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Abstract

The present study estimated the prevalence of metabolic syndrome (MS) according to the criteria established by the Na-
tional Cholesterol Education Program-Adult Treatment Panel Il (NCEP-ATPIII) and the International Diabetes Federation
(IDF) and analyzed the contribution of social factors in an adult urban population in the Southeastern region of Brazil. The
sample plan was based on multistage probability sampling according to family head income and educational level. A random
sample of 1116 subjects aged 30 to 79 years was studied. Participants answered a questionnaire about socio-demographic
variables and medical history. Fasting capillary glucose (FCG), total cholesterol, high-density lipoprotein cholesterol (HDL-
C), and triglycerides were determined and all non-diabetic subjects were submitted to the 75-g oral glucose tolerance test.
Body mass index (BMI, kg/m2), waist circumference and blood pressure (BP) were determined. Age- and gender-adjusted
prevalence of MS was 35.9 and 43.2% according to NCEP-ATPIIl and IDF criteria, respectively. Substantial agreement was
found between NCEP-ATPIIl and IDF definitions. Low HDL-C levels and high BP were the most prevalent MS components
according to NCEP-ATPIII criteria (76.3 and 59.2%, respectively). Considering the diagnostic criteria adopted, 13.5% of the
subjects had diabetes and 9.7% had FCG =100 mg/dL. MS prevalence was significantly associated with age, skin color,
BMI, and educational level. This cross-sectional population-based study in the Southeastern region of Brazil indicates that
MS is highly prevalent and associated with an important social indicator, i.e., educational level. This result suggests that
in developing countries health policy planning to reduce the risk of MS, in particular, should consider improvement in
education.
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Introduction

Metabolic syndrome (MS) is now widely accepted as a
group of core cardiovascular risk factors thatinclude central
obesity, dyslipidemia, hyperglycemia, and hypertension in-
dependently of its evolving definitions and debate about the
most appropriate method for identifying individuals at high
risk for cardiovascular diseases (CVD) and diabetes (1-9).
MS has become one of the major public health challenges
worldwide because affected individuals have a 2- to 5-fold
increased risk to develop type 2 diabetes mellitus and to
suffer CVD-related mortality, leading to a great impact on

public health costs and planning (10-14).

Metabolic syndrome is widespread among adults from
North America, Europe and Asia, and several reports of its
prevalence in various populations have been published in
recent years (8,15-17), most of them in developed coun-
tries. However, population-based studies are still scarce in
developing countries and in South America, especially in
Brazil, the most populous country of the continent (18-21).
Moreover, the impact of the use of different definitions of MS
and cut-off points for MS components to estimate the preva-
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lence of MS in different populations is unclear. In addition,
specific demographic and social factors may have diverse
impacts on health conditions in different countries.

The objective of the present study was to estimate the
prevalence of MS according to the criteria established by
both the revised National Cholesterol Education Program-
Adult Treatment Panel Ill (NCEP-ATPIIIl) and the Interna-
tional Diabetes Federation (IDF) and to analyze contribut-
ing factors in an urban population from the Southeastern
region of Brazil.

Material and Methods

Sampling procedure

A population-based cross-sectional home survey was
performed from August 2007 to June 2008 in the adult urban
population of S&o Carlos, a medium-size city in the State
of Sdo Paulo, Southeastern region of Brazil. The sampling
plan was based on a multistage stratified design accord-
ing to the income and educational level of the family head
and on data from the Brazilian Institute of Geography and
Statistics (IBGE) (22) and the State Foundation System for
Data Analysis (SEADE) (23). To calculate the sample size,
the Normal model was adopted as reference and a sample
size mathematical formula was used to estimate population
means assuming estimated variance of glycemia, a 95%
confidence interval and a maximum error of 3. The final
number accounted for 5% losses.

The population was encouraged to participate in the
study through the local media. Only subjects who agreed
to participate and signed the consent form were included
in the study. Exclusion criteria were pregnant women and
physically or mentally disabled persons unable to under-
stand simple questions and to provide a blood sample.

The study was approved by the Ethics Committee of
Universidade Federal de Sdo Carlos and all participants
gave written informed consent.

Study design

The survey was conducted by trained health care gradu-
ate students on two consecutive days. On the first day,
those who agreed to participate in the study were informed
about the need for a 10- to 12-h fast and answered a ques-
tionnaire requesting information about socio-demographic
variables and medical history in face-to-face interviews.
Skin color was self-defined as one of two categories, i.e.,
white or non-white, and income was categorized accord-
ing to the number of national minimum wages. Schooling
was classified as fundamental (elementary school), middle
(high school) or higher (university). Smoking status was
classified as yes or no.

On the second day, fasting capillary glucose (FCG), high-
density lipoprotein cholesterol (HDL-C) and triglycerides
(TG) were determined with a portable device (CardioChek®,
Polymer Technology Systems, USA). All non-diabetic
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subjects (FCG <200 mg/dL and no treatment for diabetes)
were submitted to the 75-g oral glucose tolerance test and
classified as diabetic if 2-h capillary glycemia 2200 mg/dL
(2). Height and weight were measured with the subject
barefoot using a non-stretchable measuring tape and a
portable electronic scale, respectively, and body mass index
(BMI, kg/m2) was calculated. Waist circumference (cm)was
measured twice midway between the lower rib margin and
the iliac crest and the mean value was recorded. Blood
pressure (BP, mmHg) was measured three times with an
electronic device (OMRON®) on three different occasions
and the mean value was used. Before beginning the study,
we compared the results obtained from standard laboratory
assays and from the method of simultaneously collected
blood samples used, and the agreement between values
was sufficiently close. Fieldwork supervisors verified the
quality control of physical examination and questionnaire
application.

Diagnostic criteria

According to the updated 2005 ATPIII criteria (7), MS
was diagnosed when the participant had three or more
of the following characteristics: 1) waist circumference
>102 cm in men and >88 cm in women,; 2) pharmacologic
hypertension treatment or BP 2130/85 mmHg; 3) TG 2150
mg/dL (1.7 mM) or use of medication; 4) HDL-C, <40 in
men (1.03 mM) and <50 (1.29 mM) in women or use of
medication; 5) fasting glycemia =100 mg/dL (5.6 mM) or
diabetes mellitus type 2. According to IDF criteria (6), MS
was diagnosed when the participant had elevated waist
circumference (=290 cm in men and =80 cm in women) plus
any two of the components cited above.

Statistical analysis

The information collected was entered into a data bank
and analyzed using the SAS/STAT software (SAS Institute
Inc., USA). Prevalences were adjusted by gender and age
by a direct method, using as standard the population of
Sao Carlos from the 2000 Brazilian demographic census
(22). We applied logistic regression analysis to assess
the association between MS and social-demographic and
life-style factors. The Fisher exact test was applied to
test for differences in proportions of categorical variables.
Agreement between NCEP-ATPIIl and IDF definitions was
evaluated by the K statistic. P < 0.05 was considered to be
statistically significant.

Results

Arandom sample of 1116 subjects aged 30 to 79 years
was studied. The rate of refusal to participate was 4.5%.
According to NCEP-ATPIII criteria, 38% of women and
35.7% of men had MS. According to IDF criteria, MS was
presentin 45.5% of women and in 45.3% of men. The age
and gender-adjusted general prevalence of MS was 35.9
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and 43.2% according to NCEP-ATPIIl and IDF, respectively
(Table 1). Substantial agreement [k = 0.80, 95% confidence
interval (Cl) = 0.77-0.84] was found between NCEP-ATPIII
and IDF definitions.

Table 2 shows data about the prevalence of MS compo-
nents. Low levels of HDL-C (mean + SD, 26.7 + 7.5 mg/dL)
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were the most prevalent MS component (76.3%). According
to gender, 78% of men and 75.4% of women had low levels
of HDL-C. Increased TG levels were present in 16.8% of
subjects (mean + SD, 251.2 + 106.5 mg/dL). High BP was
the second most prevalent MS component in men, identi-
fied in 64.6% of men and in 56.3% of women. Considering

Table 1. Prevalence of metabolic syndrome according to age and gender in an urban population aged 30-79 years in the Southeastern

region of Brazil.

Age groups (years) Men (N = 396) Women (N = 720) Total (N = 1116)
NCEP IDF NCEP IDF NCEP IDF

30-39 19 (13.3) 29 (14.9) 28 (9.1) 34 (9.9) 47 (10.4) 63 (11.7)
40-49 26 (18.2) 37 (19.0) 67 (21.7) 74 (21.6) 93 (20.6) 111 (20.7)
50-59 43 (30.1) 47 (24.1) 84 (27.2) 93 (27.2) 127 (28.1) 140 (26.1)
60-69 35 (24.5) 47 (24.1) 63 (20.4) 70 (20.5) 98 (21.7) 117 (21.8)
70-79 20 (14.0) 35(18.0) 67 (21.7) 71 (20.8) 87 (19.3) 106 (19.7)
Total 143 (36.1) 195 (49.2) 309 (42.9) 342 (47.5) 452 (40.5) 537 (48.1)

Age- and gender-adjusted  35.7 (25.2-46.2) 45.3 (40.4-50.2)
prevalence (95%Cl)

38.0 (27.4-48.6) 455 (40.6-50.4) 35.9(254-46.4) 43.2(38.3-48.1)

Data are reported as number with percent in parentheses. Cl = confidence interval; NCEP = National Cholesterol Education Program-

Adult Treatment Panel IIl; IDF = International Diabetes Federation.

Table 2. Prevalence of metabolic syndrome components according to age and gender in an urban population aged 30-79 years in the

Southeastern region of Brazil.

Age groups  Fasting glycemia Wc (NCEP criteria) Wc (IDF criteria)  Blood pressure 2130/85 HDL-C levels TG levels
(years) 2100 mg/dL or DM >102 (men) or 88 =90 (men) or 80 mmHg or anti-hypertensive <40 (men) or 50 2150
cm (women) cm (women) medication mg/dL (women) mg/dL
Men (N = 396)
30-39 4(9.3) 20 (13.5) 46 (18.6) 38 (14.8) 67 (21.7) 18 (20.9)
40-49 8(18.6) 25 (16.9) 40 (16.2) 47 (18.4) 69 (22.3) 20 (23.3)
50-59 13 (30.2) 43 (29.0) 69 (27.9) 68 (26.6) 72 (23.3) 27 (31.4)
60-69 11 (25.6) 37 (25.0) 51 (20.6) 55 (21.5) 54 (17.5) 13 (15.1)
70-79 7 (16.3) 23 (15.5) 41 (16.6) 48 (18.8) 47 (15.2) 8(9.3)
Total 43 (10.9) 148 (37.4) 247 (62.4) 256 (64.6) 309 (78) 86 (21.7)
P value 0.22 <0.01 <0.01 <0.01 0.30 0.27
Women (N = 720)
30-39 6 (5.7) 87 (18.2) 112 (19.9) 45 (11.1) 111 (20.4) 12 (11.8)
40-49 18 (17.1) 107 (22.3) 123 (21.8) 82 (20.3) 127 (23.4) 26 (25.5)
50-59 34 (32.4) 122 (25.5) 147 (26.1) 107 (26.4) 145 (26.7) 26 (25.5)
60-69 21(20.0) 85 (17.8) 97 (17.2) 85 (21.0) 85 (15.7) 17 (16.7)
70-79 26 (24.8) 78 (16.3) 84 (14.9) 86 (21.2) 75(13.8) 21 (20.6)
Total 105 (14.6) 479 (66.5) 563 (78.2) 405 (56.3) 543 (75.4) 102 (14.2)
P value <0.01 0.02 0.15 <0.01 0.46 0.06
Total 148 (13.3) 627 (56.2) 810 (72.6) 661 (59.2) 852 (76.3) 188 (16.8)

Data are reported as number with percent in parentheses. The Fisher exact test was used for statistical analysis. NCEP = National
Cholesterol Education Program-Adult Treatment Panel Ill; IDF = International Diabetes Federation; DM = diabetes mellitus; Wc = waist
circumference; HDL-C = high-density lipoprotein cholesterol; TG = triglycerides.
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the diagnostic criteria adopted, 13.5% of the subjects had
diabetes mellitus and 9.7% had FG 2100 mg/dL. According
to NCEP-ATPIII criteria, increased waist circumference was
almost twice more frequent in women (66.5%) than in men
(37.4%). According to IDF criteria, 78.2% of women and
62.4% of men had increased waist circumference and this
was the most prevalent MS component in women.

Prevalence of MS according to IDF criteria was signifi-
cantly associated with age, skin color, BMI, and educational
level, as estimated by age/gender and skin color-adjusted
odds ratio (OR) and logistic regression analysis (Table 3).
No association was observed between MS and gender,
family income or smoking status. Educational level was
significantly associated with MS components, hypergly-
cemia, increased waist circumference and hypertension
in women (Table 4).

The differences in the number of men and women
between Tables 2 and 4 are related to the fact that some
individuals did not answer the specific question about their

M.F. Gronner et al.

educational level. Regarding the difference between the
number of women and men in the study, men were not at
home at the time of the interview or refused to participate
more frequently than women.

Discussion

The prevalence of MS in an urban Brazilian population
was high, varied according to the criteria adopted and
was associated with an important social indicator, i.e.,
educational level.

Comparisons of published prevalence rates for different
populations are difficult. In Latin America, the prevalence
of MS among adults ranges from 20 to 50% depending on
the age group, gender and particular characteristics of the
population studied (18,19,24,25). In Brazil, data from most
epidemiological studies are restricted to specific population
groups (20,26-30), a fact thatimpairs comparisons. The MS
prevalence observed in the present study is higher than

Table 3. Estimated crude and age/gender/skin color-adjusted odds ratio (OR) of metabolic syndrome
prevalence according to IDF criteria in relation to different levels of demographic-related factors in an
urban population aged 30-79 years in the Southeastern region of Brazil.

Characteristics N (%) Crude OR (95%CI) Age/gender/skin color-adjusted OR (95%Cl)
Age groups (years)
30-39 63 (11.73) reference reference
40-49 111 (20.67) 2.15(1.47-3.16) -
50-59 140 (26.07) 2.68 (1.85-3.89) -
60-69 117 (21.79)  4.64 (3.06-7.04) -
70-79 106 (19.74)  4.77 (3.11-7.32) -
Gender
Female 342 (63.69) reference reference
Male 195 (36.31)  1.07 (0.84-1.37) -
Skin color
Non-white 145 (27.57) reference reference
White 381 (72.43) 1.65(1.28-2.14) -
Family income (minimal national wages)
<2 93 (19.14) reference reference
2-5 286 (58.85) 1.31(0.82-1.56) 1.18 (0.84-1.66)
5-10 86 (17.70)  0.99 (0.66-1.48) 0.92 (0.61-1.41)
>10 21 (4.32) 0.64 (0.35-1.16) 0.57 (0.30-1.07)
Educational level
Higher 29 (6.09) reference reference
Middle 94 (19.75)  1.38 (0.83-2.30) 1.64 (0.96-2.80)
Fundamental 353 (74.16) 2.51(1.58-4.00) 2.41 (1.47-3.96)
Smoking
No 421 (79.73)  1.25(0.94-1.66) 1.10 (0.81-1.48)
Yes 107 (20.27) reference reference
BMI
<25 90 (16.76) reference reference
225 447 (83.24) 5.68 (4.30-7.51) 6.33 (4.68-8.54)

IDF = International Diabetes Federation; BMI = body mass index.

Braz J Med Biol Res 44(7) 2011
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Table 4. Prevalence of metabolic syndrome components according to educational level among men and women of an urban population

aged 30-79 years in the Southeastern region of Brazil.

Fasting glycemia Waist circumference Blood pressure 2130/85 HDL-C levels TG levels 2150
2100 mg/dL or DM (IDF criteria) >90 (men) mmHg or anti-hypertensive <40 (men) or 50 mg/dL
or 80 cm (women) medication mg/dL (women)
Men (N = 356)
Educational level
Fundamental 24 (60) 161 (64.7) 151 (67.1) 178 (64.5) 52 (66.7)
Middle 11 (27.5) 64 (25.7) 54 (24.0) 74 (26.8) 20 (25.6)
Higher 5(12.5) 24 (9.6) 20 (8.9) 24 (8.7) 6 (7.7)
Total 40 249 225 276 78
P value 0.66 0.87 0.31 0.75 0.87
Women (N = 644)
Educational level
Fundamental 75 (83.3) 383 (69.9) 264 (74.4) 334 (69.2) 72 (75.8)
Middle 11 (12.2) 119 (21.7) 67 (18.9) 110 (22.8) 17 (17.9)
Higher 4(4.4) 46 (8.4) 24 (6.8) 39 (8.1) 6 (6.3)
Total 90 548 355 483 95
P value <0.01 <0.01 <0.01 0.14 0.19

The Fisher exact test was used for statistical analysis. IDF = International Diabetes Federation; DM = diabetes mellitus; HDL-C = high-

density lipoprotein cholesterol; TG = triglyceride.

recently reported, a fact that may be attributable to the
lower age of the group studied in 1999-2000, which included
people from 25 to 64 years of age (21). The prevalence of
MS in Brazil is relatively high compared to the prevalence
reported for the US and Europe (17) and the results confirm
the consistent finding of age-dependency of MS prevalence
as reported in most of the populations studied (12).

The higher prevalence of MS observed according to the
IDF definition than according to the NCEP-ATPIII definition
has been reported in different populations (15,31,32). The
difference between these two definitions is the lower cut-off
point for waist circumference and the mandatory presence of
central obesity for the diagnosis of MS by the IDF definition.
The importance of waist circumference in the definition of
MS and the identification of a larger segment of the popula-
tion at increased risk for mortality by IDF criteria have been
demonstrated by Katzmarzyk et al. (33) in a large sample
of men. A lower cut-off for waist circumference has been
proposed as a better criterion for the diagnosis of central
obesity in Brazil (34).

The association of MS and cardiovascular disease with
socioeconomic inequalities has been shown worldwide in
different populations (35-37). Ahigher risk of developing MS
has been recently shown among poorer Brazilian women
(21). In the present study, the prevalence of MS was as-
sociated with educational level but not with family income.
Educational levelis considered to be areliable and relevant
indicator of social position especially regarding women,
whose educational achievements are not rewarded with a
higherincome (23,37-38). MS prevalence was also associ-

www.bjournal.com.br

ated with skin color. Coincidentally, in Brazil the non-white
population attains a lower educational level than the white
population (23). However, the great miscegenation of the
Brazilian population should be pointed out. Moreover, in
the present study, skin color was self-defined.

The biological basis for the association with educational
disparities in MS remains unclear. It has been suggested
that socioeconomic position influences nutritional and sed-
entary habits that are highly associated with MS components
(39). Others have suggested that psychosocial stress could
induce the secretion of hypothalamic-pituitary-adrenal axis
hormones related to the development of MS (40).

The present study is limited by its cross-sectional
design that does not allow the establishment of causal
relations. One difficulty encountered by the research group
in particular was the lower adhesion of men compared to
women in the study.

In conclusion, this cross-sectional study conducted on
an adult urban Brazilian population indicates that MS is
highly prevalent and associated with an important social
indicator, i.e., educational level. In developing countries, the
health planning to prevent MS in particular should include
improvement in the education of the population and should
concentrate efforts on more comprehensible and effective
strategies to guarantee that health information will reach
all the strata of the population.
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