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A B S T R A C T

Metabolic syndrome presents a significant public health problem today, in Croatia as well as the rest of the world,

considering the fact that the World Health Organization classifies its diagnostic criteria, such as high blood pressure

and obesity, among ten major risk factors for health. The research of the prevalence of metabolic syndrome among the in-

habitants of the island of Cres included a total of 385 adult subjects, 249 women and 136 men. The incidence of metabolic

syndrome in two subpopulations of the inhabitants: the inhabitants of the town of Cres (urban population) and the inhab-

itants of other settlements (rural population), was analysed. The incidence of metabolic syndrome among the inhabitants

of the island of Cres was determined according to definitions of the WHO (World Health Organization) and the NCEP-

-ATP III program (National Cholesterol Education Program – Third Adult Treatment Panel III). It was established that

the overall prevalence of metabolic syndrome on the island of Cres was 14% according to the WHO definition (20.6% in

men and 10.4% in women) and 24.9% according to the NCEP-ATP III definition (33.1% in men and 20.5% in women).

The study also showed that the prevalence of risk factors for developing metabolic syndrome and complex diseases was

much higher among the subjects from other settlements than among the subjects from the town of Cres, a consequence of

age and a lifestyle with lack of physical activity.
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Introduction

Metabolic syndrome is a condition where a group of
metabolic disorders such as abdominal obesity, low con-
centration of high density lipoproteins, elevated concen-
tration of triglycerides, high blood pressure and hyper-
glycaemia, occur together1. Individuals with metabolic
syndrome more often than healthy individuals develop
cardiovascular disease and type 2 diabetes. For these rea-
sons, and also due to its increasing prevalence not only in
developed but also in developing countries, metabolic
syndrome presents very serious public health problem in
the 21st century2. In developed European countries and
USA, the prevalence of metabolic syndrome accounts for
one third of adult population3–6.

Environmental factors such as unhealthy diet, to-
bacco use, sedentary lifestyle, hereditary and many other
factors, interreacting mutually, have impact on the devel-
opment of the disease2,7. Still, obesity, especially the ab-

dominal type, is considered to be the primary risk factor
for developing metabolic syndrome8,9.

Today, there are number of definitions and classifica-
tions of metabolic syndrome1. In our research, we applied
the definitions of the WHO (World Health Organization)
and the NCEP program (National Cholesterol Education
Program – Third Adult Treatment Panel III), but it
should be mentioned that, when applying the definition
of metabolic syndrome according to WHO, fasting blood
sugar concentrations above 6.1 mmol/L or type 2 diabe-
tes were taken as an obligatory criterion.

The majority of prospective cohort studies conducted
in European countries and USA, included in meta-analy-
ses, established the prevalence of metabolic syndrome,
according to the NCEP-ATP III definition, which in gen-
eral population ranged from 23% to 46%, with different
shares of risk factors for cardiovascular disease10.
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The increasing prevalence of metabolic syndrome
around the world is undoubtedly the consequence of the
global epidemic of obesity11,12 and the fact that the preva-
lence of metabolic syndrome is on the increase among
children and adolescents is also concerning13.

The lowest prevalence of metabolic syndrome was
registered in Japan and, according to the WHO defini-
tion, amounted to 3.4% for men and 2.5% for women, ac-
cording to the NCEP definition 8.1% for men and 9.9%
for women, and according to the IDF definition 7.5% for
men and 11.3% for women14.

Studies of the prevalence of metabolic syndrome in
Croatia, although not abundant, surely deserve atten-
tion. The studies by Kol~i}, Vuleti}, Markovi}, Deka,
Tucak-Zori} et al. are particularly significant. Thus Kol-
~i} et al. investigated the prevalence of metabolic syn-
drome on the Adriatic islands: Rab, Vis, Lastovo, Mljet15.

The prevalence of metabolic syndrome among the
adult population of Adriatic islands was 34% (25% in the
town of Rab and 52% on the Mljet Island). In the re-
search, the NCEP definition was applied and a BMI �30
kg/m² was taken as the obesity criterion. Higher preva-
lence of metabolic syndrome was registered in women
(39%) than in men (28%).

On the island of Vis, the prevalence of 34% was regis-
tered in the town of Vis and of 33% in Komi`a, whereas
on the Lastovo Island the prevalence was 30%. Regard-
ing the presence of the components of metabolic syn-
drome in this meta-population study, low concentration
of HDL cholesterol was most common (72%), followed by
increased arterial pressure (60%), whereas the other
components were present with less than 30%15.

In the research of the prevalence of metabolic syn-
drome among the population of the island of Hvar ac-
cording to the NCEP criteria (BMI as obesity criterion
was taken as a predictor) the prevalence was 26% in the
overall population (32% in men and 24% in women).
When waist-to-hip ratio was taken as a predictor, the
prevalence of metabolic syndrome was higher, amount-
ing to 42% (57% in men and 36% in women) in overall
population16.

Very significant was a study conducted on a sample
from the mainland Croatia, including Croats, Hungari-
ans and Serbs from the Baranja region. Despite the fact
that, contrary to previously studied island populations,
the inhabitants in this part of Croatia were not reproduc-
tively isolated, and were also ethnically heterogeneous, it
was determined that lifestyles in both parts of Croatia
were similar, which also had an effect on similar inci-

dence of metabolic syndrome and its high overall preva-
lence. According to the WHO criteria, the incidence in
men was 26% and in women 38%, whereas according to
the NCEP criteria, the prevalence in men amounted to
no less than 84% and in women to 71%17.

Sample and Methods

Aim of research

The island of Cres, together with islands of Krk, Mali
Lo{inj and Rab, falls into the group of Northern Adriatic
islands. It covers a surface of 405.78 km2, with the coast
of 247.7 km, which makes it the largest Adriatic island.
According to the census of 2001, the island of Cres has
3.184 inhabitants and the population density of 8.6 in-
habitants per km2 18. The biggest settlement, and also the
main administrative centre, is the town of Cres with
2.333 inhabitants, which accounts for 73.3% of the total
Island’s population.

Despite its geographical vicinity to the mainland, the
island of Cres has kept all the characteristics of an island
isolate, not only in geographical, but also in socio-cul-
tural sense. Like the majority of Adriatic islands, it has
undergone a large emigrant wave in the last century that
up to present day was not accompanied by a parallel in-
flux of settlers. Although in the middle of the last cen-
tury the island of Cres was left by nearly two thirds of its
inhabitants, compared to the other densely populated
Adriatic islands, it has one of the highest rates of the
autochthonous population share in the total number of
inhabitants19.

Methods and subjects

Our research is a cross-sectional study on a sample of
adult inhabitants of the island of Cres. Prior to the begin-
ning of the research, the inhabitants of Cres were in-
formed about and invited to take part in the research by
their chosen primary health care practitioners, munici-
pal authorities, community offices, parish offices and
public media. Few days before the beginning of the re-
search, subjects had the opportunity to get written and
oral instructions on type, procedures and scope of the
foreseen tests in the office of chosen practitioner. Sub-
jects who agreed to participate were administered a ques-
tionnaire containing genealogical data, which they had to
complete and bring along in order to enter the research.
When they were handed over the materials, subjects
were given instructions on the required conduct and diet
before taking part in the research. The research included
385 subjects, 201 from the town of Cres region and 184
inhabitants of the neighbouring settlements (Table 1).

The research was conducted during the November
and December 2007. It took place in primary health care
offices of the Health Centre Mali Lo{inj of Primorsko-
-Goranska County in Cres, Martin{~ica and in the pre-
mises specially arranged and equipped for this research
in community offices in Orlec, Beli, Osor and Valun. Data
collecting, completing of questionnaires, anthropometric

M. Kabalin et al.: Metabolic Syndrome on Cres, Coll. Antropol. 36 (2012) 3: 745–754

746

TABLE 1
THE GROUP DISTRIBUTION OF EXAMINEES

Domicile N %

Town of Cres 201 (52.2)

Other settlements 184 (47.8)

Total 385 (100.0)
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measurements and blood sampling were carried out by
highly educated health care and scientific staff of the
Rijeka School of Medicine, Health Centre of Primor-
sko-Goranska County, Institute for Anthropological Re-
search – Zagreb and Clinical Hospital Centre Rijeka.

Distribution of inhabitants according to domicile and
gender is shown in Figure 1.

At arrival, in the morning hours, blood samples were
taken from subjects for biochemical tests. After the blood
sampling, anthropometric measurements were perfor-
med, blood pressure was measured and detailed anamne-
stic data on chronic and previous diseases were collected.

Biochemical tests were performed using standard lab-
oratory methods in biochemical laboratory of the Clinical
Hospital Centre in Rijeka and in haematological-bio-
chemical laboratory of the Health Centre of Primorje-
-Gorski kotar County in Mali Lo{inj. Biochemical tests
including: fasting blood glucose (FBG), total cholesterol,
LDL cholesterol, HDL cholesterol and triglycerides were
done. Subjects had increased values of biochemical pa-
rameters if their levels of fasting glucose were above 6.1
mmol/L, of total cholesterol above 5.2 mmol/L, LDL cho-
lesterol above 4.1 mmol/L, HDL cholesterol in men below
0.9 mmol/L, in women below 1.0 mmol/L and serum tri-
glycerides above 1.7 mmol/L.

Metabolic syndrome was defined according to the
WHO diagnostic criteria (27) and the NCEP-ATP III
definition20.

Anthropometric measurements were performed using
standard techniques and guidelines of the Institute for
Anthropological Research21–23. The following anthropo-
metric measures were included in the analysis: height,
body weight, waist and hip circumference. Body mass in-
dex (BMI) measure was derived from anthropometric
variables of body height and weight, and waist-to-hip ra-
tio measure was derived from anthropometric variables
of waist and hip circumference. According to BMI, sub-
jects were classified in three groups: normal (BMI up to
25 kg/m2), overweight (BMI 25–30 (kg/m2) and obese
(BMI >30 (kg/m2) (27.29). Waist circumference, as a pre-
dictor of abdominal (or central) obesity, was categorised
as increased if it exceeded 102 cm in men and 88 cm in

women. Waist-to-hip ratio variable was derived from
anthropometric measures of waist and hip circumfer-
ence. Waist-to-hip ratio was categorised as increased if it
was 0.9 and higher in men and 0.85 and higher in
women.

Two arterial blood pressure measurements were per-
formed at an interval of five minutes. In both instances
the systolic and diastolic blood pressures were recorded.
Measurements of arterial pressure were performed using
a mercury manometer and adjusted cuff. Subjects had
first measurement of arterial blood pressure after sitting
for ten minutes in a quiet room.

Statistical data processing

Statistical analysis covered a description of all vari-
ables included in the research. Quantitative variables
were represented by distributions of absolute and rela-
tive frequencies. Depending on data distribution, contin-
uous variables were represented by arithmetic mean and
standard deviation or median and interquartile range.

Numerical variables were tested for normality of dis-
tribution using the Kolmogorov-Smirnov test. To test the
differences between the groups of numerical variables,
parametric tests (t-test, ANOVA...) were used in the case
of normal distribution, and non-parametric tests (Mann-
-Whitney U or Kruskal-Walis) in the case of deviation
from normal distribution. Distributions were presented
using graphs and tables.

For the comparison of nominal categorical variables,
÷2-test and Fisher’s exact test were used. For the compar-
ison of ordinal categorical variables, Mann-Whitney U or
Kruskal-Wallis test were used.

For the associations between nominal output vari-
ables, multiple logistic regression was used, by which ad-
justed odds ratios were calculated. For the associations
between numerical variables, parametric and non-para-
metric coefficients of correlation were used (Pearson or
Spearman test). The level of statistical significance for
this research was determined as á=0.05. Data processing
was performed using program package Stata ver 11.

Results

Gender and age are known to be significant factors for
the development of a number of chronic diseases. There-
fore, pursuant to the objectives of this research, we per-
formed the analysis of the aforementioned demographic
parameters for the inhabitants of the town of Cres,
neighbouring settlements and overall analysed popula-
tion.

The analysis of age structure showed the existence of
an age difference between the subjects from the town of
Cres and other settlements. The results of the Kolmogo-
rov-Smirnov test showed that the age was not distrib-
uted according to normal distribution (p=0.014).

Median age value for the subjects from the town of
Cres was 52 years compared to 65 years in the neigh-
bouring settlements (Table 2).
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Fig. 1. Distribution of inhabitants according to domicile

and gender.
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Non-parametric Mann-Whitney U-test showed the ex-
istence of a statistically significant difference in the me-
dian age with regard to domicile (p<0.001), and that the
inhabitants of the town of Cres were statistically signifi-
cantly younger than the inhabitants of other settle-
ments.

A statistically significant age difference was found in
both sexes. Median age value for the male subjects from
the town of Cres was 53 compared to 65 found in subjects
from other settlements (p<0.001). Similar situation was
observed also in female subjects where median values
were 52 and 65 years (p<0.001).

The prevalence of metabolic syndrome according

to the definition of World Health Organisation

(WHO)

According to the definition of World Health Organisa-
tion, metabolic syndrome, beside diabetes, glucose intol-
erance and insulin resistance, includes a presence of two
more of the following criteria: abdominal or central obe-
sity (waist-to-hip ratio) and/or body mass index, high
blood pressure (or pressure under therapy), dyslipidemia

(elevated triglyceride concentrations or low HDL serum
concentrations) and microalbuminuria.

Out of a total of 385 subjects from the island of Cres,
54 (14.0%) met the criteria for metabolic syndrome ac-
cording to the WHO definition (Table 3).

The analysis confirmed the diagnosis of metabolic
syndrome according to the WHO criteria in 28 men
(20.6%) and 26 women (10.4%) (Table 4).

Fisher’s exact test established the existence of a sta-
tistically significant link between metabolic syndrome
according to WHO and gender (p=0.009): metabolic syn-
drome occurred more often in male population (20.6%)
than in female (10.4%).

Out of a total of 75 subjects with diagnosed diabetes
and elevated blood glucose levels, 54 were diagnosed with
metabolic syndrome. Metabolic syndrome, according to
the WHO definition, was more present among the sub-
jects from neighbouring settlements (19.2%) than among
the subjects from the town of Cres (9.4%) (Table 5).

Fisher’s exact test established a statically significant
link between metabolic syndrome according to WHO and
domicile (p=0.008).
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TABLE 2
MEDIAN AGE VALUE OF THE EXAMINEES

Group X SD Median Q1 – Q3 N p

Town of Cres 51.95 15.8928 52.0 40.0–65.0 200 <0.001

Other settlements 61.97 17.2393 65.0 48.0–75.0 180

Total 56.70 17.2646 55.0 42.0–70.3 380

TABLE 3
THE FREQUENCY OF DIAGNOSTIC CRITERIA FOR THE EVALUATION OF METABOLIC SYNDROME ACCORDING TO WHO DEFINITION

Diagnostic criteria
No Yes Missing Total

N (%) N (%) N (%) N (%)

Diabetes Previously diagnosed 351 (91.1) 33 (8.6) 1 (0.3) 385 (100.0)

Blood glucose >6.1 mmol/L 309 (80.3) 67 (17.4) 9 (2.3) 385 (100.0)

Previously diagnosed and/or >6.1 mmol/L 310 (80.5) 75 (19.5) 385 (100.0)

Obesity BMI >30 kg/m² 281 (73.0) 102 (26.5) 2 (0.5) 385 (100.0)

Waist-to-hip ratio >0.9 male; >0.85 female 88 (22.9) 292 (75.8) 5 (1.3) 385 (100.0)

BMI >30 kg/m² and/or waist-to-hip ratio
>0.9 male; >0.85 female

85 (22.1) 300 (77.9)

Dyslipidemia Triglycerides >1.7 mmol/L 303 (78.7) 82 (21.3) 0 (0.0) 385 (100.0)

HDL <0.9 mmol/L male or <1.0 mmol/L fe-
male

381 (99.0) 4 (1.0) 0 (0.0) 385 (100.0)

Triglycerides >1.7 mmol/L and/or HDL
<0.9 mmol/L male or <1.0 mmol/L female

302 (78.4) 83 (21.6) 385 (100.0)

Elevated blood
pressure

� 140/90 mmHg 281 (73.0) 104 (27.0) 0 (0.0) 385 (100.0)

Previously diagnosed 254 (66.0) 130 (33.7) 1 (0.3) 385 (100.0)

� 140/90 mmHg measured or previously
diagnosed

212 (55.1) 173 (44.9) 385 (100.0)
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High blood pressure, coronary disease, diabetes and
malignant tumour proved to be statistically significant
predictors for metabolic syndrome according to WHO. It
was found that subjects with diagnosed or measured high
blood pressure were almost 17 times more likely to have
metabolic syndrome than subjects without diagnosed or
measured high blood pressure (p<0.001). Also, subjects
with coronary disease were 2.3 likely to have metabolic
syndrome than subjects without coronary disease (p=
0.042). Subjects with diabetes were 54 times more likely

to have metabolic syndrome than subjects without diabe-
tes (p<0.001), while subjects with malignant tumour
were 3.8 times more likely to have metabolic syndrome
than subjects without malignant tumour (p=0.018).

The prevalence of metabolic syndrome according

to the NCEP-ATP III definition

Diagnosis of metabolic syndrome according to the
NCEP-ATP definition requires the existence of three or
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TABLE 4
METABOLIC SYNDROME ACCORDING TO THE WHO CRITERIA AND GENDER

Metabolic syndrome
according WHO criteria

Gender
Total

male female

N (%) N (%) N (%)

No 108 (79.4) 223 (89.6) 331 (86.0)

Yes 28 (20.6) 26 (10.4) 54 (14.0)

Total 136 (100.0) 249 (100.0) 385 (100.0)

TABLE 5
METABOLIC SYNDROME ACCORDING WHO CRITERIA AND DOMICILE

Metabolic syndrome
according WHO criteria

Domicile
Total

Town of Cres Other settlements

N (%) N (%) N (%)

No 184 (90.6) 147 (80.8) 331 (86.0)

Yes 19 (9.4) 35 (19.2) 54 (14.0)

Total 203 (100.0) 182 (100.0) 385 (100.0)

TABLE 6
THE RESULTS OF LOGISTIC REGRESSION FOR THE PREDICTION OF METABOLIC SYNDROME FROM CHRONIC DISEASES

Chronic disease

Metabolic syndrome according WHO Logistic regression

No Yes Total 95.0% IP for OR

N (%) N (%) N (%)
Refer-
ence
values

p OR
Upper
limit

Lower
limit

Elevated blood pres-
sure (previously diag-
nosed or measured)

No 207 (97.6) 5 (2.4) 212 (100.0) 1 <0.001 16.895 5.049 56.543

Yes 124 (71.7) 49 (28.3) 173 (100.0)

Coronary disease No 286 (90.8) 29 (9.2) 315 (100.0) 1 0.042 2.338 1.031 5.300

Yes 44 (63.8) 25 (36.2) 69 (100.0)

Brain infarction No 326 (86.2) 52 (13.8) 378 (100.0) 1 0.556 0.444 0.030 6.596

Yes 4 (66.7) 2 (33.3) 6 (100.0)

Diabetes No 322 (91.7) 29 (8.3) 351 (100.0) 1 <0.001 54.346 15.487 190.708

Yes 8 (24.2) 25 (75.8) 33 (100.0)

Malignant tumour No 316 (87.8) 44 (12.2) 360 (100.0) 1 0.018 3.826 1.257 11.643

Yes 14 (58.3) 10 (41.7) 24 (100.0)
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more of the following criteria: increased waist circumfer-
ence, high blood pressure, elevated triglycerides and/or
low HDL, elevated fasting blood glucose.

Out of a total of 385 subjects, 96 (24.9%) met the crite-
ria for metabolic syndrome according to the NCEP-ATP
III definition. The frequency of diagnostic criteria for the
evaluation of metabolic syndrome according to NCEP is
shown in Table 7.

The most common criterion was increased waist cir-
cumference 317 (82.3%), followed by hypertension 198
(51.4%) and dyslipidemia 123 (31.9%).

The study determined that 45 men (33.1%) and 51
women (20.5%) had diagnosis of metabolic syndrome ac-
cording to the NCEP criteria (Table 8), 24.9% subjects in
total.

Fisher’s exact test established a statistically signifi-
cant link between metabolic syndrome according to
NCEP and gender (p=0.009): metabolic syndrome ac-
cording to NCEP occurred more often in male population
(33%) than in female (21%).

Metabolic syndrome according to the NCEP criteria
was also more present in neighbouring settlements than
in the town of Cres (Table 9).

Fisher’s exact test established a statistically signifi-
cant link between metabolic syndrome according to

NCEP and domicile (p=0.045): there was a smaller share
of subjects with metabolic syndrome according to NCEP
with domicile in Cres (20.7%) than in other settlements
(29.7%).

Multiple regression analysis yielded one statistically
significant predictor that accounts for only 1% of predic-
tor variance, a consumption of lard or any other animal
fat (�=0.109; p=0.046). Metabolic syndrome according
to the NCEP-ATP III definition and chronic diseases are
shown in Table 10.

High blood pressure and diabetes proved to be statis-
tically significant predictors for metabolic syndrome ac-
cording to NCEP-ATP III. Subjects with diagnosed or
measured high blood pressure were 8.4 times more likely
to have metabolic syndrome (according to NCEP) than
subjects without diagnosed or measured high blood pres-
sure p<0.001), while subjects with diabetes were 7.4
times likely to have metabolic syndrome (according to
NCEP) than subjects without diabetes (p<0.001).

Discussion

Determined prevalence of metabolic syndrome among
the population of Cres Island according to the definition
of World Health Organisation was 14.0% (20.6% in men
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TABLE 7
THE FREQUENCY OF DIAGNOSTIC CRITERIA FOR THE EVALUATION OF METABOLIC SYNDROME ACCORDING TO NCEP-ATP III

DEFINITION

Diagnostic criteria
No Yes Missing Total

N (%) N (%) N (%) N (%)

Obesitas Waist circumference: >102 cm male
or >88 cm female.

62 (16.1) 317 (82.3) 3 (1.6) 385 (100.0)

Dyslipidemia Triglycerides >1.695 mmol/L or 290 (75.3) 95 (24.7) 0 (0.0) 385 (100.0)

HDL<1.036 male or<1.295 female. 324 (84.2) 61 (15.8) 0 (0.0) 385 (100.0)

Triglycerides >1.695 mmol/L or HDL
<1.036 male or <1.295 female.

262 (68.1) 123 (31.9) 385 (100.0)

Elevated blood
pressure

�130/85 mmHg 234 (60.8) 151 (39.2) 0 (0.0) 385 (100.0)

Previously diagnosed 254 (66.0) 131 (34.0) 0 (0.0) 385 (100.0)

�130/85 mmHg measured or previously
diagnosed

187 (48.6) 198 (51.4) 385 (100.0)

Fasting plasma glukose � 6.1 mmol/L 305 (79.3) 71 (18.4) 9 (2.3) 385 (100.0)

TABLE 8
METABOLIC SYNDROME ACCORDING TO THE NCEP – ATP III CRITERIA AND GENDER

Metabolic syndrome
according NCEP-ATP III

Gender
Total

Male Female

N (%) N (%) N (%)

No 91 (66.9) 198 (79.5) 289 (75.1)

Yes 45 (33.1) 51 (20.5) 96 (24.9)

Total 136 (100.0) 249 (100.0) 385 (100.0)
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and 10.4% in women), while according to the NCEP-ATP
III definition it was 24.9% (33.1% in men and 20.5% in
women). The definitions of WHO and NCEP-ATP III are
most commonly applied in diagnostics of the prevalence
of metabolic syndrome and are in agreement regarding
the major components of metabolic syndrome: insulin re-
sistance, obesity, dyslipidemia and hypertension. The
WHO was among the first to define metabolic syndrome.
Its criteria are considered suitable for research work but
hardly applicable and too complex for clinical and broa-
der epidemic studies. The main deficiency of this defini-
tion are precisely the diagnostically complicated obliga-
tory criteria of insulin resistance.

In recent studies, this strict criterion was replaced by
diagnosed diabetes or elevated levels of fasting glucose.
The elevated fasting glucose level criterion was applied
also in this study. The NCEP-ATP III definition is sim-
pler and, although having the same components as the
WHO definition, it does not specify an obligatory condi-
tion to be met, but the presence of three or more of the

following criteria is enough: increased waist circumfer-
ence, high blood pressure, elevated triglycerides and/or
low HDL, elevated fasting glucose. The reason is simpler
measurement of abdominal obesity (waist circumfer-
ence) and avoiding insulin resistance as an obligatory
criterion24,25.

In the majority of the prevalence of metabolic syn-
drome studies in Croatia the NCEP-ATP III definition
was applied, with certain indicated modifications15,16,26,27.

The analysis of the components of metabolic syn-
drome among the subjects from Cres Island showed that
majority of them had increased waist-to-hip ratio (75.8%),
BMI >30 kg/m2 (26.5%), followed by high blood pressure
(44.9%), diagnosed diabetes or increased fasting glucose
values (19.5%), elevated serum triglycerides and low
HDL cholesterol (1%). Diagnosis of metabolic syndrome
was established in 54 (72%) out of a total of 75 subjects
with diagnosed diabetes and elevated blood glucose lev-
els. Metabolic syndrome, according to the WHO defini-
tion, was more present in subjects from neighbouring
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TABLE 9
METABOLIC SYNDROME ACCORDING NCEPO-ATP III CRITERIA AND DOMICILE

Metabolic syndrome
according NCEP-ATP III

Domicile
Total

Town of Cres Other settlements

N (%) N (%) N (%)

No 161 (79.3) 128 (70.3) 289 (75.1)

Yes 42 (20.7) 54 (29.7) 96 (24.9)

Total 203 (100.0) 182 (100.0) 385 (100.0)

TABLE 10
METABOLIC SYNDROME ACCORDING TO THE NCEP-ATP III DEFINITION AND CHRONIC DISEASES

Chronic disease

Metabolic syndrom according NCEP Logistic regression

No Yes Total 95.0% IP for OR

N (%) N (%) N (%)
Refer-
ence

values
p OR

Upper
limit

Lower
limit

Elevated blood pressure
(previously diagnosed or
measured) >140/90
mmHg)

No 194 (91.5) 18 (8.5) 212 (100.0) 1 <0.001 8.373 4.575 15.326

Yes 95 (54.9) 78 (45.1) 173 (100.0)

Coronary disease No 246 (78.1) 69 (21.9) 315 (100.0) 1 0.815 0.924 0.478 1.787

Yes 42 (60.9) 27 (39.1) 69 (100.0)

Brain infarction No 283 (74.9) 95 (25.1) 378 (100.0) 1 0.080 0.117 0.011 1.290

Yes 5 (83.3) 1 (16.7) 6 (100.0)

Diabetes No 277 (78.9) 74 (21.1) 351 (100.0) 1 <0.001 7.390 2.934 18.617

Yes 11 (33.3) 22 (66.7) 33 (100.0)

Cancer No 274 (76.1) 86 (23.9) 360 (100.0) 1 0.588 1.310 0.494 3.475

Yes 14 (58.3) 10 (41.7) 24 (100.0)
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settlements (19.2%) than in subjects from the town of
Cres (9.4%). That difference could be partly explained by
subjects’ age difference but also by an increased preva-
lence of the components of metabolic syndrome among
the subjects from other settlements. Metabolic syndrome
is a pronounced risk factor for developing cardiovascular
disease and type 2 diabetes. Multiple logistic regression
showed high blood pressure, coronary disease, diabetes
and malignant tumour to be statistically significant pre-
dictors for metabolic syndrome according to WHO. Ac-
cording to the WHO definition, there is a significant link
between metabolic syndrome and elevated fasting blood
glucose levels. Namely, 73.1% of the subjects with ele-
vated glucose had metabolic syndrome.

The prevalence of metabolic syndrome among the
Cres Islanders, according to the NCEP-ATP III defini-
tion, was 24.9% (33.1% in men and 20.5% in women). Di-
agnosis of metabolic syndrome according to NCEP-ATP
III requires the presence of three and more of the follow-
ing criteria: increased waist circumference, high blood
pressure, elevated triglycerides and/or low HDL, ele-
vated fasting blood glucose. The most commonly present
criterion among the subjects from the island of Cres was
increased waist circumference (82.3%), hypertension
(51.4%) and dyslipidemia (31.9%), fasting glucose con-
centrations (18.4%). In the neighbouring settlements,
the prevalence of metabolic syndrome was 29.7%, and in
the town of Cres 20.7%.

The high prevalence of metabolic syndrome in Ba-
ranja established in a previous study by Tucak-Zori} et
al. is more expected, considering the continental nutri-
tional habits that include higher intake of saturated fats,
meat and processed-meat products, but the high preva-
lence of metabolic syndrome on Mljet Island, in Lopar
and Banjol on Rab Island and in Vis is surprising. Com-
pared to the values for Croatian subpopulations obtained
from the previous studies, the prevalence of metabolic
syndrome on the island of Cres, amounting to 24.9% ac-
cording to the NCEP-ATP III definition, is similar to that
found in the town of Rab (25%) and lower than that
found in all studies of Adriatic island isolates. Interest-
ingly, the metabolic syndrome was more present in men
than in women, which was only the case on the island of
Hvar16. In all other island settlements, it was found that
women were more often affected by metabolic syndrome
than men.

A comparison with some Mediterranean countries is
interesting also in view of the assumed similar nutri-
tional and life habits. On Sicily, the established preva-
lence of metabolic syndrome according to NCEP-ATP III
was 22% (12.4% men and 31.5% women), which is similar
to the Cres Island, with an important remark: on Sicily,
the prevalence was significantly higher in women28.

The prevalence of metabolic syndrome in Europe, ac-
cording to the NCEP-ATP III definition, ranges from the
lowest in Italy (15% for men and 18% for women) to the
highest in Greece population 41.8%29. According to the
same definition, the prevalence of metabolic syndrome in
Europe and abroad is as follows: France 23% men, 16.9%

women, Germany 23.5% men, 17.6% women, Netherlands
19% men, 32% women, Spain 22.3% men, 30.7% women,
Portugal 19.1% men, 27% women, England 29.8% women,
Greece 63% men and 37% women, Finland 47% men,
25% women.

According to WHO, the lowest prevalence of meta-
bolic syndrome was registered in Japan, amounting to
3.4% for men and 2.5% for women14. The prevalence of
metabolic syndrome according to the WHO definition in
Netherlands was 26% in men and 26% in women, on Ca-
nary Islands 26.5% in men and 17.6% in women, while
the general prevalence in Italy was 34.1%, in England
20.9%, and in Australia 21.7%28,29.

Among the studied population of the island of Cres,
male population had higher prevalence rate of metabolic
syndrome according both to WHO and NCEP-ATP III
definitions, which is consistent with the studies of the
population of the island of Hvar (71), studies of the prev-
alence of metabolic syndrome in France, Germany and
Finland (41) and studies of USA population31–39. On the
other hand, higher prevalence of metabolic syndrome in
women was registered in Netherlands, Portugal, Italy,
South Korea, China and India14. That incidence is proba-
bly due to the factors related to lifestyle, life habits,
socio-cultural status, economic possibilities, age, health
and level of health care, including hormonal and series of
other physiological factors32.

The most common components of metabolic syndro-
me, when the NCEP-ATP III definition was applied,
were: increased waist circumference (82.3%), high blood
pressure (51.4%), elevated triglycerides (24.7%), elevated
blood glucose (18.4%) and low HDL cholesterol values
(15.8%). The components more present in men were high
blood pressure, elevated fasting blood glucose concentra-
tions, elevated triglycerides and low level of HDL choles-
terol, BMI greater than 30 kg/m2, waist-to-hip ratio
above normal. Increased waist circumference component
was more present in women. A similar study of metabolic
syndrome on the island of Vis showed that men more of-
ten met the conditions of elevated concentration of se-
rum triglycerides, elevated fasting blood glucose and
high blood pressure, while in women were more present
low HDL cholesterol concentration and increased waist
circumference components33.

Multiple logistic regression showed that statistically
significant predictors for metabolic syndrome according
to NCEP were high blood pressure and diabetes, and sta-
tistically significant predictors also were elevated triglyc-
erides and elevated glucose. Namely, subjects with ele-
vated triglycerides were 33 times more likely to have also
metabolic syndrome (according to NCEP) than subjects
without elevated triglycerides and subjects with elevated
glucose were 97 times more likely to have metabolic syn-
drome (according to NCEP) than subjects without ele-
vated glucose.

Beside gender differences, the prevalence of metabolic
syndrome is more present and increases with age. In this
study, this was established by the analysis of each of the
components, which are significantly higher in elderly
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subjects. Also, the incidence of metabolic syndrome was
significantly higher among the subjects from other set-
tlements (rural areas) than among the subjects from the
town of Cres (urban area).

The results of this study also showed obesity to be a
strong predictor in the incidence of metabolic syndrome
and chronic diseases, indicating that 82.3% of the sub-
jects with increased waist circumference had metabolic
syndrome according to NCEP-ATP III, and 75.8% of the
subjects with increased waist-to-hip ratio had metabolic
syndrome according to WHO definition34.

Conclusion

This study investigated the prevalence of metabolic
syndrome in two subpopulations of inhabitants of the is-
land of Cres: the town of Cres and other settlements. The
overall established prevalence of metabolic syndrome
was 14% according to the WHO definition (20.6% in men
and 10.4% in women) and 24.9% according to the NCEP-
-ATP III definition (33.1% in men and 20.5% in women).

The study showed that the prevalence of risk factors
for developing metabolic syndrome and complex diseases
was much higher among the subjects from other settle-
ments than among the subjects from the town of Cres.
Subjects from other settlements were significantly older,
more overweight and obese, affected by hypertension
and diabetes. The analysis of nutritional habits and their

relation with complex diseases did not establish a statis-
tically significant correlation.

The causes of metabolic syndrome are multifactorial
and environmental factors, together with heritage and
age, undoubtedly play an important role in the occur-
rence of metabolic syndrome. Environmental factors such
as lifestyle, physical activity, diet, but also availability of
health care, have an impact on the incidence of complex
diseases like hypertension, cardiovascular disease, diabe-
tes, and it is precisely these diseases that are signifi-
cantly more common among the subjects from other set-
tlements.
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METABOLI^KI SINDROM STANOVNIKA OTOKA CRESA

S A @ E T A K

U radu je istra`ena prevalencija metaboli~kog sindroma u dvije subpopulacije stanovni{tva otoka Cresa: grada Cresa
i ostalih naselja. Dokazana je ukupna prevalencija metaboli~kog sindroma od 14% prema definiciji SZO (20,6% me|u
mu{karcima i 10,4% me|u `enama) i 24,9% prema NCEP-ATP III definiciji (33,1% me|u mu{karcima i 20,5% me|u
`enama). Istra`ivanjem je dokazano da je prevalencija rizi~nih ~imbenika za nastanak metaboli~kog sindroma i kom-
pleksnih bolesti mnogo vi{a kod ispitanika ostalih (ruralnih) naselja nego kod ispitanika grada Cresa (urbani). Tako|er
statisti~ki zna~ajnim prediktorima za nastanak metaboli~kog sindroma pokazali su se povi{eni krvni tlak i dijabetes,
bolesti koje se pravovremenim zdravstvenim mjerama u velikoj mjeri mogu prevenirati.
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