
O ne of the achievements of contem-
porary healthcare is the decrease
in morbidity and mortality through

the control of modifiable vascular risk fac-
tors. The clustering of risk factors called the
metabolic syndrome (MetS) confers an in-

creased risk of vascular morbidity and mor-
tality1-7 and all-cause mortality,2 even in the
absence of clinically evident vascular dis-
ease and/or diabetes mellitus (DM).2,3 The
National Cholesterol Educational Program
(NCEP) Adult Treatment Panel III (ATP
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Introduction: There are no data concerning the degree of awareness, treatment and control of the metabolic
syndrome (MetS) and its components or associated vascular risk in the general population.
Methods: A cross-sectional analysis was made of a representative sample of Greek adults (n=9,669, 49%
men and 51% women), living in urban, semi-urban and rural areas (55%, 23% and 22%, respectively). The
National Cholesterol Education Program (NCEP-ATP III) and the International Diabetes Federation (IDF) defin-
itions for the MetS were used.
Results: The age-standardised prevalence of the MetS in the general population was 24.5% [95% CI 23.4-
25.7%] (n=2,369). This was similar in men and women and increased with age. Among subjects with the
NCEP MetS the prevalence of hypertension was 71%, elevated blood glucose 55%, low high-density lipopro-
tein cholesterol 58%, high triglycerides 63% and abdominal obesity 82%. Only one third of subjects were
aware of the MetS component conditions, less than one quarter were on treatment, and very few (≤10%)
were controlled for MetS components. Awareness of MetS individual component conditions (e.g. arterial hy-
pertension), and consequently effective control, was lower than that reported in other cohorts, including sub-
jects without MetS. Only 5% of subjects were aware of MetS as an entity, 2% were treated for all component
conditions and only 1% were controlled. Using the IDF definition, the prevalence of MetS was higher (43.4%)
and awareness, treatment and control of MetS and its components were significantly lower.
Conclusions: The prevalence of MetS is high in Greece but is not recognised among the general population.
Therefore, treatment and control of MetS and component conditions are extremely low. If the situation does
not improve soon, MetS will cause a further increase in the vascular disease epidemic in the years to come.
This calls for urgent education of the public and the medical community.
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III)8 definition of the MetS is relatively recent (2001).
Therefore, there are no data on the level of awareness,
treatment and control of this syndrome and its compo-
nents among noninstitutionalised civilians. It is essen-
tial for both physicians and potential patients to be a-
ware of the MetS in order to recognise and treat it effect-
ively.

In the present population-based, cross-sectional
study, we investigated the prevalence, awareness, treat-
ment and control of the MetS and its components in a
Mediterranean country (Greece).

Study design and methods

The study was carried out during 2003 and 2004 in
Greece. Fifty-seven investigators, from six hospitals, 39
health care centres and the Working Groups for the
Identification and Treatment of the MetS of the Greek
Atherosclerosis Society and the Greek Society of Gen-
eral Practitioners participated in the study. The study
received ethical approval and informed consent was ob-
tained from all subjects before enrolment.

Definition of the MetS

Participants having three or more of the following cri-
teria (according to the NCEP ATP III report8), were
defined as having MetS:
ñ Abdominal obesity: waist circumference (WC) >102

cm in men and >88 cm in women;
ñ Hypertriglyceridaemia: fasting triglycerides ≥1.7

mmol/l (150 mg/dl) or treatment;
ñ Low high-density lipoprotein cholesterol (HDL-

C): <1.0 mmol/l (40 mg/dl) in men and <1.3 mmol/l
(50 mg/dl) in women or treatment;

ñ Raised blood pressure: ≥130/85 mm Hg or use of
antihypertensive medication;

ñ Raised fasting plasma venous glucose: ≥6.1 mmol/l
(110 mg/dl) or treatment.
A new definition proposed by the International Di-

abetes Federation (IDF)9 and adopted by the Euro-
pean Association for the Study of Diabetes (EASD)
and the European Atherosclerosis Society (EAS) is
also available. The IDF retained 3 of the 5 NCEP ATP
III diagnostic criteria. These are for hypertension, hy-
pertriglyceridaemia and low HDL-C levels. However,
the IDF set new thresholds for the remaining 2 diag-
nostic criteria. These are abdominal obesity (waist cir-
cumference >94 cm for Europid men and >80 cm for
Europid women) and fasting plasma glucose (>5.6
mmol/l, 100 mg/dl) as suggested by the American Di-
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abetes Association.10 A diagnosis of MetS using the
IDF criteria requires abdominal obesity + any 2 of the
other 4 criteria. 

Study design - study cohort

The protocol of this on-going study has been described
elsewhere.11,12 Briefly, this is a cross-sectional analysis of
a representative sample of Greek adults (9,669 partici-
pants older than 18 years). All subjects were Caucasian
men and women, living in urban, semi-urban, and rural
areas.

Laboratory-based assessment

After an overnight 12h fast, total cholesterol, HDL-C,
TGs, transaminases and glucose were measured as
previously described.11,12

Statistical analysis

The analysis was carried out with using the SPSS 11.01
software package (SPSS, Inc., Chicago, IL). The preva-
lence of MetS and 95% confidence intervals (CI) were
assessed using the SPSS frequency and explore proce-
dures. Normal distribution of variables was tested with
the Kolmogorov-Smirnov method. The distribution was
normal and unpaired Student’s t-tests and chi square
tests were used for group comparisons. Mean and stan-
dard deviation (SD) of the numerical variables are re-
ported. A two-tailed p value <0.05 was considered sig-
nificant. 

Results

Prevalence of MetS and component conditions

A total of 9,669 subjects, mean age 46 ± 18 years, were
included in the final analysis; their characteristics are
shown in Table 1. Forty-nine percent were men and
51% women, all were Caucasians; 55% lived in an ur-
ban area, 23% in a semi-urban area, and 22% in a rural
area. These distributions are representative of the 2001
national Greek population census in terms of residence,
age and sex. 

The age-standardised prevalence of the MetS was
24.5% [95% CI 23.4%-25.7%] (n=2,369). This was
similar in men and women (24.8% vs. 24.2%, p=0.8).
The prevalence increased with age in both sexes. There
was a 15-fold increase in the odds ratio for having MetS
in the age group >70 years old compared with that of
those 19-29 years old (p<0.0001). The mean age of sub-



jects with MetS was higher than that of the general pop-
ulation (57 ± 13 vs. 46 ± 18, p<0.0001, Table 1). 

Most subjects with MetS had 3 components of the
syndrome (63%), 22% had 4 and 10% had all 5 com-
ponents. Abdominal obesity (82%) and arterial hyper-
tension (AH) (71%) were the most common abnor-
malities in both sexes (Table 1), while raised glucose
was common (55%, 31% had DM and 24% had im-
paired fasting glucose [IFG]) (Table 1). If the new
ADA threshold for IFG10 (>5.6 mmol/l, 100 mg/dl) was
applied 32% of subjects with MetS would have IFG and
a total of 63% would have elevated glucose levels. The
prevalence of raised triglyceride (TG) levels among sub-
jects with the MetS was 63% and of low HDL-C 58%
(Table 1). 

There was no significant difference in smoking ha-
bit among the groups of the study. Using the 2001 Na-
tional Census data* we estimated that about 2.5 million
Greeks have MetS.

Awareness, treatment and control of MetS and
component conditions

Of the subjects with NCEP MetS (n=2,369) only one
third were aware of the component conditions, less
than one quarter were being treated (with lifestyle ad-
vice or/and drug treatment) while very few were ade-
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Table 1. Characteristics of the general population, of subjects with NCEP MetS and those with IDF MetS. 

General population NCEP MetS IDF MetS
n=9,669 n = 2,369 n = 4,169

Age (years ± 1 SD) 46 ± 18 57 ± 13 1 54 ± 16 1,2

Male sex % 49 51 50
Education  (years ± 1 SD) 11 ± 6 10 ± 8 11 ± 6
Sedentary life % 78 88 1 85 1

High LDL-C % 46 (5029) 35 (829) 1 30 (1250) 1,2

Diabetes mellitus % 10 (968) 31 (734) 1 19 (772) 1,2

Central obesity (NCEP-IDF) % 37 (3578) - 48 (4643) 82 (1942) 1 100 (4169) 1,2

Raised glucose (NCEP-IDF) % 16 (1547) - 28 (2708) 55 (1303) 1 59 (2460) 1,2

Arterial hypertension % 32 (3094) 71 (1682) 1 59 (2460) 1,2

Raised triglycerides % 27 (2610) 63 (1492) 1 56 (2334) 1,2

Low HDL-C % 26 (2514) 61 (1445) 1 57 (2376) 1,2

Percentage of patients unless otherwise defined, absolute number of patients in parenthesis. HDL-C – high-density lipoprotein cholesterol;
IDF – International Diabetes Federation; LDL-C – low-density lipoprotein cholesterol; MetS – metabolic syndrome; NCEP – National
Cholesterol Education Program.
1p<0.05 vs the general population, 2p<0.05 vs NCEP MetS

quately controlled (≤10%) (Figure 1A). Only 5% of
the subjects were aware of the MetS as an entity, 2%
were treated for all component conditions and 1% were
controlled for all features (Figure 1A). Of the subjects
with IDF MetS (n=4,169) only one quarter were aware
of the component conditions, less than one fifth were
treated (with lifestyle advice or/and drug treatment),
while very few were adequately controlled (≤7%) (Fig-
ure 1B). Only 3% of the subjects were aware of the
MetS as an entity, 1% were treated for all component
conditions and nearly 0.5% were controlled for all MetS
features (Figure 1 B). 

Discussion

The prevalence of MetS is high in Greece and this syn-
drome is unrecognised among the population. There-
fore, treatment and control of MetS and its components
are extremely low, with considerable potential for im-
provement. If the situation does not improve soon, MetS
will cause a considerable increase in vascular disease in
the future.

The data on prevalence of MetS in this paper (re-
ferring to 2003 and 2004, n=9,669) derive from all over
Greece. They are similar to those derived from north-
ern Greece (2003, n=4,153) that we have reported pre-
viously.10

Our results indicated an effective control of hyper-
tension in 9% of subjects with MetS. This is lower than
the national percentage and is probably due to the low-
er blood pressure threshold used (130/85 mmHg) to de-

(*http://www.kethi.gr/greek/statistika/Apasxolisi/APOGRAFI_
01.htm), we estimated that about 2.5 million Greeks have MetS. 



fine hypertension associated with MetS.8 Hypertension
is the most thoroughly investigated MetS component in
terms of awareness, treatment and control, mainly in
cohorts including subjects without MetS. At the 140/90

mmHg threshold, in the US 24% to 29%13,14 of hyper-
tensives, in Canada 17% and in Europe (5 European
countries) <=10% have their blood pressure controll-
ed.14 These findings are in agreement with a meta-ana-
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Figure 1. Prevalence, awareness, treatment and control of metabolic syndrome (MetS) and its components according to the NCEP (A) and
IDF definitions (B).

AO – abdominal obesity; AH – arterial hypertension; EBG – elevated blood glucose; HTG – hypertrygliceridaemia; IDF – International
Diabetes Federation; L-HDL – low high-density lipoprotein cholesterol; NCEP – National Cholesterol Education Program.



lysis of data from 6 European countries suggesting that
on average only 8% of hypertensive individuals were
adequately controlled.15 Three studies in Greece ad-
dressed the issue of awareness, treatment, and control
of hypertension using the threshold of 140/90 mmHg.
From a large cohort (n=26,913 subjects), EPIC (Greek
component of the European Prospective Investigation
into Cancer and nutrition study)10 reported a preva-
lence of hypertension of 44%; 23% of subjects were
aware of their condition and 15.2% had their blood
pressure effectively controlled. Similarly, the ATTICA
study (n=2,282)17 reported effective control in 15%
of hypertensives. Finally, the DIDIMA Study (n=694),18

coming from a specialised outpatient clinic managed
to control hypertension in 27% of the participants. All
the above suggest that limited awareness and inade-
quate treatment and control of hypertension is a uni-
versal phenomenon. Nevertheless, the lower threshold
for both systolic and diastolic blood pressure adopted
by the MetS definitions, practically unknown to the
public, substantially contributes to the lower treatment
rate and control of hypertension.

In the present study, the percentages of subjects
with MetS and controlled low HDL-C, high TGs, were
5% and 8%, respectively. These poor results might be
attributed to the fact that treatment of dyslipidaemia
focuses mainly on low-density lipoprotein cholesterol
(LDL-C),19 while high TGs or low HDL-C (both diag-
nostic features of MetS) are often neglected. Given
that in Greece even for controlling LDL-C, the primary
goal of treating dyslipidaemia,8 the results are still
poor,19 the undertreatment of high TGs and low HDL-
C comes as no surprise. 

Our results show that the prevalence of IFG among
subjects with MetS was nearly as high as that of type 2
DM (Table 1), or even higher if the ADA 2004 defini-
tion10 is adopted (Table 1). In a report from the US20 the
prevalence of unrecognised type 2 DM was as high as
4.5% in the general population and 61% of known dia-
betic patients were uncontrolled.20,21 The prevalence of
IFG in 13 European countries is 10%22,23 and it seems
that IFG is a modifiable risk factor for cardiovascular
disease (CVD).22,23 The situation is further complicat-
ed by subjects with IFG having other features of the
MetS.24 Thus, if we take into consideration that IFG
is practically unknown among the general population
and DM is underdiagnosed and undertreated to a sig-
nificant extent,20 then the low rates of awareness, treat-
ment and control of disturbed glucose metabolism is
to be expected. Impaired glucose metabolism (type 2
DM and IFG) might be attributed to the very high inci-

dence of obesity (82%) in subjects with NCEP MetS.
Obesity seems to be related to the change in lifestyle in
Greece during the last decades.16

Our overall findings are surprising, because in
Greece, up to a few decades ago, the majority of the
population had a high level of physical activity and were
on a Mediterranean diet, which reduces the probability
for the development of the MetS and decreases the risk
of CVD-related events.25-27 It has been reported25 that
the prevalence of both conventional vascular risk fac-
tors and MetS components in those that adopted the
Mediterranean diet are significantly lower than that of
those that did not.25 In particular, the adoption of this
diet is associated with a 30% reduction in acute coro-
nary events.25 This nutritional pattern is evident in Cre-
te,28 where the traditional Mediterranean diet has been
shown to confer substantial benefits. 

Recent data, since the adoption of a more “west-
ern” lifestyle in Greece, suggest that total lipid con-
sumption is high (40% of total energy intake29), al-
though the ratio of mono-unsaturated to saturated di-
etary lipids is much higher than in other countries, in-
cluding northern Europe and North America.29 There-
fore, we assume that the protective influence from
MetS and CVD is not caused by single nutrients (e.g.
dietary fatty acids or dietary fibre) but is attributable to
the Mediterranean diet as a whole.29-32 Moreover, data
suggest that physical activity at work or during leisure
time has been dramatically reduced during the last few
decades (>80% of subjects included in the study lead a
sedentary life). All these factors combined play a sub-
stantial role in shaping MetS prevalence, because the
adoption of the Mediterranean diet by physically active
people is associated with a much higher reduction in
the odds of developing the MetS or a vascular event
than diet or exercise achieve alone.33 These changes in
lifestyle were not followed by the education of the pub-
lic and the medical community about the excessive vas-
cular risk related to MetS. This has played a substantial
role in limiting awareness, treatment and control of
MetS and its components. 

We recently reported34 that effective control of
MetS and its components, with strict lifestyle coun-
selling and multitargeted drug treatment, may reduce
the associated vascular risk by up to 76%, to a level not
higher than that of the general population.34 Thus, the
means to reduce MetS-related morbidity and mortality
are at hand and reducing this risk is achievable. The
main issue is that we should focus on the identification
and effective treatment of MetS. This will require the
education of the general population and physicians.
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Conclusions

Using the NCEP definition, awareness, treatment and
control of the MetS are extremely limited, though its
prevalence is high. With the IDF definition all the abo-
ve are much worse, probably because more people are
considered to have MetS using this definition.35 Treat-
ment and control of MetS and its components should
be a high priority in order to avoid a vascular disease
epidemic in the years to come. Education of the public
and physicians is long overdue. Lifestyle changes and, if
necessary, drug treatment will significantly reduce the
burden of this syndrome.
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