg/dL
140-200 mg/dL

and in recognition of the important contribution made by
the National Cholesterol Education Program, to use the
values suggested by the Adult Treatment Panel III (ATP
IIT) for identifying the dyslipidemic and blood pressure
characteristics of the Insulin Resistance Syndrome (38).
However, the plasma glucose concentration criterion has
been modified to focus on the response to a 75-g oral glu-
cose challenge, with a plasma glucose concentration 120
min after the glucose load >140 mg/dL (and < 200 mg/dL)
replacing a fasting plasma glucose concentration of >110
mg/dL. It should be emphasized again that the Insulin
Resistance Syndrome, as defined, excludes patients whose
degrees of hyperglycemia fulfills the diagnostic criteria
for type 2 diabetes.

The decision to use a post-glucose challenge mea-
surement to identify insulin resistant individuals is not in
conflict with the recommendation of the American
Diabetes Association that determination of FPG be used to
diagnose diabetes (18). The use of FPG to identify patients
with type 2 diabetes is an effort to provide a practical
approach to identify individuals who are sufficiently
hyperglycemic to be at risk for the microvascular compli-
cations of diabetes. If the focus is shifted to provide a more
sensitive screen to identify individuals at increased risk to
have the Insulin Resistance Syndrome, and develop CVD,
there is evidence showing the superiority of determining
the post-oral glucose challenge plasma glucose concentra-
tion in contrast to the fasting plasma glucose concentration
(39). In support of this proposition are the results of the
analysis of 3280 individuals in the NHANES III database,
aged 40-74 years, without self-reported diabetes or a fast-
ing plasma glucose concentration >126 mg/dL, in whom
there were values for plasma glucose concentrations
before and 120 min after a 75-g oral glucose challenge. In
this population, approximately 10% had fasting glucose
concentrations 110-126 mg/dL, whereas about 25% had a
glucose concentration >140 and <200 mg/dL 120 min
after a 75-g oral glucose challenge (37).

The results in Table 4 provide additional evidence of
the clinical utility of using post-glucose plasma glucose

concentrations to differentiate insulin resistant from
insulin sensitive individuals. This information is based on
analysis of the results in a large population of apparently
healthy, nondiabetic individuals, in whom specific mea-
surements of insulin action were available (1,40).
Measurements of insulin-mediated glucose disposal in
these 490 individuals demonstrated that this variable was
distributed continuously throughout the population, mak-
ing it impossible to create rigid criteria for identifying an
individual as being either insulin resistant or insulin sensi-
tive. However, there are prospective data available
demonstrating that in a population without obvious dis-
ease at baseline that CVD and type 2 diabetes developed
to a significant degree in the most insulin resistant tertile,
and did not occur in the most insulin sensitive tertile
(41,42). Thus, for the analysis in Table 4, we divided the
490 volunteers in whom specific measurements of insulin
action were available into tertiles, and calculated the abil-
ity of several plasma glucose concentrations to identify
individuals as being in the third of the population that was
either the most insulin sensitive or the most insulin resis-
tant. The fasting plasma glucose criterion recommended
by the ATP III (FPG >110 and <126 mg/dL) identified
only 30 individuals, 19 of whom were in the insulin resis-
tant tertile. In contrast, 71 individuals had an elevated
plasma glucose concentration two hours after a glucose
challenge, and 54 of them were in the insulin resistant
tertile. Thus, there was an approximate 3-fold increase in
identifying insulin resistant individuals by determining the
plasma glucose concentration 2 hours after a standard oral
glucose challenge. Table 4 also indicates that lower fasting
plasma glucose concentrations are even less helpful than
the cut point suggested by the ATP III in distinguishing
between insulin resistant and insulin sensitive individuals.

Based upon the NHANES results discussed above,
and the data in Table 4, it appears that the extra effort
involved in measuring plasma glucose concentration 120
min after oral glucose results in a more sensitive means of
identifying individuals at risk to have the Insulin
Resistance Syndrome. Alternatively, measurement of
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Table 4
Number of 490 Nondiabetic Volunteers Identified as Being Insulin Resistant or
Insulin Sensitive on the Basis of Plasma Glucose Measurements

Variable Total number Insulin sensitive Insulin resistant
FPG >90 mg/dL 277 63 112
FPG >100 mg/dL 100 14 61
FPG >110<126 mg/dL 30 19
2 hr >140 mg/dL 71 4 54

plasma glucose concentration 120 min after the oral glu-
cose challenge could be limited to those individuals who
had a fasting plasma glucose concentration <110 mg/dL.

It is tempting to use the criteria outlined in Table 3 as
the basis for making a diagnosis of the Insulin Resistance
Syndrome, but the goal of this exercise is not to provide a
rigid recipe for classifying an individual as being insulin
resistant or insulin sensitive. Indeed, it could be argued
that such an effort at the present time would do more harm
than good. Rather, the goal has been to emphasize the fact
that defects in insulin-mediated glucose disposal, and the
manner in which the body responds to this abnormality,
greatly increase the risk of an individual developing a vari-
ety of adverse outcomes. Having said that, it also seems
reasonable to suggest that an individual at increased risk to
have the Insulin Resistance Syndrome as outlined in Table
2, and with values that exceed the cut points for 2 of the 4
variables listed in Table 3, is both insulin resistant and at
increased CVD risk. That conclusion is not meant to imply
that an individual with only one of the abnormalities list-
ed in Table 3 is insulin sensitive and not at risk to develop
CVD. Indeed, there are outcome studies indicating that all
of the variables in Table 3 have been identified as increas-
ing CVD risk. Furthermore, it must be emphasized that the
cut points in Table 3 are arbitrary, selected to be highly
sensitive to the presence of insulin resistance, and repre-
sent an effort to avoid the false-negative identification of
an individual as being insulin sensitive. Consequently, it
seems prudent that appropriate lifestyle and/or pharmaco-
logical interventions be initiated in individuals identified
in Table 2 to be at high risk for the Insulin Resistance
Syndrome and whose values exceed any one of the cut
points outlined in Table 3.

7. Plasma insulin concentrations and the Insulin
Resistance Syndrome

Since hyperinsulinemia plays such a central role in
the pathogenesis of the Insulin Resistance Syndrome, why
is measurement of plasma insulin concentration not
included as one of the approaches to identifying insulin
resistant individuals? Plasma insulin concentrations are a
useful surrogate marker of insulin resistance, with highly
statistically significant correlations between measures of
insulin-mediated glucose disposal and both fasting

(r=~0.6) and post-glucose challenge (r=~0.8) plasma
insulin concentrations (1). However, they have not been
suggested as a means of identifying the Insulin Resistance
Syndrome for the following reasons. Methods to quantify
plasma insulin concentrations are not standardized, and it
is difficult to compare values measured in different
clinical laboratories. The lack of standardized methodolo-
gy is particularly important when evaluating fasting
plasma insulin concentrations, where the absolute differ-
ence between an insulin resistant and insulin sensitive per-
son is not very great. Furthermore, there are not reliable
data permitting an individual to be defined as being insulin
resistant, and at increased risk of developing any of the
components of the Insulin Resistance Syndrome, on the
basis of a specific value of plasma insulin concentration
alone. Finally, it has not been established that an increase
in plasma insulin concentration, by itself, in the absence of
any of the changes listed in Table 3, can predict the devel-
opment of CVD. Although this situation could change in
the future as the result of more standardized methods to
measure insulin concentrations, and with population-
based studies showing that hyperinsulinemia predicts
either type 2 diabetes or CVD more accurately than the
components listed in Table 3, it currently seems necessary
to consider measurement of plasma insulin concentrations
a research, not a clinical, tool.

8. Evaluation of the criteria in Table 3

In order to evaluate the potential utility of the criteria
outlined in Table 3 in an objective manner, the prevalence
of these 4 abnormalities in the 40-74 year-old age group in
the NHANES III database was determined (37). The
results of this analysis appear in Table 5, and emphasize
how often the four individual components of the Insulin
Resistance Syndrome listed in Table 3 appear in the U.S.
population. Although hypertension was somewhat more
common than the other 3 abnormalities, the prevalence of
all 4 was reasonably similar. Indeed, the least common
abnormality, an elevated post-glucose challenge plasma
glucose concentration, was present in approximately 1/4
of the individuals surveyed.

To further pursue this issue, the number of abnormal-
ities present in the 40-74 year-old age group as a whole
was determined, as well as when they were divided as a
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Table 5
Prevalence of the 4 Abnormalities of the Insulin Resistance Syndrome in NHANES IIT*

Variable Prevalence (%)
TG> 150 mg/dL 35
Low HDL-C 36
Hypertension 44
120 min glucose >140 mg/dL 26

*The population includes 3280 individuals, aged 40-74, without diabetes by history or a fasting plasma

glucose concentration >126 mg/dL.

function of BMI. The results of this analysis are seen in
Table 6, and demonstrate that being classified as of normal
weight (BMI<25.0 kg/m?2) did not protect 26% of the
population from having 2 of the 4 abnormalities of the
Insulin Resistance Syndrome. These data also demonstrate
that the prevalence of the 4 abnormalities increases in par-
allel with BMI, with 62% of the individuals with BMI
>30.0 kg/m?2 having 2 abnormalities, and 3 components
being present in 30% of this subgroup.

Table 7 presents the prevalence of the individual
abnormalities by themselves, and their appearance in
combination with the other 3 abnormalities. It can be seen
from these data that all theoretical combinations occur to
some extent, although some more often than others.
Whether or not some of these will be more useful than
others in predicting clinical outcome is an issue worth
pursuing.

9. Clinical utility of recognizing the Insulin
Resistance Syndrome

The purpose of this position paper is, in part, to
acquaint heath-care professionals with the major role that
the Insulin Resistance Syndrome plays in what are often
referred to as “diseases of Western civilization.” Although
the prevalence of these diseases is increasing in associa-

tion with the epidemic of obesity in developed countries,
it is also clear that the incidence is not lagging that far
behind as the benefits of a “Westernized” lifestyle reach
previously undeveloped areas. The information in Tables
1-3 is presented to increase understanding of the role of
insulin resistance/hyperinsulinemia in the etiology and
pathogenesis of the manifestations currently associated
with the components of the Insulin Resistance Syndrome,
as well as a relatively simple approach to identify persons
with the Insulin Resistance Syndrome. This information
should not serve as the sole means to “rule out” the Insulin
Resistance Syndrome. Indeed, at this time, that “either/or”
decision has the potential to do more harm than good.
However, the information presented provides evidence-
based criteria to identify individuals most likely to have
the Insulin Resistance Syndrome, and those so identified
can then be considered for the most appropriate therapeu-
tic intervention. As described above, our purpose is to pro-
vide information that is both simple, so it will be used, and
sensitive, so that individuals at risk can be confidently
screened.

10. Treatment of the Insulin Resistance Syndrome

A discussion of treatment considerations for patients
with the Insulin Resistance Syndrome must begin by

Table 6
Age-Adjusted Prevalence of the 4 Abnormalities of the Insulin Resistance Syndrome as a Function of BMI*
Abnormalities
1 2 3 4
Total population (n=3280) 71% 42% 17% 4.5%
BMI
<25 kg/m? (n=1113) 59% 26% 8% 1.3%
25-27 kg/m?2 (n=560) 70 % 39% 15% 4.7%
27-30 kg/m?2 (n=690) 78% 51% 21% 4.9%
>30 kg/m? (n=917) 86% 62% 30% 9.1%

*The population includes 3280 individuals, aged 40-74, without diabetes by history or a fasting plasma glucose

concentration >126 mg/dL.
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differentiating between efforts focused on improving
insulin sensitivity itself and those aimed at treatment of
any of the specific manifestations of the insulin resistant
syndrome.

A. Efforts to improve insulin sensitivity

1) Lifestyle—As discussed previously, both adipos-
ity and level of physical activity are powerful
modulators of insulin-mediated glucose disposal.
More importantly, in contrast to the other factors
that affect insulin action, they are modifiable by
safe, straightforward lifestyle changes. Thus,
weight loss of 5-10% of body weight in over-
weight/obese individuals, who are also insulin
resistant, will significantly enhance insulin sensi-
tivity, lower ambient plasma insulin concentra-
tions, and improve the manifestations of the
Insulin Resistance Syndrome (43).

An increase in physical activity in insulin resistant
individuals is also of considerable utility, and provides
two benefits. At the simplest level, any increase in energy
expenditure will help insulin resistant individuals maintain
or lose weight. The greater the magnitude of the increase
in energy expenditure, the greater will be the benefit to the
individual. It is also possible to enhance insulin sensitivi-
ty directly if an individual is able to exercise aerobically
for approximately 30-40 min, 4 times/week.

Perhaps the most dramatic evidence of the beneficial
effects of lifestyle intervention is the evidence from recent
prospective intervention studies showing that the combi-
nation of weight loss and increased physical activity can
significantly decrease the development of type 2 diabetes
in high-risk individuals (44 ,45).

Before ending the discussion of the clinical benefits
of weight loss, three additional points must be empha-
sized: 1) Not all overweight/obese individuals are insulin
resistant, or have manifestations of the Insulin Resistance
Syndrome, and weight loss does not lead to significant
enhancement of insulin sensitivity in these individuals
(43).2) There is no persuasive evidence that obese, insulin
resistant individuals have any more difficulty in losing
weight in response to energy-restricted diets than do
equally overweight persons who are not insulin resistant
(43). 3) It does not appear that the ability to lose weight in
response to energy-restricted diets varies as a function of
the macronutrient composition of the diet (46).

2) Pharmacological —Given the difficulty in chang-
ing lifestyle, and the probable limits of its effica-
cy in many individuals, it could be argued that
treatment of the Insulin Resistance Syndrome
would be a drug(s) that could significantly
enhance insulin sensitivity, as well as the other
manifestations of the Insulin Resistance
Syndrome. In this context, the use of thiazo-
lidinedione (TZD) compounds, either agents cur-
rently available or future ones, is of particular

interest in that they are capable of improving
insulin sensitivity. However, TZD compounds
are currently approved by the FDA for the treat-
ment of hyperglycemia only in patients with type
2 diabetes, and at the present time there are no
compelling experimental data that establish their
clinical utility in nondiabetic individuals with the
Insulin Resistance Syndrome. The potential
benefits of this class of drugs are being intensive-
ly evaluated at this time, and it is highly likely
that a clearer view of their role in treatment of the
Insulin Resistance Syndrome will soon be
apparent.

Although metformin does not seem to act by directly
improving insulin sensitivity, it may also offer potential
benefit for treatment of the Insulin Resistance Syndrome.
It has been used worldwide for the treatment of type 2 dia-
betes, has an outstanding safety record, and has been
shown to be effective in treatment of PCOS (47). In
addition, although not as effective as weight loss and
increased physical activity, metformin also decreased pro-
gression to type 2 diabetes in patients with impaired glu-
cose tolerance (45). Finally, there is evidence that met-
formin administration can lower circulating insulin levels
and improve glucose and lipid metabolism in patients with
characteristics of the Insulin Resistance Syndrome (48).

Given the importance that obesity plays in the devel-
opment of insulin resistance in susceptible individuals,
pharmacological treatment of obesity may play an impor-
tant role in the management of overweight individuals
with the Insulin Resistance Syndrome. If overweight/
obese patients with the Insulin Resistance Syndrome
cannot lose weight with simple caloric restriction, both
orlistat and sibutramine have been shown to be more
effective than diet alone in the treatment of obesity.
Furthermore, administration of both drugs to appropriate-
ly selected individuals has been shown to result in attenu-
ation of the manifestations of the Insulin Resistance
Syndrome (43 ,49).

B. Efforts to treat the manifestation of the Insulin
Resistance Syndrome

1) Lifestyle— Although macronutrient composition

of the diet, by itself, has little or no direct effect

on insulin-mediated glucose disposal, a variety of

studies have shown that it certainly can impact on

the manifestations of the Insulin Resistance

Syndrome in the absence of weight loss (50). In

this context, some general principles should be

kept in mind when treating insulin resistant

persons with manifestations of the Insulin

Resistance Syndrome. Of greatest importance is

the avoidance of low fat-high carbohydrate diets

unless weight loss is also occurring. The more

insulin resistant an individual is, the more insulin

they must secrete in order to maintain normal glu-

cose homeostasis. As a consequence, in the
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absence of weight loss, manifestations of the
Insulin Resistance Syndrome will be accentuated
when insulin resistant persons increase the
amount of carbohydrate in their diet (50). A sim-
ple alternative, and one consistent with efforts to
minimize the intake of saturated fat, would be to
replace saturated fat with unsaturated fat, rather
than with carbohydrate, thus maintaining a mod-
erate carbohydrate intake. Parenthetically, this
dietary manipulation is as effective as low fat-
high carbohydrate diets in lowering LDL-C con-
centrations (51,52). Although this general
approach will have the greatest benefit in mini-
mizing the untoward manifestations of the Insulin
Resistance Syndrome, additional benefit may be
gained by increasing intake of soluble dietary
fiber, as well as by decreasing intake of highly
refined carbohydrates.

Pharmacological intervention—In the absence of
evidence that there is one drug capable of
addressing the entire cluster of abnormalities
associated with insulin resistance/hyperinsuline-
mia, pharmacological treatment at this point is by
necessity directed to the individual manifesta-

Table 7

Prevalence of Combinations of the 4
Metabolic Abnormalities™ of the
Insulin Resistance Syndrome?

Prevalence (%)

One abnormality

BP 114
HDL-C 9.1
TG 52
Glucose 3.0
Two abnormalities
TG, HDL-C 72
BP, glucose 54
BP, TG 4.6
BP, HDL-C 4.1
HDL-C, glucose 20
TG, glucose 14
Three abnormalities
TG, HDL-C, BP 5.8
TG, BP, glucose 3.1
TG, HDL-C, glucose 24
HDL-C, BP, glucose 15

Four Abnormalities

TG, HDL-C, BP, glucose 4.6

*Values defining an abnormality are shown in Table 3

TThe population includes 3280 individuals, aged 40-74,
without diabetes by history or a fasting plasma glucose
concentration >126 mg/dL.

tions of the Insulin Resistance Syndrome, i.e.
hypertension, dyslipidemia, etc., that persist
despite appropriate changes in lifestyle. It is not
appropriate within the context of this document to
discuss extensively the pros and cons of the vari-
ous pharmacological approaches that can help to
ameliorate the manifestations of the Insulin
Resistance Syndrome, but it is totally relevant
that a thorough search be made to both identify
and initiate appropriate drug treatment for any of
the manifestations of the Insulin Resistance
Syndrome that have not responded to lifestyle
modifications. There are no evidence-based
guidelines to provide therapeutic targets for treat-
ment of the central manifestations of the Insulin
Resistance Syndrome, but efforts to obtain values
for the lipid, glucose, and blood pressure cut
points outlined in Table 3 seem reasonable.
Finally, although a high LDL-C concentration is
not part of the Insulin Resistance Syndrome, it
also seems reasonable to treat hypercholes-
terolemia aggressively, possibly to the same
degree as is recommended for patients with type
2 diabetes (53).

CONCLUSIONS

This document has attempted to provide a means of
understanding the Insulin Resistance Syndrome and a prac-
tical clinical approach to identifying and managing indi-
viduals at risk. By necessity, we had to limit discussion to
outline form only, especially with regard to treatment.
While we have accepted the lipid and blood pressure
guidelines from ATP III, we do suggest certain differences
from earlier excellent efforts to identify individuals who
are insulin resistant and hyperinsulinemic, and at increased
risk to develop type 2 diabetes and CVD. These differences
may be summarized as follows: 1) The Insulin Resistance
Syndrome is used to describe the cluster of abnormalities
that are more likely to occur in insulin resistant/hyperinsu-
linemic individuals. 2) The Insulin Resistance Syndrome is
differentiated from type 2 diabetes. 3) BMI, rather than
waist circumference, is used as the index of obesity, and
viewed as a physiological variable that increases insulin
resistance, rather than as a criterion for diagnosis of the
Insulin Resistance Syndrome. 4) Ethnicity is introduced as
an important risk factor for insulin resistance, and non-
Caucasian ancestry identified as increasing risk of the
Insulin Resistance Syndrome. 5) Other factors have been
identified that increase the risk of developing the Insulin
Resistance Syndrome, including a family history of type 2
diabetes, hypertension, CVD, as well as a personal history
of CVD, PCOS, gestational diabetes, and acanthosis nigri-
cans. 6) Fasting plasma glucose concentrations are used to
identify individuals with type 2 diabetes, and the plasma
glucose concentration 2-hours after a 75-g oral glucose
load is introduced as a more sensitive measure of risk for
the Insulin Resistance Syndrome.
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We are supportive of current concepts in medically

supervised therapeutic lifestyle change, including con-
cerns about high carbohydrate diets, efforts directed to the
treatment of obesity, and strategies for increasing physical
activity. Further research into pharmacologic interven-
tions for the treatment of the Insulin Resistance Syndrome
appears very promising. We fully concur that the emer-
gence of the Insulin Resistance Syndrome is among the
most pressing problems of public health in the developed
world, and many diverse talents and resources will need to
work together to meet this challenge.
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