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Abstract

Metabolic syndrome (MetS) is defined as a cluster of factors that increase the risk of cardiovascular dis-
ease (CVD). Its prevalence is rapidly increasing in Europe within the last decade, but to the best of our
knowledge, there is no clear picture regarding its impact in Greece, while several definitions are being
used to diagnose MetS presence. Moreover, there is no prospective data concerning the role of MetSin
CVDrrisk for the Greek population. Thus, this review aimed to investigate which would be the most ap-
propriate criteria for MetS diagnosis in Greeks, as well as to further explore the spectrum of MetS con-
cerning CVD and their association to the adherence to the Mediterranean Diet through available epi-
demiologic evidence in Greece. Based on the Attica Study results, prevalence of Metabolic syndrome
(MetS) varied from 20% to 51% according to definition used. Only the NCEP ATPIII revised definition
highlighted that the MetS was significantly associated with CVD risk. After adjusting for several con-
founders each 1/55 increase in the MedDietScore, was associated with 3% lower risk for CVD incidence.
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Introduction

The metabolic syndrome (MetS) constitutes a
worldwide epidemic and is defined as a cluster of
co-existing risk factors related to the development
of atherosclerotic cardiovascular diseases (CVD),
type 2 diabetes mellitus as well as increased all-
cause mortality.! According to primary definitions,
its main components were insulin resistance, central
adiposity, dyslipidemia, arterial hypertension
and endothelial dysfunction. Recently, various
abnormalities such as chronic proinflammatory
and prothrombotic conditions have been added to
the entity of the syndrome, making its definition
even more complex.>® Recently, inflammation
process received increased attention concerning
its role in the pathogenesis of various disorders
ranging from insulin resistance and type 2 diabetes
to fatty liver disease and CVD. It has been also
demonstrated that MetS is associated with a chronic
inflammatory response characterized by abnormal
activation of several proinflammatory signaling
pathways. Furthermore, regardless the presence or
the progress of the MetS in an individual, C-reactive
protein (CRP) levels independently predict the
occurrence of future CVD events.? The latter has
also been observed for other biological markers of
inflammation such as interleukin-6 (IL-6) that have
been positively associated with Body Mass Index
(BMI) and fasting insulin levels.’ Besides the widely
known and discussed components and the clinical
implications of MetS, there is still no universally
accepted pathogenic mechanism or use of consistent
diagnostic criteria.*

Apart from all the aforementioned pathways linked
to the presence of MetS either as the cause, or as the
outcome, there are important highlighted lifestyle
aspects strongly related to the presence of MetS,
such as obesity. Presence of obesity enhances the risk
of renal dysfunction promoting vascular damage.’
Observations among obese patients indicated that
serum uric acid levels increase as a response to
the glomerular filtration rate’s (GFR) decrease and
as a consequence, almost half of the patients with
impaired renal function become hyperuricemic and
this is the link between the two components of the
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MetS that have been recently determined as such.
Moreover, frequent physical activity and healthy
dietary habits have been associated with favorable
outcomes among subjects with metabolic disorders
such as central adiposity and insulin resistance.’
The traditional Mediterranean Diet pattern is
characterized by an abundance of plant foods, nuts,
legumes, whole grains, moderate consumption of fish
and poultry, low consumption of red meat, moderate
consumption of wine (usually with meals) and high
consumption of olive oil rich in monounsaturated
fatty acids.”® The beneficial role of adhering to the
Mediterranean Diet with regard to mortality from all
causes, cardiovascular disease (CVD) and cancer, as
well as obesity and type 2 diabetes has already been
extensively reported”? and they are usually linked
to anti-inflammatory properties such as inhibition of
NADPH oxidase activity', reduction of IL-6 levels",
decreased levels of soluble vascular cell adhesion
molecule-1'"?, inhibition of proinflammatory
cytokines synthesis such as TNF-alpha, IL-1, IL-2
and lower expression of adhesion molecules on the
endothelium.” Consequently, the protective effects
of healthy dietary patterns such as Mediterranean
diet against CVD could be mainly attributed to the
lower generation of a proinflammatory milieu, but
the above have rarely been studied in prospective
studies.”

The effect of both inflammatory predictive ability
of MetS and adherence to Mediterranean Diet on
the 10-year CVD incidence in Greek population
has been examined in detail by the prospective
ATTICA Study. To our knowledge, this is the first
time that the diagnostic criteria of the MetS have
been evaluated in a large prospective study focused
in the Greek population, by confirming the findings
with the actual observed 10-year CVD risk. The
Attica Study 10-year follow-up used three definitions
for the MetS provided by the National Cholesterol
Education Program Adult Panel III (revised NCEP
ATP II)*, the International Federation (IDF)* and
the Harmonized definition.'* CVD events occurred
in 317 subjects (accounting for 15.7% of the study
sample); 40.7% of which occurred in subjects with
MetS.'® Thus, the prior aim of this particular task was
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Table 1. Different definitions of Metabolic Syndrome, presented in this review, with a list of their diagnostic

criteria

Definition Parameters included
Diagnosis: Three or more of the following:
*  waist circumference> 102 cm for males or =88 cm for females
. . . I

NCEP:ATP III fa:.stmg serl.lm tr.lglyceru%es >150 mg/dl
e High Density Lipoprotein serum levels < 40 mg/ dl for males or < 50 mg/dl for females
e systolic blood pressure 2130 or diastolic blood pressure = 85 mmHg
e fasting serum glucose =100 mg/dl
Diagnosis: Waist circumference > 94 cm for males or > 80 cm for females and two or more of the
following:

IDF *  fasting serum triglycerides > 150 mg/dl

Harmonized criteria*

*  High Density Lipoprotein serum levels <40 mg/dl for males or < 50 mg/ dl for females
*  systolic blood pressure =130 or diastolic blood pressure > 85 mmHg

* fasting serum glucose =100 mg/dl

Diagnosis: Three or more of the following:

*  waist circumference > 94 cm for males or >80 cm for females

e fasting serum triglycerides > 150 mg/dl

*  High Density Lipoprotein serum levels < 40 mg/ dl for males or < 50 mg/ dl for females
e systolic blood pressure > 130 or diastolic blood pressure > 85 mmHg

e fasting serum glucose > 100 mg/dl

* International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung, and Blood Institute;

American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for

the Study of Obesity

to review and discuss the findings of the ATTICA
Study that concerned the frame in which the MetS
should be discussed in Greece. Specifically, the
questions answered here by the ATTICA Study
concerned the choice of the best diagnostic criteria
for MetS among Greeks, its link to CVD risk though
prospective study design and finally reveal which
inflammatory biomarkers better predicted the 10-
year CVD incidence and evaluate the potential
mediating role of adherence to Mediterranean Diet
in the pathway between MetS and 10-year risk for
CvD.”

Definition

Several international health organizations, such
as the World Health Organization (WHO), the
European Group for the study of Insulin Resistance
(EGIR), the National Cholesterol Education Program
Adult Treatment Panel III (NCEP:ATPIII), the
American Association of Clinical Endocrinology
(AACE), the International Diabetes Federation
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(IDF), and the American Heart Association/National
Heart, Lung and Blood Institute (AHA /NHLBI),
have attempted to incorporate all the different
parameters used to define MetS.* In 2005, the NCEP:
ATP III published a new set of criteria that included
waist circumference, blood lipids, blood pressure
and fasting glucose.** The criteria being set by the
NCEP: ATP III definition differed from both the
glucocentric WHO and EGIR definitions as it was the
first that considered the role of insulin resistance. The
remaining four components of MetS were identical in
the AHA /NHLBI definition to those of the IDF, with
the exception of abdominal obesity that was defined
differently. The IDF recommended that the threshold
for waist circumference in Europeans should be 94
c¢m for men and 80 cm for women, while the AHA/
NHLBI recommended cut-off points of 102 and 88
cm, respectively. Currently, the two most widely
used definitions are those of the NCEP: ATP III and
the obesity-centric IDF which focuses specifically on
waist circumference, which is a surrogate measure
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of central obesity.* In 2009, new common-set criteria-
called the Harmonized criteria - were introduced
for international comparisons in 2009 and included
agreed-upon cut points for different ethnic groups
and sexes for the clinical diagnosis of the metabolic
syndrome.'®

Shortly, the revised NCEP ATP III definition
includes three or more from the following; waist
circumference (WC) 2102 cm for males or C= 88 cm,
TGL 2150 mg/dl, HDL <40 mg/dl for males or <50
mg/ dl for females, blood pressure >130/85 mmHg,
fasting glucose 2100 mg/dl."* The IDF definition
describes MetS as having increased WC (294 cm
for males or 280 cm for females) plus two of the
following components; TGL 2150 mg/dL, HDL <40
mg/dL for males or 50 mg/dL for females, blood
pressure 2130/85 mmHg, fasting glucose 2100 mg/
dL®. Finally, the Harmonized criteria include three
or more of the following features; WC 294 for males
or 280 for females, TGL 2150 mg/dL, HDL <40
mg/dL for males or <50 mg/dL for females, blood
pressure 2130/85 mmHg, fasting blood glucose =100
mg/dL." (Table 1)

MetS and 10-year CVD risk in Greece

The MetS, as the concurrence of multiple metabolic
abnormalities is associated with higher CVD risk
through many different paths. In particular, the
three components of atherogenic dyslipidemia
(increased low-density lipoprotein (LDL), decreased
HDL and high triglyceride concentrations) are
individually associated with high CVD risk, while
insulin resistance significantly increases the risk of
developing type 2 diabetes mellitus which is a major
risk factor for developing CVD. Presence of central
obesity has associated with increased risk of CVD as
a promoter of atherosclerosis through inflammation,
increased arterial blood pressure and impaired
endothelial function.”

Several epidemiological studies have confirmed
the increased risk of CVD in individuals diagnosed
with MetS, independently of the diagnostic criteria
used.?® Overall, a range of 1.5-3-fold higher risk of
CVD and CHD mortality in comparison to healthy
individuals has been reported in several prospective
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studies, while a recent meta-analysis concluded that
the presence of MetS was associated with a twofold
increase in cardiovascular outcomes.? Contrarily,
studies being held on older people, such as the
Casale Monteferrato Study and PROSPER, failed
to prove an association between MetS and risk of
CVD.?* Due to these controversial results, recently,
more studies aimed to investigate which of the
proposed definitions of the MetS is particularly
associated with increased CVD risk. Under this
context, the 10-year follow-up of the ATTICA
Study aimed to investigate the aforementioned
issue as well as to provide a potential explanation
regarding the role of inflammation and renal failure
on CVD incidence."” The prevalence of the MetS was
estimated to be 20% according to the NCEP ATPIII
revised definition, 48.9% according to the IDF
definition and 51% according to the Harmonized
Criteria. Among the definitions, only the NCEP
ATPIII revised definition highlighted that the
history of MetS was significantly associated (83%
higher odds ratio) with CVD events, even after
adjusting for several confounders such as age, sex,
family history of CVD, physical activity, adherence
to the Mediterranean Diet (MedDietScore) and
smoking (p < 0.001).%' These findings confirmed
that the choice of the appropriate MetS definition
is of utmost importance for public health. More
participants were classified as having the MetS
using IDF and Harmonized definitions compared
to the NCEP since the latter had different waist
circumference cut-offs. On the other hand, the
significant associations of the NCEP ATPIII revised
MetS definition is also confirmed by a recent meta-
analysis, where NCEP defined MetS was associated
with 200% higher risk for CVD events.”

When the predictive role of inflammatory
biomarkers (CRP, IL-6, uric acid and estimated
GFR) were examined to explain the association
of the three definitions of MetS with the 10-year
CVD risk no significant differences were observed
(all p’s > 0.40). This fact suggested that further
investigation of inflammatory mediators of MetS on
CVD incidence is needed, such as physical activity
and dietary habits.
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MetS and Mediterranean Diet in 10-year CVD risk
Many observational research studies suggested that
Mediterranean Diet is as a prudent dietary pattern
that was traditionally found in the Mediterranean
area. Mediterranean Diet has been suggested to be
protective against all-cause mortality, CVD, and
cancer especially due to its antioxidant and anti-
inflammatory properties.” In the Greek cohort of
the EPIC [European Prospective Investigation into
Cancer and Nutrition] study, greater adherence
to the Mediterranean Diet (2/9 increment in the
Mediterranean Diet score) was associated with
a 33% reduction in CHD mortality.*® Moreover,
according to the findings of the ATTICA Study,
greater adherence to the Mediterranean Diet was
associated with 20% lower CRP and 17% lower IL-6
levels as compared with subjects in the lowest tertile
of adherence, after various adjustments.* Since the
presence of MetS is a risk factor for CHD, it was
further investigated whether the level of adherence
to the Mediterranean diet can alter CVD risk, when
MetS is present.

After adjusting for several confounders (age,
sex, family history of CVD, physical activity and
smoking habits, as well as history of MetS), each 1/55
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increase in the MedDietScore, was associated with
3% lower odds of CVD incidence (95%CI: 0.94-1.01).
Furthermore, participants with lower adherence to
Mediterranean Diet had double odds of developing
a CVD event as compared to a moderate level of
adherence. However, for subjects with higher level
of adherence to this dietary pattern, no significant
associations were observed.*

Conclusions

The 10-year Attica Study follow-up confirmed that the
MetS is positively associated with CVD development.
Even though this inflammation-inducted syndrome
is present in the Greek population more investigation
isneeded in order to detect the specific inflammatory
factors that accompany MetS and raise CVD risk.
Adherence to the Mediterranean Diet seems to offer
significant benefits regarding the prevention and
treatment not only of the MetS as a whole but also
of its components. As a result interventions should
be encouraged in order to increase adherence to this
dietary pattern and its health benefits.

Conflict of interest: All authors declare no con-
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[MepiAnwn

Atepebvnon TOL PACHATOG TOV OLVIOTOOWV
TOUL PETAPOAKOD OLVOPOHODL KAt TOL POAOD
TOL OTOV KapOwayyelako kivoovo oty ENada.
O OwapecoAaPnukog poAog g Meooyetakr)g dtattag;
Anotehéopata ario to 10-etn enaveleyyo g peNeTg
ATTIKH (2002-2012)

E. N. TecopyovootmmovAouv’, I'. KovAn', X. KaoTopivn', AnuocBévng B. Mavayiwtakoc',
X. MitoaPog? kal n opada TG HeAéTNG ATTIKH
"'Tunua EmoTnung AiairoAoyiag-Aiaroo@ng, IxoAn Emotnucy Yyeiag kal Aywyng,
Xapokortreio MavemoTnuio, ABnva, EAAGda

2 A’ MavemoTtnuiakn KapsioAoyikn kKAIvIKn, TNA ITrrokpdtelo, laTpikn IxoAn ABnvayv,
EBvIkO KarmobioTpiako MavemoTnuio ABnvayv, ABrnva, EAAada

Q ¢ Metapolko Zvvopopo (MX) opietdt 1) 00OTASA TOV IAPAYOVI®V IOV ALSAVOLY TOV Kapdiay-
yelaxo kivoovo. O erutoAaopog oo MZ éxet avinbet onpavtikda tig tehevtaieg Sexaetieg otnv Eo-
p®II, OpKG dev vIIApyEel akopa Sexabapn) ewova 6oov agopd oty e&eAiln tov oty EAAada, eve tavto-
Xpova Stapopot oplojiot PN opoIotovyTat yia ) Oiayveor too M2, Enur\éov Sev vriapyoov dedopeva
AIIO TIPOOIITIKEG PHEAETEG TIOD VA £XOVV HEAETH|OeL ThV emiOpaon Tov MZ oTov Kapoilayyelako Kivoovo otov
EMNVIKO TTANB0OpO. Z0VEN®G, 1) IAPOVOM AVAOKONNOT elye MG OKOIIO VA avayVoPLoeL ot eival ta Ka-
TaAAn\OTepa Kpttrjpa yia ) Staryvaor) Tov M2 otnv EAAada ald xat va Slepevviioet 1o pAaopd Tov
OLVIOTOOMV TOL M 0ToV KapOlayyelaKo KivODvo Kt Tr) COOXETLON TODG HE TV IIPOOKOAAn o ot Me-
ooyetax) Starta AapBavovtag vroyn) ta Stabeotpa emdnpoloykd Sedopéva amod v ENdda. Zopgae-
va pe ta evprjpata g pedétng ATTIKH, o enutoaopog to M dievpvvetat amo 20% éwg 51 %, avaloya
€ TO XPNOHOIIO0DEVO SlayVHOOTIKO Kpttr)pto. Movo o avabempnpévog optopog too NCEP ATPIII oo-
oxetiotnKe pe Tovkapdiayyelaxo xkivoovo. Metd amod 610pbmor) yia Tovg KAAoOoKoOG IAapAayovTeg Kap-
dlayyetaxod kvdovov, yia xkabe 1/55 avénorn oto MedDietScore, 0dnyovoe oe 3% peimon) tov kapoiay-
YELAKOD KvOLVOD.

AEEEIC evPETNPIOL: PETAROAIKO CLVEPOWO, UeTOYEITKN SialTa, KAPSIAYYEIAKH VOO OG,

TTAPAYOVTEG KIVELVOL
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