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Relationships Among Insulin Resistance, Type 2
Diabetes, Essential Hypertension, and
Cardiovascular Disease: Similarities and

Differences
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Insulin resistance plays a major role in the
pathogenesis and clinical course of patients with
type 2 diabetes (2DM) and essential hypertension.
However, the syndromes differ in prevalence of
insulin resistance, and associated insulin secretory
response. Essentially all patients with type 2
diabetes are insulin resistant, whereas only
approximately 50% of those with essential hyper-
tension are insulin resistant. Furthermore, 2DM
develops when the pancreatic f-cell can no longer
maintain the degree of compensatory hyper-
insulinemia needed to prevent hyperglycemia. In
contrast, the compensatory hyperinsulinemia that
prevents most insulin resistant individuals from
developing 2DM acts on normally insulin sensitive
tissues in a manner that predisposes to the devel-
opment of essential hypertension. This review will
discuss these similarities and differences in some
detail, as well as exploring the relationship among
insulin resistance and related metabolic abnormal-
ities in the pathogenesis of cardiovascular disease
in patients with 2DM and essential hypertension.
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Insulin—mediated glucose uptake by muscle var-
ies more than 6-fold in apparently healthy indi-
viduals," with approximately 50% of the
variability in insulin action® resulting from differ-
ences in degree of adiposity (25%) and physical
fitness (25%). The remaining 50% is likely to be
of genetic origin, with powerful familial and eth-
nic influences.>* Type 2 diabetes develops when
insulin-resistant individuals cannot secrete the
increased amounts of insulin needed to compen-
sate for the insulin resistance.”™ However, the
majority of insulin-resistant individuals are able
to maintain the degree of hyperinsulinemia
required to prevent manifest decompensation of
glucose homeostasis. Although compensatory
hyperinsulinemia prevents the development of
frank hyperglycemia in insulin-resistant persons,
insulin-resistant/hyperinsulinemic individuals are
at greatly increased risk of being somewhat
glucose-intolerant, with dyslipidemia character-
ized by a high plasma triglyceride (TG) and
low high-density lipoprotein cholesterol (HDL-
C) concentration and an increase in blood
pressure (BP).>® Glucose intolerance, the dyslipi-
demia associated with insulin resistance, and
essential hypertension represent important risk
factors for cardiovascular disease (CVD). The
goal of this overview is to summarize the role
that insulin resistance plays in the pathogenesis
of type 2 diabetes and essential hypertension, as
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well as demonstrate the link between them and
CVD. In the process, the similarities and the dif-
ferences between these relationships will be
emphasized.

INSULIN RESISTANCE IN THE
PATHOGENESIS OF TYPE 2 DIABETES AND
ESSENTIAL HYPERTENSION

Type 2 Diabetes

Although the role of insulin resistance in the patho-
genesis of diabetes was initially demonstrated prior
to World War II by Himsworth and colleagues,”"
it was not until approximately 45 years later that it
became generally recognized that the majority of
patients with impaired glucose tolerance or type 2
diabetes were insulin-resistant.'*!® In addition, it
was shown that insulin resistance existed in nondia-
betic first-degree relatives of patients with type 2
diabetes'* and that insulin resistance predicted the
onset of frank type 2 diabetes.®”

Essential Hypertension

In 1966, Welborn and colleagues’ demonstrated
that 19 individuals with essential hypertension had
significantly higher plasma insulin concentrations
than a control population, but approximately ano-
ther 20 years elapsed before there was confirmation
of this finding.'"® During the next few years, it
became clear that patients with essential hyperten-
sion, as a group, were insulin-resistant, that insulin
resistance predicted the development of essential
hypertension, and that normotensive first-degree
relatives of patents with essential hypertension were
insulin-resistant.'”~"?

On the other hand, there is a fundamental differ-
ence in the relationship between insulin resistance
and the development of type 2 diabetes as com-
pared with its role in the pathogenesis of essential
hypertension. Namely, the overwhelming majority
of patients with type 2 diabetes are insulin-resistant
and this is not the case as regards essential hyper-
tension. There is no absolute definition of insulin
resistance, but prospective studies in which the
insulin suppression test (IST) was used to quantify
insulin-mediated glucose uptake indicated that one
third of apparently healthy individuals who were
most insulin-resistant developed an adverse clinical
outcome.”’ Insulin action as quantified by the IST
is based on determining the steady-state plasma glu-
cose (SSPG) concentration in response to a continu-
ous infusion of glucose, insulin, and octreotide—the
higher the SSPG, the more insulin-resistant the indi-
vidual. Insulin action was quantified with this
method in 126 patients with essential hypertension,*'
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Figure 1. Comparison of the proportion (percent) of
untreated and treated patients with essential
hypertension in the 3 SSPG categories:

<96 mg/dL=most insulin-sensitive; 96mg/dl—

180 mg/dL=intermediate; >180 mg/dL=most insulin-
resistant. Reprinted with permission.

treated (n=70) or untreated (n=56), using SSPG
concentration cut-points derived from earlier studies
to divide patients into tertiles. The two groups were
not different in demographic characteristics, and
the data in Figure 1 indicate that they also had a
similar distribution of SSPG concentrations. Thus,
approximately 15% of patients with essential
hypertension, treated or untreated, were insulin-sen-
sitive (SSPG concentration <96 mg/dL), whereas
approximately 50% of both groups were insulin-
resistant (SSPG concentration >180 mg/dL). Thus,
the prevalence of insulin resistance in patients with
essential hypertension is much lower than is the
case in patients with type 2 diabetes, in which
essentially all patients are insulin-resistant.

WHAT IS THE “SECOND HIT”’?

Type 2 Diabetes

Although the vast majority of patients with type 2
diabetes are insulin-resistant, insulin resistance, per
se, does not explain why fasting hyperglycemia
develops. The magnitude of insulin resistance varies
dramatically in nondiabetic individuals over a nar-
row range of fasting plasma glucose concentra-
tions,** and the most insulin-resistant nondiabetic
individuals have values that overlap those of
patients with frank type 2 diabetes. Whatever it is
that protects the majority of insulin-resistant indi-
viduals from developing type 2 diabetes remains a
mystery, but it is clear that failure of the pancreatic
B-cell to maintain the degree of compensatory
hyperinsulinemia required to overcome the insulin
resistance is what leads to gross decompensation of
glucose homeostasis. It is this inability of the insulin
secretory mechanism to compensate for insulin
resistance that provides the “second hit” that
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renders insulin-resistant individuals frankly diabetic.
This statement should not be interpreted to mean
that absolute insulin deficiency characterizes
patients with type 2 diabetes, and plasma insulin
concentrations in patients with type 2 diabetes are
often as high, or higher, than those of glucose-toler-
ant individuals.*®

Essential Hypertension

Identifying the second hit that explains why normo-
tensive, insulin-resistant individuals develop ele-
vated BP is much more elusive, at least partly
because probably no more than half of patients
with essential hypertension are insulin-resistant.”!
However, there is information that may help
explain some of the mechanistic links between insu-
lin resistance and an increase in BP. For example, a
number of relevant variables were compared in 19
healthy individuals in response to 5-day periods of
high (200 mmol/d) and low (25 mmol/d) sodium
diets.”* Mean changes found with a high-sodium
diet were not surprising and included an increase in
weight, sodium excretion, and plasma concentra-
tions of atrial natriuretic peptide (ANP) and plasma
renin activity (PRA), and a decrease in plasma
aldosterone concentration. The dramatic difference
in salt intake did not affect either insulin action or
the insulin response to an oral glucose challenge,
but there was an increase in urinary nitrate excre-
tion on the high-salt diet of marginal statistical sig-
nificance (P=.06).

Regression analysis of the whole group, how-
ever, showed that the more insulin-resistant the per-
son, the less the natriuretic response to the high-
sodium diet (—0.50, P=.04), and the greater the
sodium-induced weight gain (r=0.54, P=.03). Of
interest, changes in PRA, ANP, and aldosterone
were not significantly related to either sodium
excretion or weight gain. Finally, the only two vari-
ables significantly associated with a sodium-induced
increase in mean arterial BP were weight gain
(r=0.51, P<.05) and a decrease in urinary nitrate
excretion (r=—0.77, P<.001). As before, there was
no association between increases in BP and changes
in PRA, aldosterone, or ANP. These results provide
one possible explanation for what the second hit
might be, at least in the case of salt-sensitive hyper-
tension, which increases the chances of an insulin-
resistant person developing essential hypertension.
Specifically, the more insulin-resistant the individ-
ual, the more likely they will be to retain salt and
water, with subsequent volume expansion, inde-
pendent of changes in ANP, PRA, or aldosterone.
Furthermore, the greater the degree of volume
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expansion (weight gain), the higher the sodium-
induced increase in BP. Finally, since the increase in
BP was inversely related to the change in urinary
nitrate excretion, it can be argued that insulin-resis-
tant individuals will be at risk for volume-related
hypertension, and their ability to compensate will
depend on how effective they are at increasing
nitric oxide production. Consistent with this possi-
bility is the finding that the plasma concentration
of asymmetric dimethylarginine (ADMA), an
endogenous inhibitor of nitric oxide synthase, is
increased in the subgroup of patients with essential
hypertension who are also insulin-resistant.”> An
impaired nitric oxide response is only one possible
second hit that explains why insulin resistant indi-
viduals are at increased risk for developing hyper-
tension, and we clearly lack the knowledge to
understand why some insulin-resistant individuals
become hypertensive and others do not.

COMPENSATORY HYPERINSULINEMIA.
GOOD? BAD? IT DEPENDS!

Type 2 Diabetes

As discussed above, type 2 diabetes occurs when
insulin-resistant individuals are not able to main-
tain the degree of compensatory hyperinsulinemia
necessary to prevent frank decompensation of glu-
cose tolerance.” ' If the evolutionary function of
the pancreatic B-cell is to secrete enough insulin to
prevent the development of type 2 diabetes, it
seems reasonable to conclude that compensatory
hyperinsulinemia be considered as a beneficial
adaptive response to the presence of insulin resis-
tance: “a good guy.”

Essential Hypertension

One way to view compensatory hyperinsulinemia
in insulin-resistant, nondiabetic individuals is as a
philanthropic effort on the part of the pancreatic -
cell to stave-off the ravages of type 2 diabetes. On
the other hand, chronic hyperinsulinemia is not
without its price. This paradoxical situation arises
because not all tissues are equally insulin-resistant.
More specifically, the presence of defects in insulin-
mediated glucose uptake by muscle and insulin
inhibition of adipose tissue lipolysis,”® subsumed
under the rubric of “insulin resistance,” does not
mean that insulin-regulated processes are abnormal
in other tissues. For example, the kidney is not
resistant to the ability of insulin to enhance sodium
reabsorption, explaining why insulin-resistant/hyper-
insulinemic, nondiabetic individuals are at increased
risk to retain salt and water (salt-sensitive).>* Simi-
larly, the sympathetic nervous system retains normal
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insulin sensitivity, favoring vasoconstriction as
well as sodium retention.””~*® Thus, the pancre-
atic B-cell response mounted in an effort to main-
tain normal glucose homeostasis in an individual
with adipose tissue and muscle insulin resistance
increases the likelihood of that person developing
essential hypertension.

INSULIN RESISTANCE AND CVD

Type 2 Diabetes

Although there is general agreement that CVD is
the major cause of morbidity and morality in type
2 diabetes, controversy remains as to why this is
the case. An obvious contender is hyperglycemia,
accounting for the many studies in which efforts
have been made to decrease CVD by achieving bet-
ter glycemic control. Although the results of these
studies could best be described as mixed, a pattern
seems to emerge when a number of studies are sub-
jected to a meta-analysis.”” With this approach, it
appears that there is “a modest reduction in major
macrovascular events with greater glucose lower-
ing.” The greatest benefit was seen in nonfatal
myocardial infarction, with no significant effect on
stroke. These findings are not surprising. The CVD
risk factors that are present in insulin-resistant,
nondiabetic individuals®® do not disappear when
fasting hyperglycemia ensues. Consequently, it is
also not surprising that the multifactorial approach
used in the Steno-2 Study®® was shown to decrease
both cardiovascular mortality and cardiovascular
events in patients with type 2 diabetes. It should
also be noted that there was less emphasis on an
aggressive improvement of glycemia in this study,
and the decrease in hemoglobin A;. concentrations
was not as great as in the studies focused only on
intensive control of glucose concentrations. Thus,
there appear to be a number of CVD risk factors
that are operating in increasing risk of CVD in
patients with type 2 diabetes.

Essential Hypertension
The link between essential hypertension and vascu-
lar disease differs in two important ways from the
relationship seen in patients with type 2 diabetes.
Just as the focus in prevention of CVD in
patients with type 2 diabetes has been on lowering
glucose concentrations, efforts to improve vascular
outcomes in patients with hypertension have
focused on lowering BP. However, in contrast to
the results of studies in type 2 diabetes, it appears
that the clinical benefit of lowering BP has been
much more dramatic in decreasing risk of stroke
as compared with CVD.*! There is no current
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consensus for this discordance (CVD vs stroke) in
the effects of lowering BP on vascular outcome,
and several different explanations have been pro-
posed to account for this finding. For example, it
has been argued that stroke is more directly related
to BP than is myocardial infarction, and/or that the
apparent difference in outcome is a function of the
relatively short duration of the intervention trials.
Another suggestion has been that thiazide diuretics
and/or B-receptor antagonists, drugs used in many
of the controlled clinical trials, are associated with
adverse changes in carbohydrate and lipid meta-
bolism that tended to mitigate their beneficial
effect on BP. Both of these possibilities may
contribute to this apparent paradox, but there is a
simpler explanation for the observation that the
beneficial effect of lowering BP on CVD risk is less
than might have been anticipated, one that is
related to the heterogeneity of the essential hyper-
tension phenotype.

Insulin resistance is present in the vast majority
of patients with type 2 diabetes, whereas many
patients with essential hypertension are insulin-
sensitive.”** Tt is only the approximately 50% of
patients with essential hypertension who are insulin-
resistant/hyperinsulinemic who are likely to have
some degree of glucose intolerance, an atherogenic
lipoprotein phenotype characterized by high triglyce-
rides (TGs) and low high-density lipoprotein choles-
terol (HDL-C) concentrations, smaller and denser
low-density lipoprotein (LDL) particles, and an exag-
gerated degree of postprandial lipemia,>'*'-** and
evidence of endothelial dysfunction.”®

An example of the impact of differences in insu-
lin action on CVD risk factors is given in the
Table,”! in which the 126 patients described in
Figure 1 were divided into two groups: IR (the
50% who were most insulin-resistant; SSPG con-
centration >180 mg/dL) vs non-IR patients (the
insulin-sensitive and intermediate tertiles; SSPG
concentrations <180 mg/dL). By selection, the IR
group had much higher SSPG concentrations, asso-
ciated with significantly higher fasting plasma
glucose, insulin, and TG concentrations, and lower
HDL-C concentrations. As clear as were the differ-
ences in CVD risk factors between the two groups,
they were actually attenuated by including the
intermediate group with the sensitive group.

Furthermore, there is evidence that it is the sub-
set of patients with essential hypertension who are
also insulin-resistant that are more likely to develop
CVD. Thus, patients with untreated essential
hypertension, without clinical evidence of CVD,
but with ischemic heart disease by Minnesota Code
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Table. Effect of IR on CVD Risk Factors in Patients
With Essential Hypertension (Treated and Untreated)

Grour
Non-IR IR
VARIABLE (N=64) (N=62) P VALUE
SSPG, mg/dL 119+£36  245+32 <.001
SBP, mm Hg 142+17 143+18 .60
DBP, mm Hg 8149 85413 11
Glucose, mg/dL 95411 101£16 .02
>100 mg/dL, % 28 47 .03
Insulin, pU/mL 944 17+6 <.001
Cholesterol, mg/dL 197443 197435 .95
LDL-C, mg/dL 124436 120+31 52
HDL-C, mg/dL 50+16 43412 .02
<40 mg/dL, men, % 39 52 .35
<40 mg/dL, women, % 31 63 .02
TGs, mg/dL 115471 186+97 <.001
<150 mg/dL, % 19 65 <.001

Abbreviations: CVD, cardiovascular disease; DBP, diastolic
blood pressure; HDL-C, high-density lipoprotein
cholesterol; IR, insulin resistant (steady-state plasma glucose
concentration [SSPG] concentration >180 mg/dL);
LDL-C, low-density lipoprotein cholesterol; non-IR, not
insulin-resistant (SSPG concentration <180 mg/dL); SBP,
systolic blood pressure; TGs, triglycerides. Values are expressed
as mean = standard deviation unless otherwise indicated.
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Figure 2. Plasma glucose and insulin concentrations
before and after a 75-g oral glucose challenge in
control patients and two groups of patients with
essential hypertension with normal or abnormal elec-
trocardiograms (ECGs). Reprinted with permission.

criteria, were insulin-resistant (significantly higher
SSPG concentrations during the IST, P<.001) as
compared with a matched group of equally hyper-
tensive individuals with normal electrocardio-
graphic (ECG) findings.*

The results of the oral glucose tolerance tests
shown in Figure 2 indicate that the plasma glucose
responses to a 75-mg oral glucose challenge were
also somewhat higher in the hypertensive patients
with abnormal ECG findings as compared with the
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equally hypertensive group with normal ECGs, as
well as a control group of normal individuals.
Reflecting the higher SSPG concentrations, the
plasma insulin responses were approximately twice
as high in those with high BP and abnormal
ECGs as compared with the other two groups. In
addition, patients with high BP and abnormal ECG
findings had higher TG concentrations (1.86+0.22
mmol/L vs 1.264:0.13 mmol/L; P<.03) and ratios
of total cholesterol/HDL-C (5.09+£0.31 vs 3.85+
0.27, P<.03) than did those with high BP and
normal ECG findings.

The link between insulin resistance and CVD in
patients with essential hypertension is further sup-
ported by studies showing that a high TG value
and a low HDL-C concentration were significant
predictors of CVD in patients with high BP,**3
and that patients with essential hypertension, who
had low TG and high HDL-C concentrations, were
no more at risk for CVD than patients with normal
BP and low TG and high HDL-C concentrations.>’

CONCLUSIONS

Resistance to insulin-mediated glucose uptake plays
a major role in the pathogenesis and clinical course
of patients with type 2 diabetes and essential
hypertension. However, there are two fundamental
differences in the impact of insulin resistance on the
development of the clinical syndromes. First, insulin
resistance is a fundamental defect in patients with
type 2 diabetes; essentially all patients with type 2
diabetes are insulin-resistant. In contrast, essential
hypertension occurs in insulin-sensitive individuals,
and probably only 50% of persons with essential
hypertension are insulin-resistant. The second major
difference is the importance of compensatory hyper-
insulinemia in the genesis of type 2 diabetes vs essen-
tial hypertension. Type 2 diabetes occurs when the
pancreatic B-cell is no longer able to maintain the
degree of hyperinsulinemia needed to overcome resis-
tance to insulin-mediated glucose disposal by muscle
and insulin-induced inhibition of adipose tissue lipol-
ysis. Insulin-resistant individuals who are able to
secrete enough insulin to maintain normal or near-
normal glucose tolerance do not get type 2 diabetes,
but the ongoing state of compensatory hyperinsulin-
emia acts on normally insulin-sensitive tissues in
a manner that predisposes to the development of
essential hypertension. Perhaps the most important
similarity is that therapeutic interventions directed
only at improving the abnormality that defines the
clinical syndrome—plasma glucose concentration
or BP—are less effective than might have been anti-
cipated. In that context, it seems important to
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address all of the CVD risk factors associated with
insulin  resistance/compensatory hyperinsulinemia
that occur in patients with type 2 diabetes and in the
subset of patients with hypertension who are also
insulin-resistant.
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