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The metabolic syndrome - a risk factor
for diabetes and cardiovascular diseases

B Balkau*

Introduction

The concept of a clustering of risk
factors has been discussed since
the 1920s!-® and in 1988 Reaven
provided a conceptual framework
to link the various factors together:
insulin resistance. He named
the cluster syndrome X* and
included insulin resistance, hyper-
insulinaemia,  hyperglycaemia,
hypertriglyceridaemia, hypo-HDL-
cholesterolaemia and high arterial
blood pressure. Later, Reaven
added abdominal adiposity to the
cluster, and this has become a key
component of the syndrome.’

This first work generated a lot
of epidemiologic research, cen-
tred on showing that the various
abnormalities did indeed cluster,
and that they were correlated with
hyperinsulinaemia, a surrogate
marker of insulin resistance, as
quantified by either the hyperin-
sulinaemic euglycaemic clamp or
by the intravenous glucose
tolerance test and the minimal
model 510
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Summary

associated with insulin resistance.

Key words

The metabolic, or insulin resistance, syndrome is a cluster of risk factors
(hyperinsulinaemia, hyperglycaemia, hypertriglyceridaemia, hypo-HDL-
cholesterolaemia, high blood pressure, abdominal adiposity) that are all

The syndrome has been proposed as the ‘common soil’ for both
diabetes and cardiovascular disease. There have been a number of proposed
definitions for the syndrome: the most documented comes from the National
Cholesterol Education Program — Adult Treatment Panel Il (NCEP-ATP IlI).

While the syndrome is predictive of both conditions, the classical risk factors
provide better predictive tools. Nevertheless, the metabolic syndrome remains a
useful concept to be used as an additional criterion for screening subjects at
long-term risk of cardiovascular disease and diabetes.

Metabolic syndrome; diabetes; cardiovascular disease
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In 1999 the World Health
Organization (WHO) provided a
definition of the metabolic syn-
drome in their guidelines for the
diagnosis of diabetes.!! For a sub-
ject to have the WHO syndrome,
in addition to impaired regulation
or insulin resistance, two other
abnormalities (among high blood
pressure, hypertriglyceridaemia,
hypo-HDL-cholesterolaemia,
micro-albuminuria, high waist-hip
ratio and/or high body mass index)
were required. This should have
been a big step forward to enable
prevalences in various groups to be
evaluated, and compared, to pro-
vide a better understanding of the
syndrome from the differences
observed between various popula-
tions. However, the first criteria in
this definition required subjects to
have either impaired glucose regu-
lation (diabetes, impaired glucose
tolerance, impaired fasting glucose)
or insulin resistance. Thus, for
normal glucose-tolerant subjects

to be considered to have the meta-
bolic syndrome, they had to be
insulin resistant, as evaluated by a
hyperinsulinaemic clamp; this
information is not routinely avail-
able however, neither from clinics
nor in epidemiological studies.
The definitions used in research
papers often used hyperinsuli-
naemia or the homeostasis model
assessment (HOMA) insulin resist-
ance index (essentially fasting
glucose multiplied by fasting
insulin) as surrogate markers for
insulin resistance. As there were no
guidelines given for this, analyses
used differing criteria, rendering
comparison very difficult.'?

The next major step in the
metabolic syndrome story was the
National Cholesterol Education
Program — Adult Education Panel
III (NCEP-ATP III),'* which pro-
vided a more practical definition
(Table 1), requiring only fasting
blood samples and routinely avail-
able parameters. This definition
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Three or more of the following risk factors:

e Abdominal obesity: waist circumference >102/88 cm (men/women)

e Triglycerides =150 mg/dl (1.69 mmol/l)

e HDL-cholesterol <40/50 mg/dl (1.04/1.29 mmol/l) (men/women)

¢ Blood pressure =130/=285 mmHg

e Fasting glucose =110 mg/dl (6.1 mmol/l)

Table 1. NCEP-ATP Il definition of the metabolic syndrome, 2001

has the advantage of simplicity, but
it can be criticised on a number of
grounds:'* each of the chosen
thresholds is arbitrary; the five

abnormalities are assumed to
carry an equal weight in the syn-
drome; the lipids are included as
two abnormalities, thus increasing

e Central obesity: ethnic-specific

— Europids =94/80 cm (men/women) (in the USA the ATP Il [102 cm male,
88 cm female] are likely to be used for clinical purposes)

— South Asians =90/80 cm (men/women)
— Chinese =90/80 cm (men/women)
— Japan =85/90 cm (men/women)

— Ethnic Central and South Americans: use recommendations for South
Asians

— Sub-Saharan Africans: use recommendations for Europids

— Eastern Mediterranean and Middle East (Arab): use recommendations for
Europids

plus any two of the following four factors:

— Raised triglyceride level: >150 mg/dl (1.7 mmol/l) or a treatment specific for
this lipid abnormality

— Reduced HDL-cholesterol: <40/50 mg/dl (1.03/1.29 mmol/l) (men/women)
or a treatment specific for this lipid abnormality

— Raised blood pressure: systolic BP =130 or diastolic BP =85 mmHg or
treatment of previously diagnosed hypertension

— Raised fasting plasma glucose =100 mg/dl (5.6 mmol/l) or previously
diagnosed type 2 diabetes

Table 2. International Diabetes Federation consensus worldwide definition of
the metabolic syndrome, 2005'®
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the importance of dyslipidaemia;
and the criteria for abdominal
obesity results in there being more
abdominally obese women than
men, despite the fact that men are
more susceptible to cardiovascular
disease (CVD), and in some coun-
tries more susceptible to diabetes.

Defining the metabolic syndrome
Most of the epidemiological publi-
cations on the syndrome have
been based on this NCEP-ATP III
definition. More recent definitions
come from the International
Diabetes Federation (IDF)!® and
the American Heart Association/
National Heart, Lung and Blood
Institute (AHA/NHLBI)'6 (Tables
2 and 3).

The first publications compar-
ing the NCEP-ATP III and the IDF
definitions'”!® show the IDF defi-
nition to have a higher prevalence
than the NCEP-ATP III definition:
in the National Health and
Nutrition Examination Survey
(NHANES 1999-2002) the preva-
lence in persons aged over 20 years
changed from 34% to 39%, and in
an Australian study (subjects aged
=18 years) from 19% to 26% in
men and from 14% to 16% in
women. In a French population,
the frequency increased from 9%
to 17% in women and from 10% to
21% in men (Table 4); the individ-
ual abnormalities that greatly
increased in frequency were cen-
tral obesity and hyperglycaemia,
which result from the changes in
thresholds between the two defini-
tions. The increase in lipid abnor-
malities is due to lipid treatment.
In contrast, including treatment
for hypertension altered the fre-
quency of high arterial blood pres-
sure by only 1%.

Identifying at-risk patients

In the clinic, the syndrome
enables the identification of sub-
jects with a clustering of syndrome
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abnormalities, each of which might
be below the threshold for treat-
ment, but the fact that they cluster
implies a long-term risk of diabetes
and/or cardiovascular disease.
This is a similar concept to the
‘global’ or ‘overall’ cardiovascular
risk, which emphasises that all risk
factors should be taken into
account when determining risk
and hence treatment modalities.

The Framingham equations are
the best-known risk equations,
but other equations are used,
including the European SCORE
project equation.!*2” The tables of
coloured squares developed by the
SCORE project are a practical way
of evaluating the ‘absolute’ cardio-
vascular risk for an individual.?
This does at least provide a risk
ranking for the patient and his
physician, for patient education
and treatment. It appears that this
approach has had mixed success —
depending on the country, the
context and the speciality of the
physician.

The identification of the meta-
bolic syndrome may be simpler for
the practising physician; it just
requires the counting of abnor-
malities. However, if the aim is to
predict long-term cardiovascular
risk, the syndrome does not
include the important cardiovascu-
lar risk factors — age and smoking —
and the dyslipidaemia included in
the syndrome does not involve
high LDL-cholesterol, except per-
haps by the inclusion of lipid treat-
ments. Many studies have shown
that the syndrome does predict
cardiovascular risk, and a meta-
analysis using the NCEP-ATP III
defined syndrome evaluated the
relative risk as 1.6 in comparison
to subjects without the syndrome;
however, there are better methods
of predicting cardiovascular risk
than the syndrome.?!%2

Similarly, for diabetes, while
the syndrome is associated with a
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Three or more of the following risk factors:

e Elevated waist circumference: =102/88 cm (men/women)

elevated triglycerides

e Elevated triglycerides =150 mg/dl (1.7 mmol/l) or drug treatment for

e Reduced HDL-cholesterol <40/50 mg/dl (1.04/1.29 mmol/l) (men/women)
or drug treatment for reduced HDL-cholesterol

hypertension

e Elevated blood pressure =130 or =85 mmHg or drug treatment for

elevated glucose

e Elevated fasting glucose =100 mg/dl (5.6 mmol/l) or drug treatment for

Table 3. American Heart Association/National Heart, Lung and Blood Institute
(AHA/NHLBI) diagnostic criteria for metabolic syndrome 200516

relative risk of 3.0, diabetes risk
scores do perform better than the
syndrome.?1?? It would seem that
the syndrome does identify men
who might not be identified as
being ‘at risk’ by a cardiovascular
risk score; however the waist cir-
cumference alone provides a sim-
ple screening tool, with a similar
hazards ratio for cardiovascular
death as the syndrome, in men at
low cardiovascular risk.??

Highlighting health problems
The syndrome has provided
another topic for public education
messages, and it highlights one of
the great health problems of our
modern society: obesity and in
particular, central obesity. The
emphasis is placed on abdominal
adiposity, and the identification of
other risk factors associated with it.
The precise definition used for
abdominal obesity has been rather
arbitrarily chosen, as the frequen-
cies of metabolic abnormalities
increase with abdominal adiposity
in a linear fashion, making the
choice of threshold for the waist
difficule.?*

Describing the syndrome as a
pathology implies that there is
an underlying cause for all the

abnormalities that it encompasses,
and it follows that there should be
a single treatment. It has yet to be
shown that insulin sensitisers are
effective in treating the metabolic
syndrome, and the current recom-
mendations are to treat the syn-
drome abnormalities one by one.?
Towards the end of 2005,
doubts on the use of the syndrome
arose following an appropriate
cautionary and well-documented
joint statement by the European
Association for the Study of
Diabetes (EASD) and the American
Diabetes Association (ADA). In
summary this statement com-
mented that:?
¢ The metabolic syndrome is not
nearly as well-defined and char-
acterised as is often assumed
e The notion that it is a useful
marker of cardiovascular risk
above and beyond the risk asso-
ciated with its individual compo-
nents is uncertain
e Although certain cardiovascular
risk factors undoubtedly occur
together more often than expected,
the underlying pathophysiology
of the syndrome is unclear
¢ The list of risk factors compris-
ing the cluster is not grounded
by well-defined criteria.
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NCEP-ATP Ill syndrome IDF syndrome AHA/NHLBI syndrome
Men Women Men Women Men Women
Central obesity Waist >102/88cm 12% 20%  Waist 294/80 cm 33% 40%  Waist 2102/88 cm 14% 22%
(men/women) (men/women) (men/women)
Hyperglycaemia Fasting glucose 12% 6% Fasting glucose 35% 18% Fasting glucose 35% 18%
=110 mg/dl =100 mg/dl =100 mg/dl
(6.1 mmol/l) (5.6 mmol/l) or (5.6 mmol/l) or
diabetes treatment diabetes treatment
Raised blood =130/85 mmHg 66% 43% =130/85 mmHg 67% 44% =>130/85 mmHg 67% 44%
pressure or hypertension or hypertension
(systolic/diastolic) treatment treatment
Hypertrigly-
ceridaemia =150 mg/dl 17% 7% =150 mg/dl 23% 14% =150 mg/di 23% 14%
(1.69 mmol/l) (1.69 mmol/l) (1.69 mmol/l)
or specific or specific
treatment for this treatment for this
lipid abnormality™ lipid abnormality™
Hypo-HDL <40/50 mg/dl 10% 18%  <40/50 mg/d 18% 24%  <40/50 mg/dl 18% 24%
cholesterolaemia (1.03/1.29 mmol/l) (1.08/1.29 mmol/l) (1.08/1.29 mmol/l)
or specific or specific
treatment for this treatment for this
lipid abnormality™ lipid abnormality™
Syndrome 10% 9% 21%* 17%* 18%* 14%*
prevalence
T Any lipid treatment was included here
1 If treated for lipids, only counted for the hypertriglyceridaemia abnormality

Table 4. Frequency of the National Cholesterol Education Program — Adult Treatment Panel (NCEP-ATP) Ill, the
International Diabetes Foundation (IDF) and the American Heart Association/National Heart, Lung and Blood Institute
(AHA/NHLBI) metabolic syndromes and of their constituent abnormalities, in 19 126 men and 19 874 women recruited in
French health examination centres in central western France, Inter-Regional Institute for Health (IRSA), from 2001 to 2003;
the age structure is representative of the 1999 French population of men and women aged 20-74 years

It then states that ‘the manu-
script is a cautionary reminder to
practitioners, and an urgent call
for further research’. The final
statement in their abstract is: ‘treat
all cardiovascular risk factors with-
out regard to whether a patient
meets the criteria for diagnosis of
the metabolic syndrome’.

Conclusion

The metabolic syndrome remains
a useful concept to be used as an
additional criteria for screening
subjects at long-term risk of car-
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diovascular disease and diabetes,
along with the classical risk factors.
Central adiposity is the characteris-
tic physical sign of many who have
metabolic abnormalities, and after
taking a patient’s blood pressure,
medical practitioners should pre-
scribe blood tests for the biological
risk factors.

In a French population, we
have proposed that the more cen-
trally obese 30% of patients should
be further tested — corresponding
to =96 cm and =83 ¢cm in men and
women respectively.?® However,

as a caution, not all patients
with the syndrome have central
adiposity.

To repeat the above warning
from the EASD and the ADA, all
CVD risk factors should be taken
into account: high blood pressure,
high LDL cholesterol, high triglyc-
erides, low HDL cholesterol, smok-
ing, hyperglycaemia (especially
diabetes), and central adiposity.
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