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Background: Metabolic syndrome, a constellation of risk factors

associated with cardiovascular disease and Type 2 diabetes,

has reached epidemic proportions worldwide. Epidemiological

studies in transitional societies will provide insight into the

underlying factors that interact in its manifestation.

Aims: To estimate the prevalence of metabolic syndrome,

provide a comparative analysis of two metabolic syndrome

definitions and assess clustering and association of metabolic

traits and cardiovascular diseases in an Adriatic island

population.

Subjects and methods: In a cross-sectional study, data on four

anthropometric, blood pressure and 11 biochemical traits were

obtained from 1430 adults from the island of Hvar.

Results: Prevalence of metabolic syndrome was 25% and 38.5%

based on Adult Treatment Panel III and International Diabetes

Federation definitions, respectively. Rates of abdominal

obesity, elevated blood glucose and hypertension were high.

Among the traits not included in the definitions, levels of LDL,

total cholesterol and fibrinogen were markedly elevated. The

majority of the phenotypes were significantly associated with

the syndrome, the strongest being waist circumference.

Conclusion: The Croatian islanders are characterized by a high

prevalence of metabolic abnormalities. Central obesity is the

strongest contributor of the syndrome. With a high prevalence

of dyslipidemia and pro-inflammatory factors, the population

is at substantial risk for cardiovascular diseases.

Keywords: Metabolic syndrome, obesity, cardiovascular

disease, Adriatic island population

INTRODUCTION

Metabolic syndrome, defined by a cluster of metabolic
abnormalities including insulin resistance/carbohydrate
intolerance, obesity, dyslipidemia and hypertension has
emerged as a major public health problem on a global scale
across societies, irrespective of economic development and
state of affluence (Ford et al. 2002; Cameron et al. 2004;
Song et al. 2004; Gu et al. 2005; Keighley et al. 2006). Since
this assemblage of risk factors was first elucidated by Reaven
(1988), a large body of data has confirmed that metabolic
syndrome is associated with increased risk of Type 2 diabetes
(T2D) and cardiovascular diseases (CVD) (Hanson et al.
2002; Lakka et al. 2002; Eckel et al. 2005; Galassi et al. 2006).
The syndrome has, however, been defined variously based
on specific cut points of the individual components. The
two most commonly used definitions were proposed by the
World Health Organization (1999) and National Cholesterol
Education Program’s Adult Treatment Panel III (ATPIII)
(National Institutes of Health 2001). Yet, there has been a
lack of consensus of the applicability of their prescribed trait
cut points in both clinical settings and epidemiological
studies (Eckel et al. 2005; Grundy et al. 2005; Kahn et al.
2005). Subsequently, a globally relevant definition was
proposed by the International Diabetes Federation (IDF),
taking into account ethnic variation of trait values,
particularly that of central obesity (Alberti et al. 2005).
Several studies have shown general agreement between the
ATPIII and the IDF definitions with regard to prevalence
rates of metabolic syndrome and their clinical predictability
(Ford 2005; Nilsson et al. 2007; Boronat et al. 2009).
However, more recently there have been disagreements on
the utility of metabolic syndrome in clinical practice and its
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value in epidemiological studies (Eckel et al. 2010; Simmons
et al. 2010). Keeping these controversies in perspective,
epidemiological studies could be more informative with the
evaluation of additional metabolic traits, which are not
included in the prescribed definitions of the syndrome, but
are associated with cardiovascular disease risks.

We conducted a population-based cross-sectional study
in a relatively isolated population of the eastern Adriatic
coast of Croatia to estimate and compare the prevalence of
metabolic syndrome using the ATPIII and IDF guidelines,
and to evaluate additional metabolic traits associated with
cardiovascular disease risks. The present-day Croatian
islanders are predominantly of Slavic descent, who
emigrated from the mainland interior of the Balkan
peninsula at two time points, first during the 6th and 8th

century AD and second between 15th and 18th centuries
during the Turkish wars (Rudan et al. 1992). Since the time
of their settlement, the island populations have remained
relatively isolated with little emigration due primarily to
geographic confinement. Although the Dalmatian islanders
practice a largely traditional and active life-style based on
farming and livestock, rates of obesity and arterial
hypertension were found to be high in these populations
(Smolej-Narancic and Zagar 2000; Rudan et al. 2003;
Pucarin-Cvetkovic et al. 2006). Two later studies also
reported a high prevalence of metabolic syndrome in several
of these islands (Kolcić et al. 2006; Deka et al. 2008). The
current study extends our previous work in the island of
Hvar (Deka et al. 2008) with a substantially larger sample
and inclusion of several metabolic traits, in addition to the
phenotypes implicit in the definitions of the syndrome,
involved in the cascade of cardiovascular diseases and
impaired glucose metabolism. In all, data on 11 biochemical
traits, blood pressure and four anthropometric measure-
ments were obtained from over 1400 adult participants. The
homogenous genetic background of the population due to
limited population admixture (Martinovic et al. 1999),
similarly active lifestyles due to an agricultural subsistence
and predominantly Mediterranean diet (Smolej-Narancic
1999) were ideal to estimate the prevalence of metabolic
syndrome and other metabolic traits without the confound-
ing effects of population substructure and environmental
heterogeneity.

METHODS

Study participants and measurements
The study was conducted in the middle Dalmatian island of
Hvar on the eastern Adriatic coast of Croatia (Figure 1).
According to the 2001 census, the total population was
11,103 individuals, living in 24 settlements consisting of
21 villages and three townships. A non-probability study
sample was obtained by advertising through village officials
and community leaders. Although the participants com-
prised of volunteers, they are representative of the general
population of the island as the sample was drawn from eight
different villages with similar genetic background, lifestyle
and dietary patterns as described above (Martinovic et al.

1999; Smolej-Narancic 1999). Anthropometric data, blood
pressure measurements and blood samples were collected
from 1430 volunteers (602 men and 828 women) aged
18–97 years from eight settlements (Figure 1). After
excluding subjects below 20 years of age and those without
relevant demographic information, data on 1403 individuals
were included in computations of descriptive statistics of the
metabolic traits. Metabolic syndrome was assessed in a
sample of 1394 subjects who had complete data on all traits
for the ATPIII and IDF definitions. Additional data on
coronary heart disease, gout, diabetes, hypertension and
medication for any of these conditions were obtained
through a self-administered questionnaire, medical chart
review and clinical diagnostic data (e.g. measured fasting
plasma glucose over ATPIII or IDF cut points for diagnoses
of type-2 diabetes). Field work was conducted in two
seasons of May 2007 and May 2008. This study was
approved by the Ethics Committee of the Institute for
Anthropological Research in Zagreb, Croatia and the
Institutional Review Board of the University of Cincinnati.

Anthropometric measurements of height (Ht), weight
(Wt), waist circumference (WC) and hip circumference
(HC) were obtained following techniques described by
Weiner and Lourie (1981). Arterial blood pressure was
measured three times in a resting position using a mercury
sphygmomanometer; the second and the third measure-
ments were used to calculate mean systolic (SBP) and
diastolic (DBP) blood pressures. Blood samples were
collected after a 12-hour fast; serum was separated and
kept frozen until shipped for biochemical tests performed at
the clinically accredited biochemical laboratory, Labor
Centar, in Zagreb. Methods used were enzymatic hexokinase
assay CHOD-PAP for fasting plasma glucose (FPG),
homogeneous enzyme inhibition assay for high-density
lipoprotein (HDL), FRIEDWALD calculation for low-
density lipoprotein (LDL), photometric colour test
CHOD-PAP for total cholesterol (TC), photometric colour

Figure 1. Map of the island of Hvar in the Adriatic coast of Croatia
showing the locations of the study villages.
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test GPO-PAP for triglycerides (TG), chemiluminescence
immunoassay ECLIA for insulin, kinetic colorimetric Jaffe
method for serum creatinine, enzymatic colour test for
uric acid, Clauss method for fibrinogen, photometric colour
test with ARSENAZO for calcium and immuno-inhibition
assay for glycosylated haemoglobin (HbA1c).

ATPIII defines metabolic syndrome as the co-occurrence
of three or more of the following five risk factors: (i)
WC . 102 cm in men and . 88 cm in women; (ii)
TG $ 1.69 mmol/L; (iii) HDL , 1.03 mmol/L in men
and , 1.29 mmol/L in women; (iv) blood pressure
$ 130/85 mmHg; and (v) FPG $ 6.1 mmol/L. The IDF
definition includes central obesity as the core criterion
with population-specific cut points of WC ($94 cm for
men and $ 80 cm for women in Europeans) and two or
more of the following: (i) TG $ 1.69 mmol/L or treatment
for hypertriglyceridemia; (ii) HDL , 1.03 mmol/L in men
or , 1.29 mmol/L in women or treatment for hyper-
cholesterolemia; (iii) blood pressure $ 130/85 mmHg or
treatment for hypertension; and (iv) FPG $ 5.6 mmol/L
or treatment for T2D.

Data analysis
Descriptive statistics (mean and standard deviation) of all
traits were computed using SPSS software version 15.0.1.
Age-adjusted prevalence of metabolic syndrome and its
components were computed by using cut-offs of ATPIII and
IDF definitions. We calculated Pearson’s correlation
coefficients (point biserial correlation between a continuous
and dichotomous trait) between the quantitative traits
(adjusted for age, gender and their interaction term) and
metabolic syndrome. To test if metabolic components
cluster together more than expected by chance, we
compared the observed co-prevalence of the individual
metabolic syndrome components to the expected distri-
bution following the procedures introduced by Vaidya et al.
(2007). Briefly, the observed co-prevalence of metabolic
components was calculated as the proportion of the samples
with 0–5 co-existing components, which was compared to
the expected co-prevalence of 0–5 components based on the

marginal prevalence of each individual component under

the assumption of independence. The two distributions

were compared using a chi-square statistic. Data on self-

reported coronary heart disease, gout, diabetes and

hypertension including self-reported medication for any of

these were collected from the subjects. In addition, subjects

with FPG $ 7.0 mmol/L or HbA1c $ 6.5% were considered

diabetic and those with SBP $ 140mmHg or DBP $ 90

mmHg were considered hypertensive. Odds ratios using

age-adjusted values were calculated for these diseases with

ATPIII and IDF diagnosed metabolic syndrome.

Table I. Descriptive statistics (mean ^ SD) of phenotypic traits in men,
women and total subjects.

Men
(n ¼ 598)

Women
(n ¼ 805) p

Total
(n ¼ 1403)

Age (years) 56.3 ^ 15.8 54.6 ^ 15.7 n.s. 55.3 ^ 15.8
Ht (m) 1.78 ^ 0.07 1.64 ^ 0.07 ,0.0001 1.70 ^ 0.10
Wt (kg) 87.8 ^ 13.0 72.7 ^ 12.5 ,0.0001 79.1 ^ 14.7
WC (cm) 99.7 ^ 9.8 90.6 ^ 12.5 ,0.0001 94.5 ^ 12.3
HC (cm) 103.4 ^ 7.5 104.7 ^ 10.3 ,0.001 104.2 ^ 9.2
BMI (kg/m2) 27.8 ^ 3.5 27.0 ^ 4.6 ,0.001 27.3 ^ 4.2
WHR 0.96 ^ 0.06 0.86 ^ 0.07 ,0.0001 0.91 ^ 0.08
FPG (mmol/L) 6.2 ^ 1.4 5.8 ^ 1.3 ,0.0001 6.0 ^ 1.3
HDL (mmol/L) 1.30 ^ 0.33 1.53 ^ 0.41 ,0.0001 1.43 ^ 0.39
LDL (mmol/L) 3.60 ^ 1.01 3.80 ^ 1.05 ,0.001 3.71 ^ 1.03
TC (mmol/L) 5.7 ^ 1.2 6.0 ^ 1.2 ,0.0001 5.8 ^ 1.2
TG (mmol/L) 1.72 ^ 1.33 1.37 ^ 0.81 ,0.0001 1.52 ^ 1.08
SBP (mmHg) 136 ^ 20 130 ^ 24 ,0.0001 133 ^ 23
DBP (mmHg) 84 ^ 9 80 ^ 10 ,0.0001 82 ^ 10
Ins (mIU/mL) 10.73 ^ 7.51 10.88 ^ 7.55 n.s. 10.82 ^ 7.53
Cre (mmol/L) 98 ^ 19 79 ^ 13 ,0.0001 87 ^ 19
UA (mmol/L) 360 ^ 79 265 ^ 77 ,0.0001 306 ^ 91
Fib (g/L) 3.6 ^ 1.3 4.0 ^ 1.4 ,0.0001 3.8 ^ 1.4
Ca (mmol/L) 2.38 ^ 0.13 2.38 ^ 0.12 n.s. 2.38 ^ 0.13
HbA (%) 5.7 ^ 0.9 5.8 ^ 0.9 n.s. 5.8 ^ 0.9

Ht, height; Wt, weight; WC, waist circumference; HC,
hip circumference; BMI, body mass index (Wt in kg/Ht in m2);
WHR, waist-to-hip ratio (WC/HC); FPG, fasting plasma glucose;
HDL, high-density lipoprotein cholesterol; LDL, low-density lipopro-
tein cholesterol; TC, total cholesterol; TG, triglycerides; SBP, systolic
blood pressure; DBP, diastolic blood pressure; Ins, insulin; Cre,
creatinine; UA, uric acid; Fib, fibrinogen; Cal, calcium; HbA,
glycosylated haemoglobin.

Table II. Age-adjusted prevalence (% ^ SE) of metabolic syndrome and its components by ATPIII and IDF criteria.

Men (n ¼ 595) Women (n ¼ 799) p Total (n ¼ 1394)

Abdominal obesity, WC (ATPIII)a 31.1 ^ 2.0 45.7 ^ 2.2 ,0.001 39.5 ^ 1.5
Abdominal obesity, WC (IDF)b 61.7 ^ 3.0 69.3 ^ 2.8 n.s. 66.1 ^ 2.0
Elevated fasting glucose (ATPIII)c 29.4 ^ 1.9 16.6 ^ 1.2 ,0.0001 21.7 ^ 1.1
Elevated fasting glucose (IDF)d 58.8 ^ 2.9 38.6 ^ 2.0 ,0.0001 46.6 ^ 1.7
Low HDL cholesterol (ATPIII)e 20.2 ^ 1.9 28.0 ^ 1.9 ,0.05 24.8 ^ 1.4
Low HDL cholesterol (IDF)f 20.4 ^ 1.9 28.1 ^ 1.9 ,0.05 24.9 ^ 1.4
Elevated triglycerides (ATPIII)g 37.9 ^ 2.6 18.2 ^ 1.3 ,0.0001 25.8 ^ 1.3
Elevated triglycerides (IDF)h 41.3 ^ 2.6 22.4 ^ 1.4 ,0.0001 29.7 ^ 1.3
Hypertension (ATPIII)i 52.5 ^ 2.7 37.8 ^ 1.8 ,0.01 43.6 ^ 1.5
Hypertension (IDF)j 54.3 ^ 2.7 38.5 ^ 1.9 ,0.001 44.6 ^ 1.5
Metabolic syndrome (ATPIII)k 28.3 ^ 2.0 23.2 ^ 1.4 n.s. 25.0 ^ 1.2
Metabolic syndrome (IDF)l 42.9 ^ 2.4 35.9 ^ 1.8 n.s. 38.5 ^ 1.4
a men, .102 cm; women, .88 cm; b men, $94 cm; women, $80 cm; c $6.1 mmol/L; d $5.6 mmol/L or previously diagnosed type 2 diabetes;
e men, ,1.04 mmol/L; women, ,1.29 mmol/L; f as e or specific treatment for hypoalphalipoproteinemia; g $1.69 mmol/L; h as g or specific treatment for

hypertriglyceridemia; i systolic blood pressure $130 mmHg or diastolic blood pressure $85 mmHg; j as i or treatment of previously diagnosed hypertension;
k any three of a, c, e, g, and i; l is b plus any two of d, f, g and j. n.s.: not significant.
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RESULTS

Descriptive statistics of the 19 phenotypic traits are
summarized in Table I. The mean age was similar in men
and women (56.3 and 54.6 years, respectively). Mean values
of the majority of traits, however, differed significantly
between the genders with the exceptions of insulin, calcium
and HbA1c. Men had significantly higher mean values of Ht,
Wt, WC, BMI, WHR, FPG, TG, SBP, DBP, creatinine and
uric acid. Average HC, HDL, LDL, TC and fibrinogen levels
were significantly higher in women. The mean WC in
women was above the normal ATPIII and IDF cut-off values,
while in men it exceeded only the IDF cut-off. Although
mean BMI in both genders did not exceed the obesity
threshold ($30 kg/m2), it fell in the overweight range
(25–29.9 kg/m2). In both genders, mean FPG, HDL and TG
levels were within the normal ranges (see legend of Table II
for threshold values). With respect to blood pressure, only
mean SBP was higher than normal (#130 mmHg) in men.

Age-adjusted prevalence of metabolic syndrome and the
individual components defined by ATPIII and IDF are
shown in Table II. Abdominal obesity measured by WC was
highly prevalent, 39.5% by ATPIII and 66.1% by IDF in the
total sample; women had higher rates than men. Prevalence
of elevated FPG was over 2-fold higher by the IDF standard
(46.6%) compared to the ATP-III standard (21.7%) with the
rates being significantly higher in men. Women had a
significantly higher prevalence of low HDL than men by
both definitions (28% vs 20%); whereas elevated TG and
hypertension were significantly higher in men than in
women according to both definitions. Overall 43.6% and
44.6% of the subjects were hypertensive based on ATPIII and
IDF criteria, respectively. The prevalence of metabolic
syndrome was 25% and 38.5% by ATPIII and IDF
definitions, respectively. Although men had somewhat

higher prevalence of metabolic syndrome, the difference
between genders was not significant.

In the total sample (n ¼ 1394), 32.7% (n ¼ 456) of
the participants had metabolic syndrome by both ATPIII
and IDF criteria, with similar rates of 33.3% and 32.3%
among men and women, respectively (Figure 2). Only
12 men (2% among men and 0.9% overall) met the
ATPIII criteria alone (not showing the syndrome by IDF
criteria); while a larger fraction (21.5% of men and 16.0% of
women, 18.4% of the total sample) showed the syndrome
only by the IDF definition.

We calculated the expected co-prevalence (a multi-
nomial distribution ranging from 0–5) of the metabolic
syndrome traits for both IDF and ATPIII (Figure 3); in
the IDF analysis WC was considered as an independent
component trait instead of it being a core requirement.
The observed distribution of trait co-prevalence under the
assumption of independence was significantly different
from the expected prevalence ( p , 0.0001 for all com-
parisons). For both IDF and ATPIII, co-prevalence of four
and five traits was observed more frequently than expected
in both men and women. A higher-than-expected frequency
of zero components was observed in both definitions.

In addition to the defined metabolic syndrome
components, we collected data on three anthropometric
measurements (Ht, Wt and HC) and eight biochemical

Figure 3. Expected and observed co-prevalence of the components of
metabolic syndrome by ATPIII (a) and IDF (b) definitions.

Figure 2. Venn diagrams of crude prevalence of metabolic syndrome by
ATPIII and IDF definitions.
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traits (LDL, TC, insulin, creatinine, uric acid, fibrinogen,
calcium and HbA1c). The mean values of these traits are
given in Table I and their age-adjusted prevalence rates
above normal cut points (reference ranges for the
biochemical traits used in the biochemistry laboratory are
based on clinical standards for Croatian populations)
and are shown in Table III. Markedly high prevalence of
elevated levels of HDL (71.3%), total cholesterol (70.8%)
and fibrinogen (46.3%) were observed.

Since the studied traits are known to be involved
in cardiovascular disease risks and insulin resistance,
we calculated Pearson’s correlation coefficients (equivalent
to point biserial correlation between a binary outcome
and continuous trait) to indicate the strength of asso-
ciation between each of the quantitative measures and
metabolic syndrome diagnosed as a binary trait by
ATPIII and IDF (Table IV). Both definitions of metabolic
syndrome correlated strongly with each other (r ¼ 0.66,
p , 2.2 £ 10 2 16), corroborating the substantial over-
lap between the definitions as noted above (Figure 2).

As expected, the measures included in the definitions
(WC, TG, HDL, SBP/DBP, FPG) and the related metabolic
parameters (i.e. other fatness measures, HbA1c) were
significantly associated with metabolic syndrome defined
by both ATPIII and IDF. Correlations of the traits not
included in the definitions could be accounted for by the
corresponding metabolic syndrome measures. For example,
the association between HbA1c and metabolic syndrome
could be explained by using FPG as a covariate; and the
association between body fatness measures could be
explained by including WC in the model. Insulin and uric
acid also showed strong associations with the syndrome;
their signals, however, could not be completely explained by
other metabolic syndrome measures, which suggest that
insulin and uric acid are likely independently involved in
the development of the syndrome. TC, LDL, Ht, calcium
and fibrinogen also showed correlations with one or both
definitions. There was no observable trend of gender-
specific associations of the traits with the syndrome defined
by either ATPIII or IDF criteria.

With self-reported disease history, medical review and
clinical diagnostic data on the prevalence of four metabolic
diseases in our study population (Table V), we performed
a preliminary analysis of their risks associated with the
syndrome (Table VI). In the total population of 1,403
individuals, the overall prevalence of coronary heart disease,
diabetes, gout and hypertension were 9.3%, 17.2%, 5.1%
and 53.2%, respectively. The odds ratios for each of these
four diseases with metabolic syndrome defined by both
ATPIII and IDF criteria were significant, which indicated
increased risk of cardiovascular-related diseases associated
with the syndrome.

DISCUSSION

Although there is consensus that metabolic syndrome is a
co-occurrence of abdominal obesity, carbohydrate intole-
rance, dyslipidemia and hypertension, the syndrome’s
definition has varied in the specific requirements of
component traits and their cut-off values (World Health
Organization 1999; National Institutes of Health 2001;
Grundy et al. 2005). In this study we have provided an
empirical comparison of data on metabolic syndrome
and its components derived from a relatively isolated
homogeneous population based on the ATPIII and IDF

Table III. Age-adjusted prevalence (% ^ SE) of metabolic abnormalities not included in the definitions of metabolic syndrome.

Men (n ¼ 598) Women (n ¼ 805) P Total (n ¼ 1403)

BMI (kg/m2): $ 25.0 74.3 ^ 3.4 54.1 ^ 2.4 ,0.001 62.1 ^ 2.0
BMI (kg/m2): . 30.0 21.1 ^ 1.8 18.7 ^ 1.4 n.s. 19.5 ^ 1.1
WHR: . 0.90 (M); . 0.85 (W) 78.6 ^ 3.5 54.2 ^ 2.5 ,0.0001 64.0 ^ 2.0
LDL (mmol/L): . 3.00 72.2 ^ 3.5 71.2 ^ 2.8 n.s. 71.3 ^ 2.2
Cholesterol (mmol/L): . 5.00 71.4 ^ 3.4 70.9 ^ 2.8 n.s. 70.8 ^ 2.2
Insulin (mIU/mL): . 24.90 4.0 ^ 0.8 4.1 ^ 0.7 n.s. 4.0 ^ 0.5
Creatinine (mmol/L): . 125 (M); . 107 (W) 3.6 ^ 0.6 2.2 ^ 0.4 n.s. 2.8 ^ 0.4
Uric acid (mmol/L): . 403 (M); . 337 (W) 23.7 ^ 1.9 10.3 ^ 0.9 ,0.0001 15.6 ^ 0.9
Fibrinogen (g/L): . 3.5 38.5 ^ 2.4 51.7 ^ 2.4 ,0.01 46.3 ^ 1.7
Calcium (mmol/L): . 2.53 10.1 ^ 1.5 7.2 ^ 0.9 n.s. 8.3 ^ 0.8
HbA1c (%): . 6.0 14.1 ^ 1.3 15.4 ^ 1.2 n.s. 14.9 ^ 0.9

Table IV. Correlation of quantitative metabolic traits with metabolic
syndrome defined by ATPIII and IDF criteria.

Men Women Total

ATPIII IDF ATPIII IDF ATPIII IDF

WC 0.472 0.479 0.451 0.427 0.456*** 0.443***
TG 0.429 0.292 0.460 0.364 0.429*** 0.312***
HDL 20.319 20.236 20.324 20.245 20.319*** 20.240***
SBP 0.170 0.146 0.279 0.304 0.233*** 0.238***
DBP 0.242 0.187 0.245 0.290 0.244*** 0.246***
FPG 0.238 0.193 0.367 0.302 0.309*** 0.253***
Ht 0.095 0.083 0.075 0.094 0.084* 0.089*
Wt 0.427 0.408 0.381 0.348 0.401*** 0.373***
BMI 0.454 0.437 0.379 0.336 0.404*** 0.370***
HC 0.363 0.354 0.341 0.327 0.345*** 0.333***
WHR 0.293 0.328 0.304 0.290 0.298*** 0.303***
HbA 0.140 0.111 0.249 0.166 0.201*** 0.142***
Ins 0.376 0.296 0.339 0.291 0.355*** 0.292***
LDL 0.031 0.069 0.077 0.083 0.057 0.076*
TC 0.158 0.156 0.101 0.098 0.126** 0.123**
Ca 0.031 0.056 0.089 0.119 0.064 0.092*
Cre 0.078 0.037 0.056 0.053 0.067 0.044
UA 0.227 0.200 0.289 0.243 0.261*** 0.223***
Fib 0.086 0.053 0.073 0.098 0.078* 0.079*
ATPIII 1.000 0.585 1.000 0.716 1.000 0.659***

* Correlation is significant at the 0.01 level (2-tailed); ** Correlation is
significant at the 0.0001 level (2-tailed); *** Correlation is significant at
the 0.000001 level (2-tailed).
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guidelines and evaluated the association between additional

metabolic traits, cardiovascular diseases and metabolic

syndrome. Our study population is comprised of volunteers

from the island of Hvar; therefore the sample may differ

from the general, non-volunteer population. The overall

population, however, experiences a relatively homogeneous

lifestyle and environmental exposures, reducing the

potential bias introduced by our sampling strategy.
Approximately 33% of the subjects could be classified as

metabolic syndrome cases by both definitions (Figure 2). Of

the subjects whose metabolic syndrome status was discrete

by these two definitions, an overwhelming majority

belonged to the IDF defined category (95.5%, 256 out of

268 subjects meeting either ‘ATPIII only’ or ‘IDF only’

criteria), which was a consistent finding in both genders.

This discordance could be explained by (1) the core

requirement of abdominal obesity and (2) lower cut-offs for

WC and elevated FPG in the IDF definition. Together these

resulted in a substantially higher proportion of subjects with

obesity and elevated FPG in the IDF category compared to

ATPIII (66.1% vs 39.5% for abdominal obesity and 46.6% vs

21.7% for elevated FPG). Further, ATPIII takes into

consideration only the measured clinical chemistry values,

whereas IDF includes both observed trait measures and

treatment history. These observations are in agreement with

previously published reports indicating that IDF is a more

inclusive definition of the syndrome compared to ATPIII
(Ford 2005; Nilsson et al. 2007; Boronat et al. 2009).
Therefore, while IDF diagnosis captures more individuals
with metabolic syndrome, ATPIII diagnosis detects individ-
uals with more severe metabolic abnormalities.

Under the assumption of trait independence, we found
the expected distribution of co-prevalence of the metabolic
syndrome components in our study population is
significantly different from the predicted distribution
(Figure 3). In general, the tails of distributions (0–1 and
4–5 traits) were heavier than the mid-range (2–3 traits).
The observed non-random deviation from the expected
distributions, which were significant in both genders
according to both criteria, indicated mutual dependence
and clustering of the components. Vaidya et al. (2007) also
reported similar non-random clustering of metabolic traits
(higher-than-expected frequency of 0–1 and 4–5 co-
prevalent traits) according to ATPIII. This non-indepen-
dence indicates that, once an individual has developed any
of the traits involved in metabolic syndrome, a domino
effect ensues and the syndrome progresses to greater
severity, involving four-to-five of the diagnostic traits.

Although the primary objective of this study was to
estimate the prevalence of metabolic syndrome and to
provide a comparative analysis of the two prevalent
definitions, we also measured a number of additional traits
that are involved in the cascade of cardiovascular diseases and
insulin resistance. The majority of the quantitative traits were
strongly associated with metabolic syndrome diagnosed by
either definition. In particular, the body fatness measures
(Wt, BMI, WC, HC, WHR) emerged as strong contributors
to the state of metabolic syndrome. Abdominal obesity has
been recognized as an independent predictor of cardiovas-
cular disease risk and altered metabolic profile (Despres and
Lemieux 2006; de Koning et al. 2007). Consequently, WC was
incorporated as the essential criterion in IDF definition
(Alberti et al. 2005). In our population, WC had by far the
strongest correlation with the syndrome; r ¼ 0.456 and 0.443
for ATPIII and IDF, respectively. Association between the
body fatness measures, not included in the definitions, and
metabolic syndrome could be accounted for by including WC
as a covariate. These observations corroborate that WC is the
most integral measure of obesity in the definitions of the
syndrome. Among the biochemical traits, FPG, HbA1c,
HDL, TG, insulin and uric acid showed strong associations

Table V. Crude prevalence (% ^ SE) of metabolic syndrome related
diseases in men, women, and total subjects.

Metabolic
disease

Men
(n ¼ 598)

Women
(n ¼ 805) p

Total
(n ¼ 1403)

Coronary heart
diseasea

9.0 ^ 1.2 9.6 ^ 1.0 0.7326 9.3 ^ 0.8

Diabetesb 19.6 ^ 1.6 15.4 ^ 1.3 0.0439 17.2 ^ 1.0
Goutc 8.7 ^ 1.2 2.4 ^ 0.5 , 0.0001 5.1 ^ 0.6
Hypertensiond 58.0 ^ 2.0 49.7 ^ 1.8 0.0019 53.2 ^ 1.3
a Self-reported coronary heart disease (answered ‘yes’ to question ‘do you

have coronary heart disease’ or provided information for year diagnosed

and/or medication for this disease). b Self-reported diabetes (answered ‘yes’

to question ‘do you have diabetes’ or provided information for year

diagnosed and/or medication for this disease), or measured FPG $ 7.0

mmol/L, or measured HbA1c $ 6.5%. c Self-reported gout (answered ‘yes’

to question ‘do you have gout’ or provided information for year diagnosed

and/or medication for this disease). d Self-reported hypertension (answered

‘yes’ to question ‘do you have hypertension’ or provided information

for year diagnosed and/or medication for this disease), or measured

SBP $ 140 mmHg, or DBP $ 90 mmHg.

Table VI. Odds ratio for metabolic syndrome-related diseases in men and women.

Men (n ¼ 598) Women (n ¼ 805)

Metabolic disease ATPIII IDF ATPIII IDF

Coronary heart diseasea 2.51 (1.43–4.40) 2.52 (1.35–4.70) 4.05 (2.49–6.58) 5.46 (3.03–9.84)
Diabetesb 3.45 (2.28–5.23) 3.06 (1.95–4.82) 8.81 (5.70–13.63) 6.73 (4.13–10.97)
Goutc 3.00 (1.69–5.34) 3.73 (1.86–7.49) 3.65 (1.46–9.15) 3.83 (1.33–11.05)
Hypertensiond 3.96 (2.71–5.80) 5.52 (3.88–7.86) 9.34 (6.47–13.50) 11.19 (8.06–15.54)
a Self-reported coronary heart disease (answered ‘yes’ to question ‘do you have coronary heart disease’ or provided information for year diagnosed and/or

medication for this disease). b Self-reported diabetes (answered ‘yes’ to question ‘do you have diabetes’ or provided information for year diagnosed and/or

medication for this disease) or measured FPG $ 7.0 mmol/L, or measured HbA1c $ 6.5%. c Self-reported gout (answered ‘yes’ to question ‘do you have gout’

or provided information for year diagnosed and/or medication for this disease). d Self-reported hypertension (answered ‘yes’ to question ‘do you have

hypertension’ or provided information for year diagnosed and/or medication for this disease) or measured SBP $ 140 mmHg or DBP $ 90 mmHg.
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with metabolic syndrome. Although insulin and uric acid
are not included in the definitions, their independent
associations with metabolic syndrome warrant further
investigation. The correlation of uric acid is notable as
several studies have shown it to be associated with metabolic
syndrome and cardiovascular risk factors (Culleton et al.
1999; Coutinho et al. 2007). Of interest, gout (a consequence
elevated uric acid) was recognized as a key component in one
of the earliest descriptions of the cluster of CVD risk factors
by Eskil Kylin in 1923 (c.f. Eckel et al. 2005). Insulin has
repeatedly been associated with risk for atherosclerosis and
the components of metabolic syndrome (Hanson et al. 2002;
McLaughlin et al. 2003).

According to reference ranges used in the clinical
biochemistry laboratory in Zagreb (Table III), a sizeable
fraction of the study population were found with elevated
levels of LDL (71.3%) and TC (70.8%). These, together with
high prevalence of low HDL and elevated TG levels
(Table II), indicate significant risk for dyslipidemia. We also
found a high prevalence of abnormal fibrinogen levels, a
marker of inflammation, above the normal cut point
(46.3%). Elevated levels of fibrinogen have been implicated
in increased risk for cardiovascular diseases (The Fibrinogen
Studies Collaboration 2007; Kressel et al. 2009). Both LDL
and fibrinogen, however, were weakly correlated with
metabolic syndrome in our study (Table IV).

A substantial body of data confirms metabolic syndrome
as a major determinant of CVD and T2D (Hanson et al.
2002; Lakka et al. 2002; Eckel et al. 2005; Galassi et al. 2006),
although there is also considerable controversy over the
contribution of MetS to cardiovascular disease risk above
any of the individual components (Kahn et al. 2005; Reaven
2006; Eddy et al. 2008; Lee et al. 2008). More recently,
questions have been raised about the utility of metabolic
syndrome in clinical practice and epidemiological studies
(Eckel et al. 2010; Simmons et al. 2010). Although we were
unable to address the question of causality between
metabolic syndrome and the four diseases, we found
significant odds ratios for each of them with both ATPIII
and IDF definitions, indicating a high co-occurrence of the
syndrome and cardiovascular diseases. Due to the cross-
sectional nature of this study, morbidity of these diseases
was evaluated by prevalence rather than incidence (age of
disease onset was unknown). In this study, we have
evaluated additional metabolic traits, not included in the
definitions, which are otherwise involved in cardiovascular
disease risk and insulin resistance.

The Croatian islanders are characterized by a high
prevalence of obesity and metabolic abnormalities consti-
tuting metabolic syndrome. Although the overall prevalence
of general obesity (BMI $ 30 kg/m2) was modest at 19.5%,
overweight (BMI $ 25 kg/m2) was highly prevalent at
62.1%. Central obesity measured by both WHR and WC
was highly prevalent and strongly correlated with metabolic
syndrome diagnosed by both ATPIII and IDF criteria. This
indicates that central fat accumulation is integral in the
development of metabolic syndrome and the associated
cardiovascular risk factors in this Adriatic population.

Further, in our study population, men and women with
metabolic syndrome were at elevated risk for coronary heart
disease, diabetes, gout and hypertension, highlighting the
significant morbidity of the metabolic components.
Previous studies in the Adriatic islands reported similarly
high rates of obesity, hypertension and other metabolic
diseases (Smolej-Narancic and Zagar 2000; Rudan et al.
2003; Pukarin-Cvetkovic et al. 2006; Kolcic et al. 2006). In a
population adhering to an active and traditional lifestyle and
Mediterranean diet, these observations necessitate further
studies and longitudinal investigations to determine unique
metabolic characteristics that may offer explanations for the
markedly high prevalence of metabolic syndrome and its
components.
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