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This paper presents the results of a study that aimed to describe the prevalence and
evolution of metabolic syndrome (MetS) in the Mediterranean population of
Catalonia, Spain, between 1992-1993 and 2002-2003 by applying the National
Cholesterol Education Program's Adult Treatment Panel Ill (ATPIII) and International
Diabetes  Federation (IDF) definitions. Data from two cross-sectional
population-based surveys were used (ENCAT 1992-1993 [n = 820] and 2002-2003
[n=1,384]). Applying IDF definitions, MetS tended to increase (P = 0.08), from 25%
in 1992-1993 to 28.5% in 2002-2003. Applying ATPIIl definitions, MetS prevalence
was lower, and it increased significantly (P < 0.001) from 18.4% in 1992—1993 to
24.8% in 2002-2003. MetS prevalence is high and has increased significantly in the
last decade in Catalonia.
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INTRODUCTION

Metabolic syndrome (MetS) is a cluster of metabolic
abnormalities that leads to an increased risk of type
2 diabetes mellitus (T2D),"?* cardiovascular disease
(CVD),** and all-cause mortality.” Abdominal obesity
and insulin resistance have been proposed as the central
key causative factors of this syndrome.®”® The cluster of
cardiovascular risk factors increases the risk of CVD and
T2D over and above the risk of each metabolic abnormal-
ity.” In addition, the severity of coronary disease and its
complications correlate with the number of MetS com-
ponents each individual possesses."'*!!

In the last decade, several definitions of MetS have
been proposed by several expert groups, such as the
National Cholesterol Education Program’s Adult Treat-
ment Panel IIT (ATPIII)! and the International Diabetes
Federation (IDF),” who have recently proposed that their
updated definitions serve as a universally accepted
diagnostic tool. Using these definitions, estimates of the
prevalence of MetS in different populations suggest that
approximately 20-25% of adults in developed countries
have MetS.’

The prevalence of MetS is expected to rise in parallel
with obesity! and therefore to have significant impli-
cations on public health. However, there is limited
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information on trends in MetS, as only a handful of
studies have been carried out.'>'>'* Although the preva-
lence of MetS has been studied in several Mediterranean
populations,>'*'>'%1% to our knowledge, trends in MetS
have not.

Consequently, we aimed to study a population from
an important Mediterranean area (Catalonia, Spain) and
to examine changes in the prevalence of MetS and the
individual metabolic abnormalities of MetS between the
periods 1992-1993 and 2002-2003, using ATPIII and IDF
definitions.

MATERIALS AND METHODS

Survey methodology and subjects

Data from two separate cross-sectional nutrition surveys,
the Nutritional Survey of Catalonia in 1992-1993
(ENCAT 1992-1993) and in 2002-2003 (ENCAT 2002-
2003) were used in the analysis. They both included a
representative sample of the civilian noninstitutionalized
adult population of Catalonia and were approved by the
Ethical Committee of the Department of Health of the
Catalan Government. All subjects who participated in
the surveys provided fully informed written consent. Full
methodological details have been described previously
for both ENCAT 1992-1993* and ENCAT 2002-
200324

In both surveys, individuals from the initial sample
aged between 18 and 75 years were asked to participate
in an additional clinical examination. This resulted in a
subsample of 820 individuals in ENCAT 1992-1993 and
1,374 individuals in ENCAT 2002-2003 who agreed
to undergo this examination and whose data are used
in the study. These individuals were similar to those
from the initial selected samples in terms of age and
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Data collection

Both surveys used a detailed structured questionnaire to
quantify demographics, lifestyle, diet, medical history, use
of medication, and other data on markers of health for
each participant. In ENCAT 1992-1993, only individuals
who were previously diagnosed with T2D were asked
about their use of medication for diabetes. The detailed
clinical health examination, carried out on the subsample
selected from both surveys, included a physical examina-
tion, anthropometrical and blood pressure measure-
ments, and a laboratory analysis of blood and urine
samples. Weight, height, waist, and hip circumference
were measured and body mass index (BMI) calculated.
Blood pressure was taken twice, in accordance with the
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American Society of Hypertension protocol. An average
of the two results was used for the statistical analysis.
Blood samples were taken under fasting conditions to
provide biochemical information.

Diagnosis of metabolic syndrome

MetS was defined by both ATPIII and IDF definitions."”
According to ATPIII, an individual has MetS if three or
more of the following five diagnostic criteria are
present: 1) waist circumference =102 cm in men and
=88 cm in women; 2) hypertriglyceridemia: =150 mg/dL
(1.695 mmol/L) or on medication for hypertriglyceri-
demia; 3) low high-density lipoprotein (HDL) cholesterol:
<40 mg/dL (0.9 mmol/L) in men and <50 mg/dL
(1.1 mmol/L) in women or on medication for reduced
cholesterol; 4) hypertension: =130/85 mmHg or on
antihypertensive medication; or, 5) hyperglycemia:
=100 mg/dL (=6.1 mmol/L) or on drug treatment for
elevated glucose. A similar definition is outlined by the
IDE However, the cutoff values used for central obesity
are lower (=94 cm for European men and =80 cm for
European women), and central obesity is a conditional
component of MetS. Individuals are also classed as hyper-
glycemic if they have previously been diagnosed with T2D.

Diabetes, medication for hypertension, hypercholes-
terolemia, and hyperglycemia were self-reported. There
were no specific questions about the use of medication for
hypertriglyceridemia, so this was not included in these
definitions. Only those individuals whose data were com-
plete for all the metabolic abnormalities of MetS were
used to estimate the prevalence, resulting in 1,104 indi-
viduals for ENCAT 2002-2003.

Statistical analysis

All analyses were carried out using the Stata 9.1 software
(Stata Corp, College Station Texas, USA). Prevalence data
was presented as percentages with 95% confidence inter-
vals (95% CI). The statistical differences between charac-
teristics within and between the samples were evaluated
using chi-square tests. Differences between the character-
istics were considered significant at P < 0.05. The Mantel-
Haenszel test for trend was carried out to assess the
association between the prevalence of MetS and age. Age
adjustment was carried out using the population struc-
ture of Catalonia in 2003 as the reference.” Kappa statis-
tics™ were used to assess interdefinition concordance on
the prevalence of MetS. We examined MetS prevalence
using individuals’ characteristics, including age, sex,
marital status, BMI, physical activity level, smoking status,
working situation, and social class. BMI was categorized
using standard cutoff values.”
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RESULTS

Description of study population

ENCAT 1992-2003 contained 820 individuals between
18 and 74 years of age (mean age, 45.6 years = [SD] 16.9),
of whom 461 (56.2%) were women (Table 1). ENCAT
2002-2003 included 1,374 individuals between 18 and 74
years of age (mean age, 45.3 = 15.1 years), of whom 768
(55.9%) were women. Although the prevalence of over-
weight was similar between the groups, the prevalence of

Table 1 Characteristics of the study population in
the periods 1992-1993 and 2002-2003.

Characteristic 1992-1993 2002-2003
N N
n % n %
Total 820 1,374
Gender 820 1,374
Women 461 56.2 768 55.9
Men 359 438 606 44.1
Age (years) 820 1,374
18-24 130 15.9 138 10.0
25-34 126 154 240 175
35-44 171 209 285 20.7
45-54 92 11.2 299 218
55-64 179 21.8 232 169
65-74 122 149 180 13.1
Marital status 820 1,370
Married/couple 538 65.6 1,001 73.1
Single 224 273 285 20.8
Other 58 7.1 84  6.13
Working status 820 1,373
Working 407 496 750 546
Housewife/husband 151 184 239 174
Unemployed 49 6.0 109 79
Retired/disabled 147 179 206 15.0
Other 66 8.1 69 5.0
Social class 798 1,347
Low 269 337 251 186
Medium 340 426 %6 71.7
High 189 23.7 251 186
BMI 816 1,348
Underweight (=18.4) 10 1.2 15 1.1
Normal weight 381 479 551 409
(18.5-24.9)
Overweight (25-29.9) 307 37.6 523 388
Obese (=30) 118 145 259 19.2
Physical activity level 802 1,327
Sedentary 462 57.6 461 347
Moderately active 238  29.68 802 604
Active 102 127 64 4.8
Smoking status 817 1,356
Never 427 523 726 535
Past 145 17.8 201 148
Current 245  30.0 429 316

Abbreviations: BMI, body mass index.
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obesity increased between 1992-1993 (14.5%) and 2002—
2003 (19.2%).

Prevalence of metabolic syndrome

In 1992-1993, the overall prevalence of MetS was 18.4%
(95% CI 15.8-21.1%) when ATPIII criteria were used and
even higher (25%; 95% CI 22.0-28.0%) when IDF criteria
were used (Table 2). The fact that the confidence intervals
do not overlap suggests that the definitions give signifi-
cantly different prevalence estimates. No significant dif-
ferences between men and women were observed in the
prevalence of MetS in 1992-1993 (P =0.48 with ATPIII
and P = 0.715 with IDF criteria). In 2002-2003, the overall
prevalence of MetS was 24.8% (95% CI 22.3-27.4%) when
ATPIII criteria were used and 28.5% (95% CI 25.9-
31.2%) when IDF criteria were used. The two definitions
do not give significantly different prevalence estimates as
the two confidence intervals overlap. As in 1992-1993,
MetS prevalence in 2002-2003 tended to be higher in
men than in women. However, these differences were
significant when IDF criteria were used (P = 0.05). MetS
prevalence increased with age (P <0.001) in both time
periods and for both definitions (Figure 1A,B). Over half
of the individuals in the oldest age group (65-74 years)
had MetS in 2002-2003 (51.1% with ATPIII criteria and
59.7% with IDF criteria).

Changes in the prevalence of metabolic syndrome
between 1992-1993 and 2002-2003

In the 10-year period from 1992-1993 to 2002-2003, the
prevalence of MetS — when ATPIII criteria were used -
increased significantly (P <0.001) by 6.4% (from 18.4%
to 24.8%) (Table 2). The increase in MetS from 1992-
1993 to 2002-2003 when IDF criteria were used was
slightly less at 3.5% (25% to 28.5%), and was not signifi-
cant (P=0.08). In alignment with this, the 95% CI for
MetS prevalence in 1992-1993 and 2002-2003 did not
overlap when ATPIII criteria were used, but it did overlap
when IDF criteria were used. The increases in the preva-
lence of MetS were greater in men than in women for
both definitions, but were only significant for men
(P=0.006) and women (0.042) when ATPIII criteria were
used. The increases in MetS from 1992-1993 to 2002-
2003 were not even across the age groups, and the young-
est age group of 25-34 years exhibited the greatest
increases (925%), from 0.8% (95% CI 0.0-2.3%) in 1992-
1993 to 7.4% (95% CI 3.6-11.1%) in 2002-2003 (ATPIII
criteria).

The age-adjusted prevalence of MetS was slightly
lower in both time periods for both definitions. However,
the pattern was very similar. With ATPIII criteria, the
prevalence of MetS was 16.04% (95% CI 13.7-18.4%) in
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both sexes (in both time periods) were abdominal
obesity, hypertension, and hyperglycemia. In 1992-1993,
about a quarter of the sample (24.4%) were classified as
abdominally obese by ATPIII criteria and about half
(47.7%) by IDF criteria. In 2002-2003, abdominal obesity
increased to 26.3% with ATPIII criteria and 50.4% with
IDF criteria. The prevalence of hypertension was very
high in both 1992-1993 (47.8%) and 2002-2003 (45.3%).
Hypertriglyceridemia was the least common condition in
both surveys.

All of the components of MetS except for abdominal
obesity were more common in men than in women in
both time periods (Table 3). There was strong evidence
(P <0.01 or less) of these gender differences in the preva-
lence of the components of MetS except for low HDL
cholesterol levels. Between 1992-1993 and 2002-2003
there was a dramatic increase in the prevalence of low
HDL cholesterol in men as well as decreases in the preva-
lence of hypertriglyceridemia and hypertension, espe-
cially in women. More individuals had at least one of the
components of MetS (IDF definition) in 2002-2003
(78.2%) than in 1992-1993 (75%). In both time periods
there was also a steady increase in the prevalence of each
of the components of MetS with age (Figure 2A,B).

DISCUSSION

The present study shows that, in this Mediterranean adult
population, around a quarter of the adults have MetS, and
the prevalence of MetS increased significantly between
1992-1993 and 2002-2003, according to ATPIII criteria.
These increases were especially pronounced in men and
in the younger age groups. This adds to the handful of
other studies on MetS trends and reveals that even in a
Mediterranean population, where the prevalence of
chronic diseases is often lower than in other Westernized
populations, the prevalence of MetS is both high and
increasing.

In 2002-2003, the application of ATPIII criteria
showed MetS prevalence to be 24.8% (23.2% after age
adjustment), which is nearly identical to the rates
observed in the Canary Islands, Spain (24.4%),"” Greece
(24.5%),'° and the United States (23.9%)% when the same
criteria were applied. The number of individuals labeled
as having MetS increased substantially to 28.5% (26.9%
after age adjustment) when IDF criteria were used. The
current prevalence of MetS is likely to be even higher if
trends have continued on the same path indicated in this
study. The fact that the prevalence of MetS was higher
with IDF criteria than with ATPIII criteria is also consis-
tent with other studies'®” and is due to the lower abdomi-
nal obesity cutoft points for IDF criteria, which lead to
more individuals being defined as abdominally obese
and, consequently, as having MetS.
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Figure 2 Age-related increases in each component used
to define metabolic syndrome (MetS), as observed in
1992-1993 (1A) and 2002-2003 (1B).

Interestingly, the increase in the prevalence of MetS
over this 10-year period was actually lower with IDF than
with ATPIII criteria. As abdominal obesity is a fixed com-
ponent in IDF criteria, individuals with three or more of
the remaining components who are not abdominal obese
may be excluded, but the same individuals will be
included under the ATPIII definition. Therefore, greater
increases over time in these other four components of
MetS would explain why MetS increases more when
ATPIII criteria are used. Despite these differences, the two
definitions classified a high percentage of the participants
equally (around 90%) and with a good strength of agree-
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ment, which was higher in women than in men during
both time periods. Other studies observed a similar find-
ing***” The most suitable definition and abdominal
obesity cutoff points to apply to this Mediterranean popu-
lation depend on which definition best predicts CVD and
T2D, which is an area for future research.

Between 1992-1993 and 2002-2003, the prevalence
of MetS increased from 18.4% to 24.8%, which is similar
to the increase reported in the United States, also using
ATPIIT criteria and a similar time period.” The
increases in MetS in Catalonia cannot be explained by
shifts in demographics towards an aging population,
because the age-adjusted prevalence, although lower,
showed similar increases and was significant when the
ATPIII criteria were used. In Catalonia, the prevalence
of overweight and obesity increased substantially from
1989 to 2002, and currently 39% of the population are
overweight and 17% are obese.” Our study also revealed
increases in the prevalence of abdominal obesity in both
men and women during the 10-year period. Therefore,
as with the United States and other Westernized popu-
lations," the increasing trends in obesity over the last
decade are likely to be a major contributor to these
increasing trends in MetS in Catalonia. This will add to
both the burden of CVD, the leading cause of death in
Spain,® and T2D; in fact, Spain is projected to have the
tenth highest increase in the world for the prevalence of
T2D in 2025.*

Abdominal obesity and hypertension were the most
common components of MetS in the present study. This
has also been observed in previous studies."***> Women
had a significantly higher prevalence of abdominal
obesity than men, which is consistent with findings in the
United States®® and the Canary Islands.”” This is perhaps
surprising since increases in obesity over the past decade
have been far more pronounced in men than in women
(by 1997 overweight and obesity increased to 34.8% in
males and 25.6% in females).” One possible explanation
is that the women in this population were more predis-
posed to gaining abdominal weight. In general, however,
the components of MetS were significantly more
common in males; this pattern is similar to that of two
other studies in Spain.">**

In 2002-2003, fewer individuals had none of the
components of MetS and more individuals had all five
components than in 1992-1993, which highlights the
overall increasing prevalence of these metabolic abnor-
malities within this population. However, there were dis-
tinct variations in the trends of each MetS component:
the prevalence of abdominal obesity, low HDL choles-
terol, and hyperglycemia increased and the prevalence
of hypertension and hypertriglyceridemia decreased
slightly. Interestingly, this is exactly the same pattern as
the changes seen in Mexico City between 1990-1992 and
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1997-1999." These trends are likely to be a partial reflec-
tion of the nutrition transition occurring in Spain, with a
shift towards a more “unhealthy” Westernized diet. This
has led to decreases in the ratio of monounsaturated
and polyunsaturated/saturated fat,” which would have a
negative effect on population lipid profiles and obesity.
Moreover, in the Spanish diet a large proportion of
energy (42%) is derived from carbohydrates,” which,
when refined, have a high glycemic index that contributes
to increasing levels of hyperglycemia, hyperinsulinism,
and obesity. Furthermore, although the proportion of the
Spanish population that is totally sedentary in their
leisure time has decreased slightly over the last decade, it
is still very high, at 45%.* Together, sedentary lifestyles,
nutrition transitions, and subsequent increases in obesity
help explain the increases in metabolic disorders and
abdominal obesity in this population.

In the present study, there were gender variations in
the degree that MetS prevalence increased, with men
experiencing greater and more significant increases than
women. This has also been observed in other popula-
tions' and may be explained by the more pronounced
increase in male obesity.

Our observation that MetS prevalence increases with
age is a unanimous finding.'*** In 2002-2003, nearly half
of the population aged 55-64 years had MetS, which is a
very high prevalence and represents a considerable public
health concern due to the substantial increases in mor-
bidity and mortality caused by MetS. The life-course
development of this syndrome is illustrated in this study
by the steady increase in the prevalence of each metabolic
abnormality with age. MetS is not only becoming more
common in general, it is becoming especially more
common in young adults (20- to 30-year-olds). As
increases in obesity are particularly pronounced in chil-
dren and adolescents, the prevalence of metabolic abnor-
malities and MetS is likely to increase in younger adults
as well.”

Our study has several limitations. MetS was defined
without taking into account hypertriglyceridemia medi-
cation according to ATPIII and IDF criteria, as neither
of the surveys specifically asked for this information.
However, as information for a partial component of only
one criterion was not available, it is unlikely that this
significantly underestimates the prevalence of MetS. In
addition, selection bias may be present in our study,
because individuals who agreed to the health examination
may not be completely representative of the population
who undertook the initial nutrition survey questionnaire,
although they were representative in age and sex. In addi-
tion, the study analyzes data from two different groups of
individuals (two independent cross-sectional samples
from the same population), 10 years apart. Therefore, the
conclusions about increases in MetS prevalence over this
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time period are limited by its cross-sectional design and
should be interpreted tentatively.

CONCLUSION

In conclusion, these cross-sectional studies of represen-
tative samples of a Mediterranean population suggest that
the prevalence of MetS is increasing and is present in
around a quarter of adults when evaluated according to
ATPIII criteria and in nearly a third when evaluated
according to IDF criteria. These increasing trends in MetS
are probably due to concurrent rises in overweight and
obesity, particularly in younger age groups. The aging
population would also contribute to increases in MetS,
which further adds to the burden of CVD and T2D in
Catalonia. These findings give further evidence to
support the need for comprehensive public health lif-
estyle interventions that address both diet and physical
activity and the obesogenic environment underlying
these issues.
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