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INTRODUCTION

Insulin resistance has been identified as a manifestation
of obesity several decades ago, based on the presence of
excessive circulating insulin levels in obese individuals (1).
Most persons with uncomplicated obesity exhibit an
exaggerated plasma insulin response during an oral glucose
tolerance test, which is necessary to maintain a normal
plasma glucose response after the glucose challenge, due to
a decreased sensitivity to insulin in target tissues. A similar
increased insulin output in the obese may be demostrated
after regular, carbohydrate-containing meals (2).

Insulin resistance is also present in a variety of other
conditions, both physiological, such as puberty (3) and
pregnancy (4, 5), and pathological such as acute infections
(6), achromegaly (7,8), Turner syndrome (9), aplastic
anemia (10), and others.

The insulin clamp technique (11) allow for a precise
quantitation of the effects of insulin resistance, by isolating
insulin’s action from those of the other counterregulatory
hormones participating in glucose homeostasis, and by
permitting the comparative assessment of insulin-dependent
responses over a wide range of plasma insulin
concentrations. Insulin clamp studies show that that the two
main expressions of the insulin reistance of obesity are a
decreased insulin-stimulated peripheral glucose uptake, and
an impaired suppression of hepatic glucose production
(12,13).

INSULIN RESISTANCE, SENSITIVITY AND
RESPONSIVENESS

Early definitions of insulin resistance are based on the
“need for greater than normal amounts of insulin” to elicit a
normal biological response (14). As pointed out by Kahn

(15), this definitions is based on a “greater than normal”
insulin output, and assumes that a “normal response” may
be achieved if enough insulin is available. But with the use
of the insulin clamp technique it became apparent that some
individuals never achieved a “normal response”, even when
receiving very high insulin doses. Similarly, other
individuals exhibited impaired insulin-mediated responses
even at “normal” insulin concentrations. Consequently,
Kahn and others (15) proposed to use the term resistance as
a generic descriptions of impaired biological response at the

'cellular, regional or whole body level. The term decreased

sensitivity should describe prereceptor or receptor
impairment, and impaired responsiveness should be used to
describe the inability to reach normal maximal biological
response, regardless of the level of insulin, reflecting a
post-receptor defect.

Both impaired sensitivity and impaired responsiveness
to insulin can be identified in obese populations (figure 1).
Some obese individuals with impaired insulin-dependent
glucose disposal at physiological insulin levels can
nevertheless achieve normal levels of maximal glucose
disposal at very high insulin concentrations. This insulin
resistance is related to prereceptor and receptor events.
Other obese persons cannot reach maximal response,
regardless of insulin dose, evidencing post-receptor insulin
resistance (16). This type of insulin resistance is usually
associate with severe obesity and central body fat
distribution.

The main determinant of pancreatic insulin output is
portal vein glucose concentration. However, insulin plays
an important role in a number of other functions. The
available evidence suggests that insulin resistance does not
affect homogeneously all insulin-dependent funtions. For
example, insulin-stimulated potassium uptake is impaired in
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FIGURE 1

Glucose disposal rate (GDR) during euglycemic insulin clamp
studies in obese and lean control persons. Obese I exemplifies
insulin resistance related to receptor events (decreased affinity,
number, etc), which can be overcome by large insulin doses. In

contrast, group II exhibits a response typical of post-receptor
. insulin resistance: maximal insulin-mediated response is never
achieved, even at plasma insulin levels at which presumably all
receptors are occupied. Data from Kolterman et al. (Ref. 16).

insulin-resistant obese (17), but plasma leucine flux and
oxidation appear to be preserved (18).

MECHANISM OF INSULIN RESISTANCE OF OBESITY

Many of the large body of data documenting the
consequence of insulin resistance in obesity also point to
possible mechanisms. A precise understanding-of how and
why insulin resistance and hyperinsulinemia develop in
obesity is however still imcomplete. Most factors known to
affect tissue response to insulin can be classified as acting
at the receptor or at the post-receptor sities.

Receptor events

Substrate plasma concentrations: Acute increases im
circulated free fatty acids during clamp studies prevent the
normal decline in hepatic glucose output (19). Elevated
plasma glucose levels also appear to contribute to insulin
resistance, as documented by the effects of long-term
glucose infusions and sucrose feeding in the rat (20,21).
Changes in substrate concentrations may of course be
caused by diet, but they may also be a consequence of
insulin resistance itself. For example, a decreased response
to insulin may decrease lipoprotein lipase activity, impair
VLDL triglyceride matabolism, and lead to increased
triglyceride levels. Thus, substrate-mediates changes in
insulin sensitivity may result from alterations in other
insulin-dependent processes.
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An increased circulating insulin levels has also beep
implicated in a feedback circle perpetuating insulip
resistance (22). High insulin levels are caused not only by
hypersecretions, but also by decreased clearance. In some
studies, insulin clearance rate was found to be inversely
related to body mass index (23).

A decreased number of insulin receptors per cell in
target tissues as a mechanism of insulin resisance has been
documented in a number of in vitro studies and supported
by whole-body measurement of insulin action using the
insulin clamp. The typical right shift of the insulin dose-
response curve suggests a decreased formation of hormone-
receptor complexes (24,25). Although adipose cell
hypertrophy in obesity may lead to a decreased number of
receptors per cell, adipose tissue plays a secondary role in
determining the overall insulin-mediated glucose
metabolism, given the preeminence of the skeletal muscle
tissue in this regard. Instead, it is possible that elevations in
circulating insulin levels can lead to a down-regulation of
its receptors, initiating the loop of hyperinsulinemia and
insulin resistance. "

Decreased insulin binding in adipocytes has been
demostrated in obesity (26) and in a number of conditions
associate with severe insulin resistance (27).

A decreased receptor number may be only one of
several factors producing impaired insulin sensitivity. In
many tissues, only a small proportion of receptors need to
be occupied in order for insulin to exert its maximal
biological action. For example glucose transport in
adipocytes reaches its maximun with only 10% of
occupancy (28). How a decreased number of receptors per
cell affects the proportion of occupied ones required for
maximal biological action, and whether this affects the
random probability of insulin binding is unclear. In other
tissues. The biological response increases linearly with
receptor occupancy, up to the maximal response (29).

Post-receptor events

Several of the pre-receptor changes affecting insulin
response, such as plasma concentrations of free fatty acids,
triglycerides and -glucose, actually, act at the post-receptor
levels. Increased rates of fatty acid oxidation inhibit glucose
utilization by utilizing NAD, increasing the intracellular
levels of acethyl-CoA, which is an inhibitor of pyruvate
dehydrogenase, and of citrate, which inhibits
phosphofructokinase. The accumulation of phosphorylated
glucose leads eventually to the feedback inhibition of
glucose transport into the cell (30,31).

Alternations in the molecular or functional integrity of
the insulin receptor have been described in a few genetic
disorders, and include impaired proreceptor processing
(32), defective tyrosine kinase-dependent coupling (33), or
decreased post-binding activation of glucose transporters
(34).
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As mentioned above, although specific factors affecting
each of the step of insulin action are well documented, there
is no unifying theory on how some or all of them may act
during the development of insulin resistance. Experimental
data supports the notion that insulin resistance can be
produced by diet. But the possibility of a post-receptor
alteration as a primary event cannot be ruled out. For
example, inhibition of glucose uptake by high intracellular
free fatty acid levels may- lead to hyperglycemia, which
would trigger an increased in insulin output. Sustained
hyperinsulinemia could then exert a down-regulation of its
receptor, leading to a vicious circle of decreased sensitivity
to insulin relative to “normal” levels (35).

INSULIN RESISTANCE AND HYPERTENSION

Hypertension is a well recognized complication of
obesity, and about 30% of hypertensive patients are obese,
and these tend to have central fat distribution (36). Both
hyperinsulinemia and upper-body fat distribution are risk
factors for hypertension and other cardiovascular disease
(37,38). But hyperinsulinemia and insulin resistance are
also present in non-obese, non-diabetic hypertensive
individuals, who display a similar pattern of impaired
insulin-mediated glucose and fat metabolism as do the
obese (39). This insulin resistance is not explained by sex,
age, body mass index or waist:hip ratios (40), and is also
present in several genetically hypertensive animal models,
such as the SHR rat (41,42).

Several biological actions of insulin are related to blood
pressure and cardiovascular functions (Table 1), some of
them involving a close interaction with the sympathetic
nervious system. For example, insulin-mediated glucose
disposal can be normalized in hypertensive patients by 1-
receptor blockade (44). In turn, insulin stimulates
sympathetic nervous system activity (45), an action that
appears to be preserved in insulin resistance states (46).
Insulin also enhaces renal Na reabsorption (47), and by this
mechanism may increase renal perfusion pressures. Studies
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in individuals with insulin resistance have found that there
is a correlations between degree of resistance and capillary
type and density (48), and between insulin levels and
skeletal muscle blood flow (49). However, alterations in the
vascular adrenergic tone may in fact precede and be a
causal of impaired insulin action. Changes in capillary
structure and tone, evolving independently of insulin, cause
progresive decline in the response to insulin of target
tissues, creating a vicious in which the increased insulin

production leads to additional, insulin-dependent alterations

in fluid volume and vascular tone (50).

ETHNIC DIFFERENCES IN INSULIN RESISTANCE

Although elevated insulin levels is an universal feature
of obesity, the correlations between plasma insulin levels
and hypertension or other manifestation of cardiovascular
disease varies in different ethnic groups. other parameters
associated with hyperinsulinemia, such as body fat
distribution, also have variable degree of predictive value in
populations with different genetic backgroupd. McKeige et
al (51) found that, for a given waist:hip ratio, the risk of
developing diabetes is significantly higher in
hyperinsulinemic Asians than in White Europeans.
Similarly the correlation between insulin-mediated glucose
diposal and blood pressure is significant only in whites, but
not in blacks or in pima Indians (52). Thus, the long-term
consequences of insulin resistance and hyperinsulinemia are
subjected to important genetic modulation.

The insulin resistance of uncomplicated obesity is in
most cases reversible. Weigh reduction and careful diet
monitoring are frequently sufficient to improve insulin
sensitivity and reduce basal plasma insulin levels. Dietary
supplementation with -3 fatty acid improved the diet-
induced insulin resistance in rats (53),but its role in human
insulin resistance remains to be explored. Physical activity
has also a well establised role in improving insulin
sensitivity (48,54-57).

TABLE 1
INSULIN ACTIONS ON BLOOD PRESSURE

VASOCONSTRICTION
* Vascular Hypertrophy
* (+) Sympathetic tone
* (+) Renal Na retention
* (+) Na/k cotransport
* (-) Vasodilator eicosanoids

VASODILATION
* (-) NE -induced vasoconstriction
* (+) Ca ATPase
* (+) Na/K ATPase
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FIGURE 2

Glucose disposal rate in moderately obese and in lean
controls, measured at two levels of euglycemic insulin
infusion. Differences between lean controls and obese at 10
and 40 mU levels are statistically significant. Data from
Caballero et al. (Ref. 18).
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