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Abstract

Introduction: Metabolic syndrome (MS) is a set of cardiovascular risk factors and type 2 diabetes, responsible for a 2.5-fold
increased cardiovascular mortality and a 5-fold higher risk of developing diabetes.

Objectives: 1-to evaluate the prevalence of MS in individuals over 18 years associated with age, gender, socioeconomic
status, educational levels, body mass index (BMI), HOMA index and physical activity; moreover, to compare it to other
studies; 2-to compare the prevalence of elevated blood pressure (BP), high triglycerides and plasma glucose levels, low HDL
cholesterol and high waist circumference among individuals with MS also according to gender; 3-to determine the number
of risk factors in subjects with MS and prevalence of complications in individuals with and without MS aged over 40 years.

Methods: A cross-sectional study of 1369 Individuals, 667 males (48.7%) and 702 females (51.3%) was considered to
evaluate the prevalence of MS and associated factors in the population.

Results: The study showed that 22.7% (95% CI: 19.4% to 26.0%) of the population has MS, which increases with age, higher
BMI and sedentary lifestyle. There was no significant difference between genders until age $70 years and social classes.
Higher prevalence of MS was observed in lower educational levels and higher prevalence of HOMA positive among
individuals with MS. The most prevalent risk factors were elevated blood pressure (85%), low HDL cholesterol (83.1%) and
increased waist circumference (82.5%). The prevalence of elevated BP, low HDL cholesterol and plasma glucose levels did
not show significant difference between genders. Individuals with MS had higher risk of cardiovascular complications over
40 years.

Conclusion: The prevalence of MS found is similar to that in developed countries, being influenced by age, body mass
index, educational levels, physical activity, and leading to a higher prevalence of cardiovascular complications after the 4th
decade of life.
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Introduction

Metabolic syndrome (MS) is a set of metabolic disorders that

represent risk factors for cardiovascular disease (CVD), athero-

sclerosis and diabetes mellitus type 2 (DM-2).

High blood pressure (BP) is a frequent component of MS, often

associated with insulin resistance and central obesity [1,2] and MS

is an independent predictor of cardiovascular risk in hypertensive

patients [3]. Over 85% of individuals with MS have high BP or

systemic arterial hypertension (SAH). Hypertensive patients

without clinical evidence of CVD show event rates directly related

to the number of risk factors for MS. Therefore the presence of

MS increases the risk of cardiovascular events by 2-fold and the

risk of developing DM-2 [4,5] by 5-fold.

Insulin resistance is a determining factor in the association

among obesity, diabetes, metabolic syndrome and atherosclerotic

cardiovascular disease [6,7]. Obesity, especially visceral fat, is an

important link among the components of the syndrome [8],

because visceral fat is highly active considering the metabolic

aspect. It is also more susceptible to lipolysis compared with

subcutaneous fat and is associated with systemic inflammatory

response [9]. The HOMA index (Homeostatic Model Assessment)

is an alternative for the assessment of insulin resistance, mainly

because it is a fast, easily applicable in epidemiological studies and

low-cost method. The HOMA index has proved be a robust

clinical and epidemiological tool in descriptions of the pathophys-

iology of diabetes. HOMA analysis allows assessment of inherent
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b-cell function and insulin sensitivity and can characterize the

pathophysiology in those with abnormal glucose tolerance [10].

It has been demonstrated that the prevalence of MS is

increasing worldwide, and for the adult population is estimated

to be about 20 to 25% [11], largely due to several factors, such as

ageing of the population, increased life expectancy and obesity,

sedentarism and inadequate nutrition [12]. Studies performed in

Latin American populations showed a high prevalence of MS

which ranged from 12.3% to 42.7%, depending on the criteria for

clinical diagnosis and the characteristics of the study population

[13].

Despite of the importance of MS in the context of metabolic

and cardiovascular disease, in Brazil, few studies have described

the prevalence of MS and its determinants. Thus, we found scarce

information on the importance of this problem in our country.

Therefore, this study aimed to evaluate the prevalence of

metabolic syndrome in an urban adult population, relating it to

demographic, anthropometric and biochemical parameters and

comparing it to national and international studies. Moreover, it

studied association of MS with risk factors and cardiovascular

complications.

Materials and Methods

This project was approved by the Research Ethics Committee

of the State Medical School in São José do Rio Preto, São Paulo

State, Brazil [14]. All participants were informed about the

purpose of the work and provided informed consent before they

participated in the study. This was a cross-sectional, population-

based study with simple random sampling and stratified by age

group in an urban population, with the objective to estimate the

prevalence of metabolic syndrome and associated factors in the

adult population ($18 years).

This study was performed in the period of 2004 and 2005.

Participants answered a questionnaire with personal data,

socioeconomic levels, number of years of schooling, lifestyle,

cardiovascular complications (angina, stroke, myocardial infarc-

tion, heart failure, coronary bypass). The sample was stratified by

age groups of 18–39, 40–49, 50–59, 60–69 and over 70 years old.

A total of 1,369 individuals who were submitted to the interviews

and laboratory tests were selected from the original sample of

1,717 individuals. 667 of them were men (48.7%) with average age

55.1614.9 years and 702 of them were women (51.3%) with

average age 55.0614.4 years [14]. The parameters used to

calculate the strata sample sizes were number of inhabitants,

expected prevalence of hypertension and MS for each age group,

maximum allowed 95% confidence interval with semi amplitude

of 3% [14].

The urban area was divided into census sectors and the number

of individuals studied from each sector was proportional to the

population of that area. In each sector, the district, street, and

house an adult (resident for more than 6 months) was chosen at

random observing the inclusion and exclusion criteria of the study.

After the visit to the first house, houses on alternating sides of the

street, skipping two residences, were visited. In cases of refusal to

participate in the study, an adult resident in the neighboring house

was randomly chosen. Exclusion criteria included pregnancy,

severe degenerative diseases, incapacitating mental disorders,

severe psychiatric diseases, mental deficiency and bedridden

patients [14].

Physicians subsequently evaluated the interviews, measured

pulse rate and BP, and assessed anthropometric data (weight,

stature).

Blood pressure was measured in compliance with standard

techniques of the Joint National Committee and Brazilian

Guidelines for Hypertension [15,16].

After 12 hours fasting, blood samples were taken for biochem-

ical tests of blood glucose, total cholesterol (TC), high density

lipoprotein cholesterol (HDL-c), triglycerides (TG) and plasma

insulin [14].

The socioeconomic level was initially classified as A, B, C, D

and E according to the family’s possessions and income. Later, 3

levels were adopted for statistical analysis [17]: AB (A+B), C and

DE (D+E). The educational level was classified into two groups:

NMI: no education to incomplete secondary education (0 to ,11

years of schooling); NMCS: complete secondary or higher

education ($11 years of schooling).

Physical activity was assessed by means of a modified

International Physical Activity Questionnaire (IPAQ); classifying

individuals as active and very active (if they exercised more than

150 minutes per week, including walking, running, swimming and

cycling) and inactive or minimally active (if they did not exercised

at all or exercised up to 150 minutes per week).

Individuals were also classified according to alcohol consump-

tion into the following categories: no alcohol consumption,

moderate alcohol consumption (consumption of ethanol #210

grams/week) and high alcohol consumption (consumption ex-

ceeding 210 grams/week).

Body mass index (BMI) was calculated as weight in kilograms

divided by the square of the height in meters (kg/m2). A calibrated

portable weighing scale was used to measure the weight. The

height was measured using a metric tape. The participants were

classified according to their BMI as following: normal weight

(BMI,25), overweight (BMI$25–29.9) and obese (BMI$30 kg/

m2). The waist circumference was measured with a tape measure

using half the distance between the iliac crest and the lower costal

margin [18]. HOMA-IR was calculated by using the following

formula:

HOMA� IR :

fasting insulin mcU=mLð Þ|fasting glucose mmol=L�ð Þ
22:5

Insulin resistance was defined as a value greater than 2.71 [19].

The HOMA index was evaluated in 840 individuals, which were

submitted to dosage of insulin. The insulin evaluation was not

performed in another subjects for technical reasons.

The classification adopted for the MS study was defined by the

National Cholesterol Education Program-Adult Treatment Panel

III (NCEP-ATP III) [5] and updated in 2009, with the following

diagnostic criteria: waist circumference (ethnic-specific criteria),

TG$150 mg/dl, HDL-c [,40 mg/dL (male) and ,50 mg/dL

(female)], BP (SBP$130 or DBP$85 mmHg), fasting glucose ($

100 mg/dL or DM-2), or in use of specific treatment for these

conditions [20].

The cutoff points for waist circumference utilized were: men $

102 cm and women $88 cm because Caucasians constitute the

majority of the studied population (71.58%) [21], and there is no

clear classification of the Brazilian population in racial terms.

Therefore, the prevalence of MS and its distribution was

evaluated according to age, gender, socioeconomic status,

education, physical activity, body mass index (BMI), high waist

circumference and MS diagnostic criteria. The relationship among

MS and dyslipidemia (changes in TG and HDL-c levels), alcohol

consumption, blood glucose, blood pressure, HOMA index and

cardiovascular complications were also evaluated.

Metabolic Syndrome and Risk Factors
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Statistical method
The results of this study were corrected for the population. To

assess the association between age and MS in both genders, with/

without complications, and overall, the likelihood ratio test for

independent samples was applied. The comparison between two

age levels was performed using the Bonferroni correction for the

significance level (a= 0.05/10 = 0.005 comparisons/comparison),

i.e., the a Bonferroni = 0.005 [22].

At the population level, sampling was done by age. We also used

the method of weighted least squares to analyze the association

between MS with all variables (hypertension, cardiovascular

complications, socioeconomic status, education level, gender, high

waist circumference, BMI, physical activity, number of factors of

metabolic syndrome in individuals with the syndrome, HOMA,

triglycerides, glucose, HDL-c) were analyzed.

The analysis of HDL-c in relation to alcohol consumption was

performed by means of bootstrap simulation method of convex

combinations with the same weights used for the analysis of

frequencies, where 1000 bootstrap samples were generated for

each comparison. The level of significance was a= 0.05 [23].

Results

The results for the different parameters evaluated are presented

by age and corrected for the population, as shown in Table 1.

The prevalence of MS was 22.7% (95% CI: 19.4% to 26.0%),

increasing with aging years, without a linear increase; but with a

significant difference among age groups (p,0.0005). The

percentage of individuals with MS in each age group was: 18–

39 years (14.2%), 40–49 years (25.6%), 50–59 years (38.2%), 60–

69 years (40.4%) and those aged $70 years 42.6%. The

prevalence was 3 times greater among elderly compared to

younger patients. The figure 1 shows the prevalence of MS

according to age.

Gender
The prevalence of MS in women was 22.7% (95% CI: 18.6% to

27.8%) in men and 23.3% (95% CI: 18.8% to 28.9%). The

women/men prevalence ratio was 0.98 (95% CI: 0.72 to 1.32;

p = 0.44), with no significant differences among different age

groups, except for age $70 years (65.4% in women and 34.6% in

men; p = 0.0005).

Socioeconomic Level
The prevalence of MS according to socioeconomic status was:

class AB 22.2% (95% CI: 16.9% to 29.2%), class C 21.5% (95%

CI: 17.1% to 27.1%) and class DE 25.2% (95% CI: 19.6% to

32.4%). The prevalence ratios were: C/AB: 0.97 (95% CI: 0.67 to

1.39; p = 0.87), DE/AB: 1.14 (95% CI: 0.78 to 1.65; p = 0.51), and

DE/C: 1.17 (95% CI: 0.83 to 1.65; p = 0.37).

Education
The prevalence of MS according to the level of education was:

27.7% (95% CI: 23.4% to 32.6%) up to incomplete secondary

level and 15.9% (95% CI: 11.8% to 21.5%) for complete

secondary level or higher. The prevalence ratio between NMI/

NMCS was: 1.73 (95% CI: 1.23 to 2.45; p = 0.002). It was also

observed 73% higher prevalence of MS in individuals with lower

educational level.

BMI
The prevalence of MS according to BMI was: 7.6% (95% CI:

5.1% to 11.3%) in normal-weight subjects, 23.7% (95% CI: 19.0%

to 29.5%) in overweight individuals and 51.6% (95% CI: 42.9% to

62.1%) in obese subjects. The prevalence ratios were overweight/

normal weight: 3.13 (95% CI: 1.96 to 4.98; p,0.0005), obese/

normal weight: 6.8 (95% CI: 4.36 to 10.7; p,0.0005) and obese/

overweight: 1.63 (95% CI: 2.91 to 5.28; p,0.0005).

HOMA-Index
The calculation of the HOMA index was performed in 841

individuals, because not all subjects showed insulin value. The

prevalence of positive HOMA index was: 26.5% (95% CI: 21.0%

to 33.5%) in subjects with MS, and in individuals without MS

6.7% (95% CI: 4.7% to 9.5%). The prevalence ratio between

positive and negative MS was: 3.96 (95% CI: 2.60 to 6.05; p,

0.0001), almost 4 times higher in subjects with MS compared to

those without MS. The figure 2 shows the prevalence of positive

Homa index and metabolic syndrome.

Table 1. Demographic, anthropometric and lifestyle characteristics of studied population.

Characteristics N % N
% corrected for the
population

Gender Male 667 49.7 211 23.3

Female 702 50.3 256 22.7

Socioeconomic status AB 288 17.8 92 22.2

C 584 45.4 195 21.5

DE 497 36.8 180 25.2

Education (schooling years) ,11 years 989 60.4 363 27.7

$11 years 380 39.6 104 15.9

BMI Normal-weight 538 44.2 75 7.6

Overweight 511 32.7 196 23.7

Obese 320 23.1 196 51.6

Physical Activity Inactive 924 66.9 353 26.1

Active 445 33.1 114 16.7

All the data are corrected for the total population of city. MS = Metabolic Syndrome; BMI = Body Mass Index.
doi:10.1371/journal.pone.0105056.t001

Metabolic Syndrome and Risk Factors
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Physical Activity
The prevalence of MS in the active or very active was 16.7%

(95% CI: 12.3% to 22.7%) and minimally active or inactive:

26.1% (95% CI: 22.1% to 30.9%), with prevalence ratios inactive/

active 1.56 (95% CI: 1.10 to 2.23; p = 0.007).

Alcohol and MS
Regarding the consumption of alcohol, higher consumption was

observed in males (p,0.0005). There was an association between

moderate and/or high alcohol consumption with HDL-c normal

or higher (p,0.0005) (figure 3). Individuals who did not consume

alcohol showed a higher percentage of low HDL-c (60.0%).

Among subjects who consumed .210 g/week of alcohol, the

prevalence of hypertriglyceridemia was 47.8%, and in consumer

groups with #210 g/week or abstainers, the prevalence was 22.7

and 25.3%, respectively (p,0.0005), with evidence of an

association between high alcohol consumption with hypertriglyc-

eridemia.

MS in hypertensive and normotensive
In this study, the prevalence of MS was 60.4% (95% CI: 54.2%

to 67.2%) among hypertensive patients, while only 9.5% (95% CI:

7.0% to 13.0%) of normotensive individuals were affected by the

syndrome. The MS prevalence ratio in hypertensive/normoten-

sive patients was 6.32 (95% CI: 4.57 to 8.75; p,0.0005).

MS components
The evaluation of individuals with MS showed that there was a

prevalence of MS components according to gender. Among the

population with MS, 85.0% (95% CI: 80.6% to 89.4%) of them

showed high blood pressure, 84.8% (95% CI: 79.4% to 90.6%) of

whom were women and 85.2% (95% CI: 78.6% to 92.3%) were

men, with no difference between genders. The prevalence ratio

men/women was 1.00 (95% CI: 0, 91 to 1.11; p = 0.94).

It was observed that 83.1% (95% CI: 79.4% to 86.8%) had

levels of lower HDL-c, being 84.2% (95% CI: 79.9% to 88.8%) in

women and 81.9% (95% CI: 76.1% to 88.2%) in men. The

Figure 1. Prevalence of Metabolic Syndrome according to age. It was observed that the prevalence of MS increased with aging years without
a linear increase, but with a significant difference among age groups (p,0.0005). The percentage of individuals with MS in each age group was:
14.2% for 18–39 years, 25.6% for 40–49 years, 38.2% for 50–59 years, 40.4% for 60–69 years and 42.6% for those aged $70 years.
doi:10.1371/journal.pone.0105056.g001

Figure 2. Prevalence of Homa Index+ and Metabolic Syndrome. The figure shows the prevalence of positive HOMA index according to age in
individuals with (MS+ = clear bars) and without (MS2 = dark bars) metabolic syndrome. The calculation of the HOMA index was performed in 841
individuals, because the insulin value was not determined in all the participants. It was observed that in subjects with MS+, in all the ages, the
prevalence of positive HOMA index was always higher than in individuals without MS. MS: Metabolic Syndrome.
doi:10.1371/journal.pone.0105056.g002

Metabolic Syndrome and Risk Factors
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prevalence ratio men/women was 0.97 (95% CI: 0.89 to 1.07;

p = 0.56).

In these individuals, 82.5% (95% CI: 77.9% to 87.0%) had

waist measurement above normal, 91.7% (95% CI: 87.2% to

96.4%) in women and 73.1% (95% CI: 65.8% to 81.3%) in men.

The prevalence ratio women/men was 1.25 (95% CI: 1.12 to 1.41;

p = 0.0001).

The prevalence of changes in TG levels was 69.0% (95% CI:

63.7% to 74.3%) of the individuals, 61.6% (95% CI: 54.4% to

69.8%) in women, and 76 6% (95% CI: 70.1% to 83.9%) in men,

with a prevalence ratio men/women of 1.24 (95% CI: 1.07 to

1.45; p = 0.004).

Levels of fasting glucose $100 mg/dl occurred in 36.4% (95%

CI: 31.3% to 41.5%) of the subjects, 36.7% (95% CI: 30.2% to

44.6%) in females and 36.0% (95% CI: 29.2% to 44.5%) in males.

The prevalence ratio male/female was 0.98 (95% CI: 0.73 to 1.31;

p = 0.89). The figure 4 shows the prevalence of MS components

according to gender.

Number of diagnostic criteria
Among individuals with MS, 57.7% (95% CI: 50.9% to 66.5%)

showed three criteria, 30.2% (95% CI: 23.1% to 37.4%) had four

criteria and 11.1% (95% CI: 6.2% to 15.9%) presented five

criteria.

Figure 3. Distribution of HDL-c levels in relation to alcohol consumption. The individuals were divided in according to alcohol consumption
into the 3 categories: no alcohol consumption (dotted line), moderate alcohol consumption (#210 grams/week; dashed line) and high alcohol
consumption (.210 grams/week; continuous line). It was observed an association between moderate and/or high alcohol consumption with HDL-c
level normal or higher (p,0.0005), while individuals who did not consume alcohol showed a higher percentage of low HDL-C level. The analysis of
HDL-c in relation to alcohol consumption was performed by means of bootstrap simulation method.
doi:10.1371/journal.pone.0105056.g003

Figure 4. Prevalence of Metabolic Syndrome components according to gender. The evaluation of individuals with metabolic syndrome
(MS) showed that there was a different prevalence of MS components according to gender (men = dark bars; women = clear bars). Among the
population with MS, 85.0% of them showed high blood pressure (85.2% in men and 84.8% in women). It was observed that 83.1% had low HDL-c
levels (81.9% in men and 84.2% in women), while 82.5% had waist measurement above normal (91.7% in women and 73.1% in men). The prevalence
of changes in TG levels was 69.0% (76.6% in men and 61.6% in women). Levels of fasting glucose $100 mg/dL occurred in 36.4% of the subjects
(36.0% in males and 36.7% in females). Blood pressure (BP), HDL-c: HDL-cholesterol, Waist: waist circumference, TG: Triglycerides, PGL: plasma glucose
level.
doi:10.1371/journal.pone.0105056.g004

Metabolic Syndrome and Risk Factors
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MS prevalence in the population $40 years, according to
complications

The presence of cardiovascular complications was 11.4% (95%

CI: 8.6% to 15.0%) in individuals with the syndrome and 6.1%

(95% CI: 4.6% to 8.2%) in those individuals without MS. The

prevalence ratios of complications among individuals with and

without metabolic syndrome were 1.85 (95% CI: 1.24 to 2.74;

p = 0.002).

Discussion

In this study, it was used the updated NCEP-ATP III criteria as

a useful, simple and inexpensive guideline for MS diagnosis, to

describe the prevalence of MS in adults according with age,

gender, socioeconomic status, educational levels, BMI, HOMA

index and physical activity [5]. Another classification usually

utilized for definition of MS is based in The International Diabetes

Federation (IDF) criteria; however, IDF and ATPIII criteria show

a good agreement, reason why was used the updated ATP III

classification, without comparisons between them [20]. The

population prevalence of MS (22.7%) was very similar to that

seen in the American study NHANES (23.7%) [24], maybe

because it adopted similar criteria for age distribution and

included the urban population only. In Brazil, a systematic review

showed a mean prevalence of MS of 29.6% (range: 14.9%–65.3%)

[25]. However, the studies were performed in little population

samples [25]. Despite the methodological differences (half of these

studies used the definition proposed by NCEP-ATP III) and the

lack of consensus on criteria for MS diagnosis, this review

indicated a high prevalence of MS in the healthy Brazilian adult

population. As mentioned in the literature, increased prevalence of

MS with age [24,26] was also observed in the present study.

There were no significant differences between genders in all age

groups, except for individuals aged $70 years, in which there was

a predominance of females (65.4%). Ervin noted that men and

women aged 40–59 years were three times more likely to have MS

compared with those ranging in age from 20–39 years. In men

aged $60 years, this probability was 4 times higher, and in women

of the same age, the chance was increased by 6 times [27].

In the present study, the prevalence of MS was 3 times higher in

elderly subjects ($60 years) in relation to the group ,60 years. It

was also 4 times higher among females and 2.2 higher among

males. These differences can be explained because in individuals

with less than 60 years of age, there were differences regarding

susceptibility of MS components among genders, including

obesity, insulin resistance, SAH and CVD. The differences in

insulin resistance seem to be related to differences in the

anatomical distribution of fat: men have a greater amount of

visceral fat, linked to insulin resistance, whereas subcutaneous fat is

more predominant in women [28].

The prevalence of higher MS in classes DE (25.2%) compared

to class AB (22.2%) and C (21.5%), although not statistically

significant, shows a trend of higher prevalence in lower

socioeconomic levels. Ramsay et al. observed inverse relation

between social class and MS in adults, which can be explained by

several factors, such as physical activity, alcohol consumption and

smoking [29]. Cesarino and colleagues demonstrated in São José

do Rio Preto (Brazil) that hypertensive adults belonging to working

age population are mostly Caucasians and married, have low level

of education and belong to the lower social classes [30]. In the

present study, the prevalence of MS was 73% higher in individuals

with lower educational level. In a Brazilian study, educational level

was significantly associated with MS components, hyperglycemia,

higher waist circumference and hypertension in women. The level

of education is considered a reliable and relevant indicator of

social status, especially in relation to women whose housework

schedules are not always paid. The biological basis for the

association with educational disparities in SM remains unclear. It

has been suggested that socioeconomic status influences nutrition

and sedentary habits, which are highly related to MS components

[31].

It can also be observed, in all age groups, a higher prevalence of

MS in overweight and obese individuals. Prevalence of the obesity

and the MS is quickly increasing in developing countries, leading

to higher morbidity and mortality, according to studies realized in

several populations, as shows the table 2. This table presents

essential information on MS from similar studies performed in

developing countries (prevalence of MS according to different

criteria diagnosis, numbers of patients and age range, and

comparison among diagnosis criteria of MS used in the studies)

[25,32–48]. The burden of overweight and obesity seems to be

related to nutrition transition in the last decades. In Brazil,

between the periods 1974/75 to 2008/09, it has been observed a

reduction of underweight individuals and an increase in the rate of

overweight (18.6% to 50.1% in men and 28.6 to 48.0% in women)

and obesity (2.8% to 12.8% in men and 7.8 to 16.9% in women).

Perhaps this can be explained by a reduction in the consumption

of basic foods and increased participation of ultra processed foods

in the diet used [49]. So, overweight and obesity is a natural

consequence of nutrition and sedentary lifestyle. Increasing

burden of obesity, MS, DM-2 and CVD in developing countries

has created an urgent need to strategize health policies and mass

interventions programs [50]. Thus, the determination of insulin

resistance levels is of clinical importance to identifying individuals

with high risk of metabolic diseases and atherosclerosis [19]. In this

study, the prevalence ratio among individuals with MS/without

metabolic syndrome (3.96) shows a lot higher prevalence of

positive HOMA index in individuals with MS. The values of

insulin resistance are predictors of cardiovascular and atheroscle-

rotic events. Surrogate measures of insulin sensitivity such as

HOMA index can be used to measure the levels of glucose and

insulin [19].

In this study, the prevalence of MS was 6 times higher in the

hypertensive population, with 14 times greater risk of MS in

hypertensive compared with non-hypertensive individuals, indi-

cating a clear association between SAH and other risk factors for

CVD. The presence of MS in hypertensive patients significantly

increases the risk for CVD, DM-2 and mortality. The NCEP-ATP

III classification was used in three European countries and a high

prevalence of MS in hypertensive patients was found in 61% of

patients in Germany, 22% in Spain and 21% in Italy. The

incidence of CVD and mortality was 2 times higher in individuals

with MS, and the prevalence of DM-2 was 6 times higher [51].

A study by Franco et al. found a high prevalence of MS among

hypertensive patients in the city of Cuiabá, significantly associated

with BMI.25 Kg/m2, with insulin resistance (HOMA index) and

especially with a family history of hypertension in the multiple

regression analysis [52]. The order of prevalence of MS

components in the studied population was: high BP (85.0%),

HDL-c (83.1%), high waist circumference (82.5%), TG (69.0%),

and blood glucose (36.4%), observing significant differences

between genders only in waist circumference values and TG

values. Among men, the prevalence order of factors was: high BP

(85.2%), HDL-c (81.9%), TG (76.6%), waist circumference

(73.1%) and blood glucose (36.0%), and among women: waist

circumference (91.7%), high BP (84.8%), HDL-c (84.2%), TG

(61.6%) and blood glucose (36.7%). Evaluating the prevalence

ratios of MS components between genders, significant differences
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in waist circumference (more prevalent among women) and TG

levels (more prevalent among men) were observed. A study by

Ervin found that more prevalent components of MS were high

waist circumference, SAH and high TG. Among men, high TG,

high BP and blood glucose was found; whereas among women,

high waist circumference and low HDL-c [27]. These findings

were very similar to present study. In a Swedish study, high BP

was the most common component in both sexes, followed by high

waist circumference among women and changes in TG levels

among men [53]. In China, the prevalence of individual

components of MS was in order: high BP, TG, plasma glucose,

central obesity and HDL-c in men and high BP, central obesity,

TG, HDL-c and plasma glucose in women [54]. In a Brazilian

systematic review, the most frequent MS components were low

HDL-c (59.3%) and high BP (52.5%) [25].

In order to investigate the association of two components of MS

(HDL-c and TG) with alcohol use in both genders, 3 levels of

alcohol consumption were compared in studied individuals. In

individuals with MS, it was found that moderate or high

consumption of alcohol was related to higher prevalence of

HDL-c normal or increased when compared to abstainers.

Prevalence of hypertriglyceridemia was higher among individuals

with high alcohol consumption (47.8%) compared with those with

moderate consumption (22.7%) and abstainers (25.3%) (p,

0.0005); therefore, a higher alcohol consumption in males could

explain a higher prevalence of hypertriglyceridemia, as well as the

association between moderate/high consumption alcohol with

normal or high HDL-c. Despite higher plasma levels of HDL-c

with alcohol consumption and the clear prevalence of alcohol

consumption among men, there was no significant difference in

HDL-c between genders. Epidemiologic studies demonstrate

higher levels of HDL-c in alcohol consumers. Alcohol affects

lipoprotein metabolism in several stages. Regular consumption

may be associated with increased synthesis of lipoproteins,

decreased degradation of HDL-c, greater hepatic metabolism of

LDL-cholesterol, further increase of triglycerides, with the

inhibition of the oxidation of free fatty acids. Alcohol consumption

is also responsible for modifying the dynamic metabolism of HDL-

c [55]. In South Korean, a study observed significantly higher TG

levels among excessive drinkers men. Such high consumption of

alcohol was associated with high risk of MS due to high BP,

impaired fasting glucose, abdominal obesity and TG [56].

Patients over 50 years showed a higher prevalence of increased

mass index (overweight and obese) in women (63.1%) compared to

men (36.9%) (p = 0.01), which may explain the highest prevalence

of increased waist circumference in women. Ervin also noted

greater abdominal obesity in patients over 40 years old [27].

Metabolic syndrome becomes more common with age and body

weight increase.

In this study, after analyzing the prevalence ratio between

inactive/active patients, it was concluded that inactive individuals

were 56% more likely to have MS. A Japanese study showed that

moderate-vigorous physical activity was sufficient to reduce the

prevalence and risk to develop metabolic syndrome among

middle-aged men and women [57]. In Norway, HUNT 2 study

demonstrated that among individuals with MS, even low level of

physical activity was associated with reduced mortality due to all

causes, including cardiovascular diseases [58].

In the studied population, 57.7% of individuals with MS had 3

risk factors, 30.2% of them had four risks and 11.1% of them

showed five factors. Kokubo et al. showed that the incidence risk

for CVD increased according to the number of MS components.

The risk was similar among individuals with the same number of

components [59].
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The prevalence of cardiovascular complications was evaluated

in subjects $40 years, due to the larger number of events among

this age group. Among individuals with MS, 11.4% were affected

by complications compared to 6.1% without the syndrome. By

analyzing the prevalence ratios of complications among individ-

uals with and without MS, it is concluded that individuals with MS

are 50% more likely to be affected by complications. Evidence

shows that metabolic and hemodynamic abnormalities of MS are

associated with the prevalence of subclinical damage in various

organs, as well as with increased risk of fatal cardiovascular events

[60]. Individuals with MS have cardiovascular risk 50–60% higher

than those without the syndrome [61]. A meta-analysis of 87

studies (951,083 patients) showed that MS was associated with a 2-

fold increase in risk for CVD and 1.5-fold increase in all-cause

mortality [62]. Patients with MS, but without diabetes, also had

high cardiovascular risk.

Limitations of the study
Some limitations of this study should be mentioned. Firstly, the

guidelines of the American Diabetes Association recommend the

confirmation of hyperglycemia through a second blood glucose

measurement, which was not performed in this study. However, in

the epidemiological studies, including NHANES, used almost

exclusively a single blood glucose measurement for the diagnosis of

DM. Secondly, we did not assess the interference of antilipemic

drugs in the lipid values determination. Thirdly, the calculation of

HOMA index was not performed in the total samples as not all

subjects showed insulin values. Finally, data concerning compli-

cations were obtained from the clinical history, without conducting

specific tests which evidence that the organic lesion occurred.

On the other hand, this population-based, age-stratified study,

with a normotensive control group, is unique as it gathers different

demographic, epidemiologic and risk factors involved in the

genesis of hypertension and CVD in a single sample with a

population assessment calculation, which might be extrapolated to

other hypertensive populations.

Conclusions

The prevalence of MS in this study is similar to that of

developed countries: it increases with age, shows no significant

differences between sex and among social classes. However, lower

levels of education are associated with higher prevalence of MS.

Metabolic syndrome is more prevalent in individuals with higher

BMI (especially obese) and inactive or minimally active. The

positive HOMA Index is more prevalent in individuals with MS.

The diagnostic criteria for MS with a higher prevalence are: high

blood pressure, low HDL-C and high waist circumference.

Diagnostic criteria - high BP, low HDL-C and changes in blood

glucose - similarly affect both genders, with no significant

differences. There was a higher prevalence of high waist

circumference in women, and high TG in men. Individuals aged

$40 years with MS have a higher prevalence of cardiovascular

complications. Therefore, we understand that this is one of the first

studies conducted in Brazil addressing different aspects involved in

the metabolic syndrome and may serve as a warning for public

authorities to control and prevent obesity and hypertension.
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Ballart JD, Salas Salvadó J, et al. (2011) The prevalence of metabolic syndrome

in Latin America: a systematic review. Public Health Nutr 14: 1702–1713.

14. Cipullo JP, Martin JF, Ciorlia LA, Godoy MR, Cação JC, et al. (2010)

Hypertension prevalence and risk factors in a Brazilian urban population. Arq

Bras Cardiol 94: 488–494.

15. Chobanian AV, Bakris GI, Black HR, Cushman WC, Green LA, et al. (2003)

The seventh report of the Joint National Committee on Prevention, Detection,

Evaluation, and Treatment of High Blood Pressure. The JNC 7 Report. JAMA

289: 2560–2572.

16. VI Diretrizes Brasileiras de Hipertensão (2010) Information on Brazilian

Guidelines for Hypertension. Available: http://publicacoes.cardiol.br/

consenso/2010/Diretriz_hipertensao_ERRATA.pdf. Accessed 2013 Sep 07.

17. Krieger N, Williams DR, Moss NE (1997) Measuring social class in U.S. public

health research: concepts, methodologies, and guidelines. Annu Rev Publ Health

18: 341–378.

18. Associação Brasileira para o Estudo da Obesidade e da Sı́ndrome Metabólica
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