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Introduction
The metabolic syndrome, previously
known as the ‘deadly quartet’, ‘syn-
drome X’ or the ‘insulin resistance
syndrome’, can be defined as the oc-
currence of insulin resistance, obes-
ity (upper body or abdominal), dys-
lipidaemia and hypertension in an in-
dividual.1 It leads to a markedly in-
creased risk of cardiovascular dis-
ease and non-insulin dependent
(type 2) diabetes mellitus.2,3

Although recognised for nearly
20 years, precise definitions have
only recently been described by the
World Health Organisation (WHO)
and the National Cholesterol Educa-
tion Programme (NCEP).4,5 These defi-
nitions have been validated by
Laaksonen et al.6

where the WHO defi-
nition was found to be
highly sensitive and
specific in predicting
diabetes mellitus
whereas the NCEP
definition identified
those at a high risk of
developing diabetes,
but was relatively insensitive in pre-
dicting diabetes. This disorder is
common, with a recent study dem-
onstrating an age-adjusted preva-
lence of 23.7% in the USA7 whereas
a further study in Finland noted a
prevalence of 8.8–14.3%.8 Although
the prevalence is similar for men and

women, the latter have a higher
cardiovascular risk than men.9

The underlying abnormality is in-
sulin resistance with elevation of se-
rum triglycerides and decreased high
density lipoprotein (HDL) choles-
terol. Hyperglycaemia may be

present. In addition,
other disorders such as
hyperuricaemia, dis-
orders of coagulation
and endothelial func-
tion have also been
described.3 The patho-
genesis of the disorder
is not clearly defined,
but it is thought that

genetic, dietary and environmental
factors play a role.10 Manipulation of
the latter two factors may alter the
poor outcomes of this disorder.

Antihypertensive treatment

Hypertension is thought to be due to
the interaction between insulin and

its counterregularity hormones (cate-
cholamines, glucocorticoids, gluca-
gon) and free fatty acids. It is associ-
ated with increased cardiovascular
tone, elevated resting heart rate and
decreased heart-rate variability.11

Treatment can be either non-pharma-
cological or pharmacological.

Non-pharmacological treatment

One may predict that sustained
weight loss and correction of the li-
pid abnormalities may result in a re-
versal of the syndrome with a de-
crease in blood pressure. A number
of studies have been performed,
both in animals and man, in an at-
tempt to cause weight loss and as-
sess the consequences of such a ma-
noeuvre. In an elegant study per-
formed in rats, it was found that al-
tering the rats’ diet from a high fat
and high refined carbohydrate diet
which had resulted in obesity, hy-
pertension, hyperinsulinaemia and
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hypertriglyceridaemia to a low fat,
high complex carbohydrate diet re-
sulted in normalisation of glucose
transport, blood pressure, plasma in-
sulin and very low density lipopro-
tein cholesterol with a decrease in
obesity.12 This particular study had
been performed over a two-year pe-
riod and whether such an effect
could also be produced in man is
another matter, as laboratory-based
rats have no choice but to comply
with their diet.

There is, however, evidence that
the metabolic syndrome can be re-
versed in man. Shahid et al.13 noted
that an exercise programme could
decrease plasma triglycerides, de-
crease systolic blood pressure and
increase insulin sensitivity. In the
second study, manipulation of diet
and an exercise programme has been
shown to markedly decrease the in-
cidence of diabetes mellitus in a
group (522 individuals) of middle-

aged, overweight people with im-
paired glucose tolerance.14 Therefore,
dietary manipulation and physical
activity should be first line therapy
and remain core treatment for indi-
viduals with this
syndrome. How-
ever, many pa-
tients have diffi-
culty remaining
compliant to
regular exercise
and dietary re-
striction for
lengthy periods
of time. For these individuals, and in
those where diet and exercise has
proved insufficient to control blood
pressure, pharmacological antihyper-
tensive therapy is required.

Pharmacological treatment

The groups of anti-hypertensive
agents and their metabolic effects are
shown in the table.

Theoretically, knowing the meta-
bolic and cardiovascular effects of
the different anti-hypertensives
should allow the prescriber to pre-
dict which would be the most suit-

able agent for pa-
tients with a meta-
bolic syndrome.
Furthermore, one
may expect that
randomised con-
trolled trials
would have been
performed dem-
onstrating superi-

ority for one or more group of drugs
in preventing the cardiovascular se-
quelae of this syndrome. No such
studies have been performed and the
prescriber has to dredge the large
anti-hypertensive drug study litera-
ture to compare varying regimes. As-
suming equal blood pressure lower-
ing efficacy, one would assume that
those drugs with no or only minor
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Table 1. Effects of obesity and antihypertensives on metabolic parameters found in the metabolic syndrome

The best advice for those
patients with a metabolic

syndrome who require
pharmacological management
for hypertension would be to
lose weight and to exercise
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metabolic changes would be supe-
rior to other agents. This would sug-
gest that angiotensin converting en-
zyme inhibitors (ACE inhibitors), al-
pha blockers or calcium channel
blockers (CCB) would be the most
suitable, but this may not be the case.
The recent ALLHAT trial comparing
chlorthalidone (similar to a thiazide
diuretic), doxazosin (alpha receptor
blocker), lisinopril (ACE inhibitor)
and amlodipine (CCB) was unable to
show that chlorthalidone was infe-
rior to the other agents in decreas-
ing the incidence of coronary heart
disease (CHD) or other cardiovascu-
lar disease (CVD) in hypertensive
patients who had at least one other
CHD risk.15 Indeed, the doxazosin
arm of the trial had to be terminated

early because of excess CVD mor-
bidity and mortality when compared
to chlorthalidone.16 Chlorthalidone
was superior to both lisinopril and
amlodipine in decreasing the risk of
development of heart failure over
time.15 In general, it was superior to
lisinopril in decreasing the risk of
other CVD manifestations. These re-
sults were found despite the findings
that the diuretic increased fasting
blood glucose in comparison to other
agents. All three drugs were associ-
ated with a decrease in serum cho-
lesterol, but lisinopril and amlo-
dipine were superior to chlor-
thalidone in this regard.15

Overall, no clinical trial has
shown major differences in prevent-
ing CVD/CHD complications in pa-

tients with hypertension between the
major drug groups independent of
other risk factors.17–21

Conclusion
The best advice for those patients with
a metabolic syndrome who require
pharmacological management for
hypertension would be to lose weight
and to exercise. Unless contraindi-
cated (patients with gout) a thiazide
diuretic should be the drug of first
choice. If this is inadequate or the
patient has had an overt episode of
coronary heart disease, then perhaps
a beta blocker should be added. Oth-
erwise, any member of the above
drug groups should be used. Alpha
blockers should probably be used as
third line treatment only.
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