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The chronic cardiovascular risk factor syndrome
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Introduction

Although high blood pressure is a well recognized
risk factor for coronary artery disease (CAD) it has
been difficult to demonstrate that treatment of
hypertension leads to improved cardiovascular
morbidity and mortality.' Similarly, there is no
evidence that good glycaemic control in patients
with non-insulin dependent diabetes mellitus re-
duces the development of CAD, a major cause of
premature death in this group.2 In 1988 Gerald
Reaven proposed that these findings may be explain-
ed if the conditions are seen in the setting of a
syndrome. He proposed that the term 'Syndrome X'
should be applied to a series ofrelated variables that
are important in the genesis ofCAD.3 These include
insulin resistance, hyperinsulinaemia, abnormal
glucose tolerance, increased plasma very low density
lipoprotein (VLDL) triglyceride, decreased high
density lipoprotein (HDL)-cholesterol and hyper-
tension (Figure 1). Further, he proposed that insulin
resistance was causal in the syndrome. This article
reviews the background to Reaven's hypothesis, the
evidence in support of it and its problems, which
still require explanation. The important thera-
peutic implications are also discussed.

* Insulin resistance
* Hyperinsulinaemia
* Glucose intolerance
* Increased VLDL triglyceride
* Decreased HDL cholesterol
* Hypertension

Figure 1 Components of Syndrome X (the chronic
cardiovascular risk factor syndrome).

Insulin resistance

The term 'insulin resistance' refers to the level of
insulin-stimulated glucose uptake measured in vivo.
A common experimental method used to assess
insulin resistance is the euglycaemic hyperinsulin-
aemia clamp.4 In this technique insulin is infused
intravenously so as to produce a hyperinsulinaemic
state whilst glucose is infused to maintain a pre-
determined level of euglycaemia. The rate of
glucose infusion required to maintain a given
plasma glucose level will depend upon the rate of
insulin-stimulated glucose disposal in peripheral
tissues. Subjects who are insulin-resistant require
less glucose to be infused to maintain euglycaemia
than those subjects who are sensitive to the effects
of insulin. Resistance to insulin-stimulated glucose
uptake is also inferred from the level of fasting
insulin and the insulin response to a glucose
challenge.5

Insulin resistance, hyperinsulinaemia and abnormal
glucose tolerance

Resistance to insulin-stimulated glucose uptake is a
common phenomenon and a characteristic finding
in patients with non-insulin-dependent diabetes
mellitus (NIDDM) and impaired glucose tolerance
(IGT).6-8 However, the degree of insulin resistance
in these conditions bears little relation to fasting
glucose levels.9 Indeed, 25% of obese subjects with
normal glucose tolerance may be as insulin-resis-
tant as patients with IGT or NIDDM.'0 Reaven
has suggested that the explanation for varying
degrees of glucose intolerance in subjects with
similar insulin resistance is a compensatory secre-
tion of insulin by the pancreas. Patients with
normal glucose tolerance and insulin resistance are
able to secrete large amounts of insulin and main-
tain a state of hyperinsulinaemia. If this compen-
satory state cannot be maintained then insulin
levels fall (but may remain within the 'normal
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range') and subjects then develop glucose intoler-
ance and may progress to overt NIDDM.

This hypothesis implies that the difference
between subjects with NIDDM and IGT is simply
the ability of pancreatic beta cells to overcome
peripheral insulin resistance. It would explain the
varying insulin levels reported in subjects with
NIDDM (from hyperinsulinaemic to hypoinsulin-
aemic") and raises the possibility that correction of
hyperglycaemia in subjects with NIDDM might be
of limited benefit, since the underlying insulin
resistance remains. In support of this concept, there
are data documenting a greater insulin response to
a glucose load in subjects with mild fasting hyper-
glycaemia compared to those with more severe

NIDDM.'2 Similarly, prospective longitudinal
studies from a population at high risk ofNIDDM
(Pima Indians3",4) confirm that subjects go through
a period of hyperinsulinaemia before the develop-
ment of NIDDM, when insulin levels fall.

Insulin resistance, hyperinsulinaemia and
hypertension

Several reports indicate that patients with raised
blood pressure have abnormalities in glucose and
insulin metabolism. Both untreated and treated
hypertensive subjects have higher insulin levels and
are relatively glucose intolerant compared with
individuals with normal blood pressure.'5 Clamp
studies indicate that these groups are more resistant
to the action of insulin.'6-'9 As before, hyperin-
sulinaemia is considered to be a consequence ofthe
insulin resistant state.
There is indirect evidence that insulin resistance

and hyperinsulinaemia may be relevant to the
aetiology of hypertension. For example, there is a

correlation between plasma insulin concentration
and the level of blood pressure20 and there is an

increased prevalence of hypertension in patients
with NIDDM.2' Further, experimental data sug-

gest mechanisms whereby hyperinsulinaemia may
raise blood pressure. Insulin is known to stimulate
the sympathetic nervous system, resulting in a

significant elevation in plasma catecholamine con-
centrations.22'23 The sodium-retaining properties of
insulin, probably acting at the level of the proximal
tubule, are also well documented.2425 This should
increase total exchangeable body sodium, as well as
total vascular volume, and in NIDDM increased
total body sodium is a consistent finding.26 In-
creased total body exchangeable sodium has also
been reported in patients with essential hyperten-
sion.27 Further support comes from the hypoten-
sive effect of diuretics (which promote sodium
excretion) and dietary sodium restriction in hyper-
tensive diabetics.28

Insulin resistance, hyperinsulinaemia and coronary
artery disease

Abnormal glucose tolerance, both NIDDM and
IGT,29'30 and hypertension are well known coron-
ary risk factors. There is also evidence to suggest
that other variables of Syndrome X promote
coronary risk. At least three prospective epidemio-
logical studies have shown that hyperinsulinaemia
is associated with increased risk of developing
CAD3`-33 and levels of HDL-cholesterol (HDL-C)
are inversely related to coronary events in both
males and females.34 The data concerning raised
triglycerides are less clear. Two other studies have
shown triglycerides to be an independent risk
factor; both considered diabetic populations only
and neither measured HDL-C.35'36 However, in
combination with low HDL-C it is likely that raised
triglycerides warrant attention.
We have seen how both abnormal glucose

tolerance and hypertension might be associated
with insulin resistance. Low HDL-C and increased
VLDL concentrations may also be a feature of
insulin resistance, since the major clearance enzyme
of triglyceride-rich particles in the periphery is
insulin-sensitive lipoprotein lipase.37 Indeed, there
are reports ofhypertriglyceridaemia and low HDL-
cholesterol concentrations in association with
hyperinsulinaemia.38 Therefore, Reaven's hypo-
thesis proposes a group of cardiovascular risk
factors, all of which may be a consequence of the
insulin resistant state.
The mechanisms by which elements ofSyndrome

X could promote the formation of coronary ather-
oma are not clear. Insulin resistance, genetically
acquired and/or environmentally induced, could be
the true aetiological factor and other components
of the syndrome simply epiphenomena. Alterna-
tively, hyperinsulinaemia may be of crucial impor-
tance; insulin is a potent stimulus to endothelial cell
growth39 and also regulates low density lipoprotein
(LDL)-receptor activity.'4," Similarly, glucose
intolerance is associated with abnormalities of
platelet function, glycation of lipoproteins and the
formation of lipid peroxides, all of which might
promote atherogenesis.42-u

Implications with regard to treatment

The concept of a cardiovascular risk factor com-
plex has important therapeutic implications.
Agents used to correct one variable, for example
hypertension, should not adversely affect another
since the beneficial effects of treatment may then be
negated. Indeed, if Reaven's hypothesis is com-
pletely accepted then the most important aspect of
therapy is that it does not worsen the insulin
resistant state.
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Hypertension

The disappointing results, in terms of cardiovas-
cular mortality, from trials of antihypertensive
therapy may be a consequence ofthe adverse effects
of the agents used on other components of Syn-
drome X. Indeed, the hypothesis emphasizes the
importance of non-pharmacological treatment of
hypertension. Weight reduction and dietary mani-
pulation (increasing fibre, reduction of fat and
sodium intake) are especially prudent, since these
measures reduce both blood pressure and insulin
resistance.45 46 Regular exercise also increases
insulin sensitivity and has beneficial effects on other
aspects of the syndrome.47

Regarding the Syndrome X hypothesis, thiazide
diuretics appear to be the least attractive of the
antihypertensive drugs. These agents promote the
development of glucose intolerance481'5 and have
been shown to increase insulin resistance.5' Beta
blockers are also known to worsen glucose toler-
ance, especially in combination with diuretics,48
and they cause a rise in triglyceride levels in
association with a fall in HDL-C concentration.52
Atenolol and metoprolol have now been shown to
worsen insulin resistance in clamp studies.53
Newer antihypertensive agents have potential

advantages over diuretics and beta-blockers.
Angiotensin converting enzyme (ACE)-inhibitors
do not raise serum insulin levels and have neutral
effects on lipoproteins. Captopril has been shown
to reduce insulin resistance in euglycaemic hyperin-
sulinaemic clamp studies.5' Alpha-blockers im-
prove the cardiovascular risk profile by lowering
LDL cholesterol54 and prazosin has also been
reported to increase insulin sensitivity."
Calcium antagonists, in animal experiments,

impair insulin release from the pancreas56 and this
might be expected to aggravate an already insulin
resistant state. However, euglycemic clamp studies
with diltiazem show that this drug has no effect on
insulin sensitivity.57 In clinical practice, elevation of
blood glucose is negligible and no major changes in
serum lipids have been observed.54

Non-insulin-dependent diabetes mellitus

Reaven's hypothesis offers an explanation for the
high level of premature cardiovascular disease in
subjects with both NIDDM and IGT. Regarding
therapy, the implication is that treatment directed
solely at the restoration of normoglycaemia is
unlikely to produce a substantial reduction in
CAD. Indeed, the use of insulin in obese subjects
might be discouraged since this may promote
weight gain as well as increasing peripheral hyper-
insulinaemia.58 Results from the UK Prospective
Diabetes Study,2 in which subjects are being sub-

jected to very tight glycaemic control, should
establish whether these reservations are justified.

Obesity

A body mass index over 28.5 kg/M2 is a marker for
increased coronary mortality59 and separate assoc-
iations between obesity and hyperinsulinaemia,
glucose intolerance and hypertension are well
documented. These findings are consistent with
Reaven's hypothesis since a centripetal distribution
of body fat is associated with increased insulin
resistances' Indeed, some would include obesity in
the cardiovascular risk complex.6' Until recently
there has been little interest in treating obesity with
drugs. However, this situation may now be chang-
ing and is given impetus by the finding that
anorectic drugs, which act as serotonin agonists,
reduce insulin resistance.62 According to Reaven's
hypothesis, these agents should improve glucose
tolerance and lower blood pressure and there are
confirmatory reports.63 65 Interestingly, these
effects appear to occur independently ofchanges in
body mass, implying a specific effect on insulin
resistance.

Is the Syndrome X hypothesis conclusive?

The association of glucose intolerance, hyperin-
sulinaemia, lipid abnormalities and hypertension is
now well described. There are, however, aspects of
the hypothesis which demand clarification.

Concerning the development of NIDDM, Rea-
ven's hypothesis proposes that hyperinsulinaemia
is purely a compensatory response to peripheral
insulin resistance and implies that the circulating
insulin is 'normal'. The role of the pancreatic beta
cell in this process is simply one of activity or
exhaustion. Studies cited in support of the hypo-
thesis have used a standard immunoassay for
plasma insulin. However, it has recently been
demonstrated that this assay also measures inactive
molecules formed during production of insulin
from pro-insulin.' Using a highly specific two site
immunoradiometric assay for insulin, some reports
have suggested that some patients with NIDDM
may have low levels of 'active insulin', i.e. the
hyperinsulinaemia is artifactual. If this proves to be
the case in the majority of subjects with NIDDM
and IGT, then the pancreatic beta cell assumes a
more pivotal role in the generation of glucose
intolerance, as has been suggested by other
authors.67'68 The primacy of insulin resistance is
further questioned by reports of insulin insen-
sitivity, at a post-receptor level, induced by high
circulating levels of insulin.69'70
The relevance of resistance to insulin-mediated
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glucose uptake also deserves consideration. Rea-
ven's hypothesis is based upon acute loading
experiments, such as glucose challenge tests (oral or
intravenous), glucose turnover studies using a
3H-glucose isotope dilution, whole body glucose
oxidation using indirect calorimetry, and the eugly-
caemic clamp technique.6,9,10,13 Whether these
short-term laboratory experiments reveal chronic
insulin resistance is unclear, particularly as glucose
disposal during clamp experiments may be affected
by changes in peripheral blood flow.

Finally, although currently available trials of
antihypertensive medication (mainly diuretics and
beta blockers) have been disappointing with regard
to CAD, they have demonstrated a consistent
reduction in stroke morbidity and mortality of
approximately 30%.' Indeed, a recent meta-analy-
sis suggested that coronary deaths are reduced by

12-15%71 and there is no evidence that these drugs
are associated with increased coronary mortality,
as might be expected from their effects on insulin
resistance. This finding is all the more remarkable,
given that diuretics also increase LDL-cholesterol
levels. Furthermore, there is evidence that beta
blockers are effective secondary prevention of
CAD.72

Whilst newer antihypertensive agents, such as
ACE-inhibitors and calcium antagonists, are theo-
retically attractive there is currently no evidence
that these agents offer any substantial advantage in
terms of cardiovascular or stroke mortality. It
would therefore, be premature to abandon the use
of diuretics and beta blockers on the basis of the
Syndrome X hypothesis, a conclusion also reached
in a leading article in this issue of the Journal."
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