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Metaholic syndrome: what are the acknowledged
markers, and how reliable are they?
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Insulin resistance and its cluster of
associated abnormalities, defined
as the metabolic syndrome, are
important coronary heart disease

(CHD) risk factors. The report of
the Adult Treatment Panel-II1
(ATP 111) serves as a formal recog-
nition of this, and the fact that ap-
proximately 25% of Western popu-
lations may be suffering from the
untoward consequences of insulin
resistance emphasizes the magnitude
of the clinical problem. The aim of
the definition of the metabolic syn-
drome based on ATP Il criteria is
to provide a tool able to identify
insulin-resistant indwiduals, and 1
offers a pragmatic approach to the
early identification of individuals
at risk for CHD, with the potential
benefit of a more aggressive lifestyle
intervention and a more focused

follow-up.
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his article will provide a few
comments rather than an an-
swer to the question: “What
are the acknowledged mark-
ers of the metabolic syndrome?”
With the definition of metabolic syn-
drome, cardiologists have formally
recognized the important role played
by the defect in insulin action and
associated abnormalities in increas-
ing cardiovascular disease (CVD) risk.

DEFINITION OF THE
METABOLIC SYNDROME
AND INSULIN-RESISTANCE
SYNDROME

The Adult Treatment Panel-Ill
(ATP I1I) has stressed the importance
in terms of coronary heart disease

(CHD) risk factors of a “constellation
of lipid and nonlipid risk factors of
metabolic origin,” defining this clus-
ter of abnormalities as “the metab-
olic syndrome,” and pointing out
that “this syndrome is closely linked
to insulin resistance.”!

1able I (page 162) lists the 5 criteria
selected by the ATP Il to identify
individuals with the metabolic syn-
drome (abdominal obesity, elevated
blood pressure, impaired fasting
glucose, and elevated triglycerides
(TG), and low high-density lipopro-
tein cholesterol (HDL-C). All of
these abnormalities are related to
insulin resistance, and the presence
of only 3 of these criteria is required
to make a diagnosis of metabolic
syndrome. A recent report,
evaluating the database of
the Third National Health
And Nutrition Examination

Survey (NHANES III) in

terms of these criteria, esti-
mated that 1 out of 4 adults

living in the USA deserved

the diagnosis of metabolic
syndrome.?2

Insulin resistance syndrome

and metabolic syndrome
are not synonymous, but

are closely related: resist-

SELECTED ABBREVIATIONS
AND ACRONYMS

ATP 111 Adult Treatment Panel-IlI

CHD coronary heart disease

CVD cardiovascular disease

DECODE Diabetes Epidemiology, Col-
laborative analysis Of Diag-
nostic criteria in Europe

FPG fasting plasma glucose

HDL-C high-density lipoprotein
cholesterol

NCEP National Cholesterol

Education Panel

ance to insulin-mediated
glucose disposal greatly in-

NHANES III Third National Health And

Nutrition Survey

creases the probability of
developing one or more of

TG triglyceride
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the related abnormalities
belonging to the metabolic
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1. Abdominal obesity (waist circumference)

e Men
e Women

2. Triglycerides

3. HDL cholesterol
e Men
e Women

4. Blood pressure

5. Fasting glucose

>102 cm
>88 cm

>150 mg/dl

<40 mg/dL
<50 mg/dL

>130/>85 mm Hg
>110 mg/dL

Table 1. Adult Treatment Panel I11 (ATP 111) diagnostic criteria for

the metabolic syndrome. The presence of 23 criteria is required to

make the diagnosis.

syndrome. Insulin resistance is char-
acterized by decreased tissue sensi-
tivity to the action of insulin, lead-
ing to a compensatory increase in
insulin secretion .3 Insulin-mediated
glucose disposal varies widely in the
general population. When insulin-
resistant individuals fail to provide
the degree of hyperinsulinemia
needed to maintain an adequate in-
sulin secretion able to overcome the
resistance, type 2 diabetes devel-

ops.45 However, even when insulin-
resistant individuals secrete enough
insulin to maintain glucose home-
ostasis, they remain at increased
risk of developing a cluster of abnor-
malities¢ that have been collectively
described as the insulin resistance
syndrome. This denomination high-
lights the central role of insulin re-
sistance and compensatory hyper-
insulinemia in the development of
the cluster of the associated abnor-

malities, and thus in the pathogen-
esis of the syndrome. The insulin
resistance syndrome, with its related
abnormalities, is an umbrella under
which all of the abnormalities relat-
ed to insulin resistance with com-
pensatory hyperinsulinemia can be
collected (Figure 1), and predicts the
risk of developing type 2 diabetes,
hypertension, CHD, and stroke.”38

COMPONENTS OF THE
INSULIN-RESISTANCE
SYNDROME

Table II gives the abnormalities
currently considered to be compo-
nents of the insulin resistance syn-
drome, because of their relationship
with insulin resistance and hyper-
insulinemia:

Glucose tolerance

The majority of persons with the
insulin resistance syndrome have
a “normal” fasting plasma glucose
(FPG) concentration (<110 mg/dL).

GENETIC FACTORS

l l FACTORS

INSULIN-RESISTANCE

ENVIRONMENTAL { Obesity

Sedentary lifestyle
Others

HYPERINSULINEMIA \
Hyperfibrinogenemia Hypertension
TPAI-1 levels TRenal Na+* reabsorption
TSNS activity
1
Hypertrigliceridemia Heart rate
Low HDL TUric acid
Small, dense LDL
Postprandial lipidemia Inflammation
Endothelial dysfunction
Glucose
intolerance
Yvy
CARDIOVASCULAR DISEASE

Figure 1. The insulin-resistance/hyperinsulinemia “umbrella.” HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAI-1, plasminogen-activa-

tor inhibitor—1; SNS, sympathetic nervous system.
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However, individuals with either
“impaired fasting glucose” (FPG con-
centration >110 and <126 mg/dL) or
“impaired glucose tolerance” (FPG
concentration <126 mg/dL, and a
plasma glucose concentration >140
mg/dL and <200 mg/dL 120 min
after a 75-g oral glucose challenge)
are most likely insulin-resistant.

Dyslipidemia

Elevated plasma triglycerides (TG)
and low plasma HDL-C are common
findings in insulin-resistant/hyper-
insulinemic persons. This charac-
teristic dyslipidemia is also asso-
ciated with the presence of small,
dense low-density lipoprotein (LDL)
particles, and an increase in the
postprandial accumulation of TG-
rich remnant lipoproteins.9.10 These
abnormalities are highly athero-
genic and provide the most well-es-
tablished mechanistic link between
the insulin resistance syndrome
and CVD.11.12

Hemodynamics

The increased sympathetic nervous
system activity and renal sodium
retention documented in the insulin
resistance syndrome!3-15 are likely
the link that might explain why ap-
proximately 50% of patients with
essential hypertension are insulin-
resistant/hyperinsulinemic.16 The
insulin-resistant/hyperinsulinemic
subset of patients with essential
hypertension also often shows the
characteristic dyslipidemia of the
insulin-resistance syndrome, and
these individuals have a higher
CVD risk.16

Uric acid metabolism

Plasma uric acid concentrations are
higher in insulin-resistant individu-
als, and this is associated with a de-
crease in uric acid renal clearance.l?
However, plasma uric acid is not a

1. Some degree of glucose intolerance

e Impaired fasting glucose

e Impaired glucose tolerance

2. Dyslipidemia
o Mriglycerides
¢| HDL-cholesterol

| LDL-particle diameter

e TPostprandial lipemia

3. Hemodynamic

o TSympathetic nervous system activity

o TRenal sodium retention

« "Blood pressure (=50% of patients with
hypertension are insulin-resistant)

4. Abnormal uric acid metabolism

e TPlasma uric acid concentration

¢ | Renal uric acid clearance

5. Hemostasis

¢ TPlasminogen-activator inhibitor—1 (PAI-1)

e TFibrinogen

6. Inflammation
o TWhite cell count
e TC-reactive protein

7. Endothelial dysfunction
e "Mononuclear cell adhesion

¢ TPlasma concentration of cell adhesion

molecules

¢ | Endothelial-dependent vasodilatation

Table II. Abnormalities associated with insulin-resistance/hyper-

insulinemia.

very sensitive predictor of insulin
resistance. Thus, though an elevated
plasma uric acid concentration in-
creases the probability that an indi-
vidual is insulin-resistant, a normal
concentration does not mean that
an individual is insulin-sensitive.

Hemostasis

Plasma concentrations of plasmino-
gen activator inhibitor—1 (PAI-1) are
frequently increased in insulin-re-
sistant/hyperinsulinemic individu-
als!8 and may reflect the acute-
phase reaction associated with the
inflammation of the vascular wall.
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Inflammation

There is evidence that other mark-

ers of inflammation are present in

the insulin resistance syndrome, eg,
C-reactive protein and higher white

cell counts. 19

Endothelial dysfunction

Functionally, endothelium-depend-
ent vasodilatation is reduced in in-
sulin-resistant/hyperinsulinemic
individuals.20 Mononuclear cells
isolated from insulin-resistant/hy-
perinsulinemic individuals show
greater adherence to cultured endo-
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thelium, associated with increases
in plasma concentrations of cellular
adhesion molecules.19

ATP III DIAGNOSTIC
CRITERIA AND DIAGNOSIS
OF THE METABOLIC
SYNDROME

The clinical consequences of insulin
resistance and compensatory hyper-
insulinemia, (the insulin resistance
syndrome), are increasingly consid-
ered as a major public health prob-
lem. The insulin resistance syndrome
predisposes individuals to develop-
ing several clinical outcomes, which
include type 2 diabetes, atheroscle-
rotic CVD, hypertension, nonalco-
holic steatohepatitis, polycystic
ovary syndrome, and the list contin-
ues to expand. Despite the recogni-
tion of the importance of this syn-
drome, identifying individuals who
have the insulin resistance syndrome
is difficult, as there is no simple clin-
ically available test to diagnose it.

The appropriate diagnostic approach
to the insulin resistance syndrome
is the measurement of insulin sen-
sitivity, but there is no single defini-
tive test for insulin resistance avail-
able for use in clinical practice and
standardized assays for plasma in-
sulin, a surrogate measure of insulin
resistance, are not available for rou-
tine use. The National Cholesterol
Education Panel (NCEP) has made a
major contribution by publishing the
Adult Treatment Panel 11 (ATP III)
diagnostic criteria for the metabolic
syndrome. Its goal was to provide
a tool able to identify insulin-resis-
tant individuals at increased risk of
developing CVD.

The variables listed in Zable I were
selected because they tend to clus-
ter together as well as being more
commonly associated with insulin
resistance. The numerical values
of the 5 components are arbitrary,

not validated by hard data; howev-
er, abnormalities in all of them have
been found to be associated with in-
creased CHD risk. Use of the ATP Il
diagnostic criteria calls for the fol-

lowing comments.

Obesity

Waist circumference as a measure of
obesity was included among the cri-
teria for the diagnosis of the metab-
olic syndrome. However, obesity
should be viewed as a condition that
has an adverse effect on insulin re-
sistance and increases the likelihood
that abnormalities associated with
insulin resistance might also be
present. Therefore, obesity and waist
circumference (which is a measure
of excess adiposity), are risk factors
for the insulin resistance syndrome,
but not a diagnostic criterion for
the insulin resistance syndrome.
Obesity, indeed, may be a cause of
insulin resistance, and not a conse-
quence. Not all overweight/obese
individuals are insulin-resistant, and
not all insulin-resistant individuals
are overweight/obese 2!

However, this does not minimize
the important role that the current
epidemic of obesity plays in the
increase in the prevalence of the
metabolic syndrome. Therefore,
since obesity is able to cause an in-
sulin resistance syndrome similar
to that of the primary nonobese
syndrome, and given the fact that
primary insulin resistance is rare
while obesity is highly prevalent in
the population, it is understandable
why they are not kept separate and
why obesity is considered a major
criterion for the diagnosis of the
metabolic syndrome.

Plasma glucose

Fasting plasma glucose is the vari-
able with the greatest positive pre-
dictive value, and a concentration
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between 110 and 126 mg/dL is high-
ly predictive of insulin resistance/hy-
perinsulinemia. However, it is not a

sensitive indicator, and the vast ma-
jority of insulin-resistant/hyperinsu-
linemic individuals have a fasting

glucose concentration <110 mg/dL.

The Diabetes Epidemiology, Collab-
orative analysis Of Diagnostic cri-
teria in Europe (DECODE) Study
Group showed that post glucose
challenge plasma glucose concen-
trations were better than fasting val-
ue in predicting CVD, and that more
than 25% of subjects with normal
glucose tolerance were in the most
insulin-resistant tertile.22

Therefore, a significant number of
individuals with normal glucose
tolerance are insulin-resistant and
at increased CVD risk.

Blood pressure

Although hyperinsulinemia, a surro-
gate measure of insulin resistance,
predicts the development of hyper-
tension, no more than 50% of pa-
tients with essential hypertension
are insulin-resistant.16 If patients
with essential hypertension do not
meet the criteria for hyperglycemia
and dyslipidemia shown in 7zble I,
it is possible that they are not in-
sulin-resistant/hyperinsulinemic.
Therefore, it may be more important
to focus on whether or not an in-
crease in blood pressure is associ-
ated with any of the manifestations
of the insulin-resistance syndrome
than simply consider the presence
of hypertension.

Dyslipidemia

The ATP Il criteria are most likely
able to identify insulin-resistant/hy-
perinsulinemic individuals on the
basis of plasma TG and HDL-C val-
ues. The TG/HDL-C concentration
ratio is a powerful predictor of both
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insulin resistance and CHD risk.
The relationship between the TG/
HDL-C concentration ratio and a
specific measure of insulin-mediat-
ed glucose disposal has been found
to have a correlation coefficient al-
most identical to that between in-
sulin resistance and fasting plasma
insulin concentration (a commonly
used surrogate measure of insulin
resistance). In addition, the TG/
HDL-C concentration ratio provides
an independent estimate of CHD
risk. There is strong evidence that
the dyslipidemic criteria proposed
by the ATP III are characteristic of
insulin-resistant/hyperinsulinemic
subjects, highly predictive of CHD
risk, and that treatment of dyslipi-
demia reduces the incidence of CVD.

ADVANTAGES OF
THE ATP III DIAGNOSTIC
APPROACH

The terms insulin resistance syn-
drome and metabolic syndrome are
often used interchangeably to refer
to the clinical consequences of in-
sulin resistance and the compensa-
tory mechanisms that develop to
maintain homeostasis. However, the
two terms are different and have dif-
ferent implications. The major point
is that insulin resistance is not a
disease, but a physiological change
that increases the risk of developing
one or more of the abnormalities
listed in Zable II. The more insulin-
resistant an individual, the greater
the degree of compensatory hyper-
insulinemia, and the likelier the risk
of developing one or more of the ab-
normalities listed in 7zble II. Con-
versely, the more abnormalities
there are, the greater the chances
are that the individual is insulin-re-
sistant. Not all insulin-resistant
individuals develop these abnormal-
ities, nor is their appearance con-
fined to insulin-resistant individuals.
On the other hand, the presence of
any one of them indicates that the

individual may be insulin-resistant,
and increases the possibility that
the other abnormalities may also be
present.

The greatest benefit of the ATP III
approach to the diagnosis of metab-
olic syndrome is the recognition
that insulin resistance/hyperinsu-
linemia, and the consequences of
these defects on insulin metabolism,
must be taken into account in ef-
forts aimed at decreasing CHD risk.
The ATP Il criteria do not have a
pathophysiological value, but offer
a pragmatic approach to improving
the clinical outcome through im-
plementation of lifestyle changes
to decrease CVD risk. These criteria
very probably reliably identify in-
sulin-resistant/hyperinsulinemic
individuals; however, they are based
on arbitrary numerical scoring sys-
tems and are not validated by data.

CONCLUSION

Despite the limitations discussed
above, the ATP Il criteria should be
considered as a useful tool, in the
absence of better indicators, and
their use is justified by the effort to
enable early identification of indi-
viduals at risk of CHD, with the po-
tential benefit of a more aggressive
lifestyle intervention and a more
focused follow-up.

The fact that approximately 25% of
Western populations may be suffer-
ing from the consequences of in-
sulin resistance emphasizes the
magnitude of the clinical problem
and the potential relevance of the
metabolic syndrome.

We greatly thank Professor Gerald Reaven
for his skillful supervision of this article.

165

REFERENCES

1. No authors listed.

Executive Summary of the Third Report of
the National Cholesterol Education Program
(NCEP) expert panel on detection, evalua-
tion, and treatment of high blood cholesterol
in adults (Adult Treatment Panel 111).

JAMA. 2001;285:2486-2497.

2. Ford ES, Giles WH, Dietz WH.
Prevalence of the metabolic syndrome
among US adults: findings from the third
National Health and Nutrition Examina-
tion Survey.

JAMA. 2002;287:356-359.

3. Reaven GM.
Role of insulin resistance in human disease.
Diabetes. 1988;37:1595-1600.

4. Warram JH, Martin BC, Krolewski
AS, Soeldner JS, Kahn CR.

Slow glucose removal rate and hyperinsuline-
mia precede the development of type Il dia-
betes in the offspring of the diabetic parents.

Ann Intern Med. 1990;113:909-915.

5. Lillioja S, Mott DM, Spraul M, et al.
Insulin resistance and insulin secretory
dysfunction as precursors of non—insulin
dependent diabetes mellitus.

N Engl J Med. 1993;329:1988-1992.

6. Zavaroni I, Bonora E, Pagliata M,
et al.

Risk factors for coronary artery disease in
healthy persons with hyperinsulinemia and
normal glucose tolerance.

N Engl J Med. 1989;320:702-706.

7. Pyorala M, Miettinen H, Halonen P,
Laakso M, Pyorala K.

Insulin resistance syndrome predicts the
risk of coronary heart disease and stroke in
healthy middle aged men. The 22 years fol-
low-up results of the Helsinki policemen study.

Arterioscl Thromb Vasc Biol.
2000;20:538-544.

8. Zavaroni I, Bonini L, Gasparini P,
et al.

Hyperinsulinemia in a normal population as
a predictor of non—insulin-dependent dia-
betes mellitus, hypertension, and coronary
heart disease: the Barilla factory revisited.

Metabolism. 1999;48:989-994.




Dialogues in Cardiovascular Medicine - Vol 9 - No. 3 - 2004

Metabolic syndrome: what are the acknowledged markers? - Zavaroni and others

9, Austin MA, Breslow JL, Hennekens
CH, Buring JE, Willett WS, Krauss RM.

Low-density lipoprotein subclass patterns and
risk of myocardial infarction.
JAMA. 1988;260:1917-1921.

10. Patsch JR, Miesenbock G,
Hopferwieser T, et al.

Relation of triglyceride metabolism and
coronary artery disease: studies in the post-
prandial state.

Arterioscler Thromb. 1992;12:1336-1345.

11. Gaziano JM, Hennekens CH,
O'Donnell CJ, Breslow JL, Buring JE.

Fasting triglycerides, high-density lipopro-
tein, and risk of myocardial infarction.
Circulation. 1997;96:2520-2525.

12. Jeppesen ], Hein HO, Suadicani P,
Gyntelberg F.

Low triglycerides—high high-density lipo-
protein cholesterol and risk of ischemic heart
disease.

Arch Int Med. 2001;161:361-366.

13. De Fronzo RA, Cooke CR, Andres
R, Faloona GR, David PJ.

The effect of insulin in renal handling of
sodium, potassium, calcium, and phosphate

in man.

J Clin Invest. 1975;55:845-655.

14. Skott P, Vaag A, Bruum NE, et al.
Effect of insulin on renal sodium handling
in hyperinsulinemic type 2 (non—insulin-
dependent) diabetic patients with peripheral
insulin resistance.

Diabetologia. 1991;34:275-281.

15. Facchini FS, Riccardo A, Stoohs A,
Reaven GM.

Enhanced sympathetic nervous system ac-
twity—the linchpin between insulin resist-
ance, hyperinsulinemia, and heart rate.

Am J Hypertens. 1996;9:1013-1017.

16. Zavaroni I, Mazza S, Dall'Aglio E,
Gasparini P, Passeri M, Reaven GM.

Prevalence of hyperinsulinaemia in patients
with high blood pressure.

J Int Med. 1992;31:1128-1130.

17. Facchini F, Chen YD, Hollenbeck
CB, Reaven GM.

Relationship between resistance to insulin-
mediated glucose uptake, urinary uric acid
clearance, and plasma uric acid concen-
tration.

JAMA. 1991;266:3008-3011.

18. Juhan-Vague I, Thompson SG,
Jespersen J.

Involvement of the hemostatic system in the
insulin resistance syndrome. A study of 1500
patients with angina pectoris. The ECAT
Angina Pectoris Study Group.

Arterioscler Thromb. 1993;13:1865-873.

19. Chen NG, Abbasi F, Lamendola C,
et al.

Mononuclear cells adherence to cultured
endothelium is enhanced by hypertension
and insulin resistance in healthy nondiabetic
volunteers.

Circulation. 1999;84:3485-3489.

20. Baron AD.
Vascular reactivity.
Am J Cardiol. 1999;34:251-271.

21. Ferrannini E, Natali A, Bell P,
Cavallo-Perin P, Lalic N, Mingrone G.
Insulin resistance and hypersecretion in
obesity. European Group for the Study of
Insulin Reststance (EGIR).

J Clin Invest. 1997;100:1166-1173.

22, DECODE Study Group, the Euro-
pean Diabetes Epidemiology Group.
Glucose tolerance and cardiovascular mor-
tality: comparison of fasting and 2-hour
diagnostic criteria.

Arch Intern Med. 2001;161:397-405.

166



