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Resumen 
Introducción: la identificación de los riesgos o los patrones de comportamiento de protección asociados con la adiposidad abdominal puede 
ayudar en las medidas de prevención y promoción de la salud.

Objetivo: identificar y establecer la asociación entre los patrones de comportamiento de riesgo y de protección y la adiposidad abdominal en 
adultos en una ciudad brasileña.

Material y métodos: se llevó a cabo un estudio transversal basado en la población en Viçosa, Brasil, con 1.226 adultos de ambos sexos. Se 
recogió información sobre las características sociodemográficas, la ingesta de alimentos, el nivel de actividad física, el consumo de bebidas 
alcohólicas y el hábito tabáquico mediante un cuestionario. La medición antropométrica de la circunferencia de la cintura y de los índices antro-
pométricos cintura/cadera y cintura/altura fueron los indicadores de adiposidad abdominal. Para identificar los patrones de comportamiento, se 
aplicó un análisis factorial exploratorio de las variables de riesgo o factores de protección considerados. La asociación de los patrones identificados 
con la adiposidad abdominal se estimó por regresión lineal múltiple, ajustada por género, edad y nivel socioeconómico.

Resultados: se establecieron dos patrones, “sano” y “riesgo”. El patrón “sano”, compuesto por la agrupación de las variables consumo de 
alimentos, frutas, zumos de fruta fresca, verdura cruda y cocida y el nivel apropiado de actividad física, se asoció negativamente con la adiposidad 
abdominal identificada por la circunferencia de la cintura (p = 0,048) y los índices cintura/cadera (p = 0,013) y cintura/altura (p = 0,018). El 
patrón de “riesgo”, compuesto por hábito tabáquico, abuso de alcohol y consumo de grasa visible en carnes rojas ricas en grasa o piel de las 
aves, se asoció positivamente con la adiposidad abdominal identificada por la circunferencia de la cintura (p = 0,002) y las ratios cintura/cadera 
(p = 0,007) y cintura/altura (p = 0,006).

Conclusiones: fueron identificados dos patrones de comportamiento, el patrón de riesgo y el patrón de protección, relacionados con la adiposidad 
abdominal en la población estudiada. El estudio muestra la importancia de agrupar múltiples factores de riesgo y de protección para explicar 
mejor las condiciones de salud de un grupo.
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Abstract 
Introduction: The identification of risk or protective behavioral patterns associated with abdominal adiposity may aid in prevention and health 
promotion measures. 
Objective: To identify and to associate behavioral patterns of risk and protection to abdominal adiposity in adults in a Brazilian city.

Material and methods: A population-based cross-sectional study was carried out in Viçosa, Brazil, with 1,226 adults of both sexes. Informa-
tion on social-demographic characteristics, food intake, level of physical activity, alcohol consumption and smoking were collected by using a 
questionnaire. The anthropometric measurement of waist circumference and anthropometric indices waist/hip ratio and waist/height ratio were 
indicators of abdominal adiposity. To identify behavioral patterns, exploratory factor analysis was applied for the variables considered as risk or 
protective factors. The association of the identified patterns with abdominal adiposity was estimated by multiple linear regression, adjusted for 
gender, age and social economical class.

Results: Two patterns were obtained, “healthy” and “risk”. The “healthy” pattern, comprised of the clustering of the variables food consumption, 
fruits, fresh fruit juices, raw and cooked vegetables and the appropriate level of physical activity, was negatively associated with abdominal adi-
posity identified by waist circumference (p = 0.048), waist/hip (p = 0.013) and waist/height (p = 0.018) indices. The “risk” pattern, composed of 
smoking, alcohol beverage abuse and habit of consuming visible fat in fat-rich red meat or poultry skin, was positively associated with abdominal 
adiposity identified by waist circumference (p = 0.002) and waist/hip (p = 0.007) and waist/height indices (p = 0.006). 

Conclusions: Two behavioral patterns were identified, a risk pattern and a protective pattern for abdominal adiposity in the assessed population. 
The study shows the importance of conducting clustering of multiple risk and protective factors to better explain the health conditions of a group.
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INTRODUCTION

Obesity is characterized by excessive accumulation of body fat (1) 
and represents a serious public health issue due to its trend of increas-
ing prevalence and the impact it has on society (2). Body mass index 
(BMI) has been the most frequently used method to define excess body 
weight; however, it is unable to differentiate between lean mass and fat 
mass (3) and so central obesity measures have been recently recom-
mended due to a strong association with morbidity and mortality (4-6).

Abdominal adiposity is defined as the accumulation of intra-ab-
dominal fat and it has been considered as an important risk factor 
for major chronic non-communicable diseases (NCDs) (7). Although 
there are sophisticated methods for evaluating abdominal fat, from 
an epidemiological point of view, the anthropometric indicators are 
considered for being used in population studies due to their low cost 
and ease of use (8). Waist circumference, waist-to-hip ratio and waist-
to-height ratio are alternative proposals for the detection of abdominal 
obesity and have been strongly associated with cardiometabolic risk 
(5). However, even though there is consensus about the importance 
of measuring such anthropometric measures, epidemiological studies 
have not been able to demonstrate the measure or index that shows a 
better association with unhealthy behavioral patterns (7,9,10), making 
it necessary to carry out further studies that compare these indices to 
verify which one is more associated with behavioral patterns.

Studies in some countries have shown that abdominal adiposity in 
adults has increased over the past few years (11-13). This increase 
is attributed to changes in eating patterns and physical activity, 
increased stress and endocrine disruptors (14), and socioeconomic 
factors such as education level, income and occupation (8). Adequate 
dietary intake of fruits and vegetables and level of leisure physical 
activity, no smoking and no alcohol consumption has been associated 
to a lower risk of abdominal obesity (15-17). 

The exploratory factor analysis has been increasingly used since 
this technique allows to identify the clustering of variables, showing 
the interrelations among them (18,19). 

However, in nutritional epidemiology, most of the published papers 
that used this technique have focused on the clustering of foods/
nutrients in the definition of dietary patterns (20,21), rather than on 
identifying abdominal adiposity risk or protection patterns by clustering 
behavioral and dietary variables. In addition, some unhealthy behav-
iors may interact, producing an even greater risk than the individual 
ones (22).

However, studies that make associations between abdominal adi-
posity risk or protection factors are rare and inconclusive (23,24). 
Therefore, it is of great importance to identify behavioral risk and 
protection patterns in predicting abdominal obesity so that intervention 
strategies to prevent and to control this type of worsening may be 
better targeted, with actions that promote health.

MATERIAL AND METHODS

This work is an epidemiological cross-sectional designed study 
conducted in the urban area of the city of Viçosa, Brazil, from 
September 2012 to April 2014. It was carried out by the health 

and nutrition study group of Viçosa (ESA/Viçosa). Data collec-
tion involved two steps: visits to the subjects’ residences with 
the application of a structured questionnaire and anthropometric 
measurements on the university facilities. The fieldwork flow and 
all instruments used in the data collection were previously cali-
brated and tested in a pilot study (25,26).

The study sample was made up of adults of both sexes; 50.8% 
were women, from 20 to 59 years old. For sample calculation, the 
formula for prevalence estimates was used, considering the total 
number of individuals between 20 and 59 years old living in the 
urban area of   Viçosa, totaling 43,431 people (27), an estimated 
prevalence of 50% (since this study is part of a thematic research 
project where other outcomes were analyzed), confidence level of 
95%, sampling error of 4.1 percentage points and estimated deff 
(design effect sampling per cluster) of 1.55. An increase of 20% 
occurred for losses and refusals, and 10% for control of confu-
sion factors. By using Epi-Info, version 3.5.2® (28), calculations 
evidenced a minimal sample size (n) of 1,137 participants. 

The following were considered as exclusion criteria: pregnant 
women, postpartum women, bedridden individuals or those unable 
to be measured, and individuals with cognitive/intellectual difficul-
ty or who were not able to answer the questionnaire. Individuals 
who reported having a previous diagnosis of diabetes or cardio-
vascular disease were not excluded from this study because the 
prevalence of these outcomes was considered to be low.

Two-stage cluster sampling was carried out. First, census sec-
tors were randomly selected. After that, a block and a corner 
were selected, from which fieldwork was started in a clockwise 
direction. Thirty census sectors were randomly selected from 99 
census sectors existing in Viçosa by simple random sampling with 
no replacement.

The information collected from the questionnaire consisted of 
social-demographic characteristics, food intake, physical activi-
ty level, alcohol consumption and smoking. The questions used 
in this survey were based on the Surveillance System of Risk 
and Protective Factors for Non Communicable Diseases through 
Telephone Interviews (Vigilância de Fatores de Risco e Proteção 
para Doenças Crônicas por Inquérito Telefônico, VIGITEL) (26), 
held annually in Brazil. The anthropometric measurements used 
in this study were performed by measuring the height and the 
circumferences of waist and hip (29).

The social demographic variables were as follows: age (complet-
ed years), education degree in completed years of study (defined 
as 0-3, 4-7, and ≥ 8 years of schooling) and socioeconomic status, 
determined by tools of the Brazilian Association of Research Com-
panies (30) and classified into A and B, C and D and E. 

The risk behavior indicators for abdominal adiposity included in 
this study were: smoking, abusive consumption of alcoholic bev-
erages, excessive screen time, consumption of sugar-sweetened 
beverages at least five times a week, considered regular, and habit 
of consuming saturated fat source food, such as whole milk, red 
meat with visible fat and poultry skin.

Smoking was categorized into smokers, former smokers and 
non-smokers, regardless of the frequency and intensity of using 
tobacco (31). The abusive consumption of alcohol was considered 
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as present when the intake of at least five shots in a single sitting 
occurred, based on the reference of the past 30 days for men 
and at least four for women. The standard was considered as the 
consumption of half a bottle or a can of beer, a glass of wine or a 
shot of distilled drink (32). The screen time was evaluated by sum-
ming the time the individual spent watching television or using the 
computer on weekdays and weekends. The cut-off point, indicator 
of a sedentary behavior, was the sum of the time longer than or 
equal to four hours a day watching TV or using the computer (33).

Among the behavioral indicators related to protective factors for 
abdominal adiposity, the following were included: the appropriate 
level of physical activity in leisure time and regular consumption of 
fruits, fresh fruit juices, raw salads, cooked vegetables and beans.

The level of physical activity during leisure time was assessed 
by the specific section of the long version of the International 
Physical Activity Questionnaire. The cut-off for physical activity 
practice time longer than or equal to 150 minutes per week to 
classify individuals as physically active (34) was used. Dietary 
intake associated with protection for abdominal adiposity was 
regarded from the report of intake of fruits, fresh fruit juices, 
vegetables and beans for at least five days a week, which was 
considered as regular consumption.

Abdominal adiposity was evaluated by means of anthropometric 
parameters of waist circumference (WC), waist-to-hip ratio (WHR) 
and waist-to-height ratio (WHER). Waist circumference was meas-
ured by using an nonelastic 2-m long measuring tape (Sanny®, 
São Paulo, SP, Brazil), the measurement being made at the mid-
point between the iliac crest and the last rib. Hip circumference 
was measured at the most protuberant area of   the buttocks, and 
height was measured by a fixed rod stadiometer (Welmy®, in wall, 
Santa Bárbara D’Oeste, SP, Brazil), with a length of 2.5 m and 
resolution of 0.1 cm. 

The cut-offs used were those proposed by Grundy et al. (35) 
to determine the prevalence of abdominal adiposity based on the 
evaluation of waist circumference, which considers that men with 
a WC ≥ 90 cm and women with a WC ≥ 80 cm have central obe-
sity. WHR was determined by the following equation: [WHR = WC/
hip circumference (cm)], and the cut-offs used were men with a 
ratio ≥ 1 and women ≥ 0.85 were considered as having central 
obesity (36). The cut-offs proposed by Ashwell and Hsieh (37), 
which consider that values ≥ 0.5 for men and women indicate 
abdominal adiposity, were used to determine adiposity prevalence 
from the evaluation of the waist-to-height ratio. Measurements 
were performed in triplicate by a single evaluator, using the aver-
age of the measurements in the analysis.

For the identification of behavioral patterns, the methodology of 
exploratory factor analysis was applied to the answers obtained 
from the structured questionnaire. Prior to the calculation of the 
principal component analysis (PCA), the coefficient of Kaiser-May-
er-Olkin (KMO) and Bartlett’s sphericity test were estimated to 
assess the quality of the correlations among the variables. After 
that, the factors were extracted by the principal components anal-
ysis method, rotated by an orthogonal transformation (varimax), 
retaining those with eigenvalues > 1.3, defined according to the 
scree plot graph of the variance for the number of components. 

The exploratory factor structure was obtained from the indicators 
that presented factor loadings larger than 0.3, a score was deter-
mined for each behavioral pattern using principal components 
factor analysis, and the patterns were named according to the 
retained indicators.

The association among the patterns and abdominal obesity 
anthropometric indicators was analyzed using linear regression 
models. The WC, WHR and WHER variables presented a symmetric 
distribution (p > 0.05; Shapiro-Wilk test). The main independent 
variable was the score of the patterns, those which had a p < 0.20 
in the linear regression analysis. The models were adjusted by 
confounding variables such as gender, age and social economical 
class. A significance level of 5% was considered in the study.

Quality control of this study was performed by applying, at ran-
dom, questions of the questionnaire to 10% of the sample by 
phone calls and double data input. After checking data consist-
ency, analyses were performed in the STATA statistical package, 
version 13.1, by taking into account the effect of sample design by 
the “svy” command group, which considered the complex sample 
design (sampling by clustering in two steps and prior stratification 
through census sectors). Sample weights, considering gender, age 
and education, were calculated in order to equalize differences in 
the social-demographic composition of the sample in relation to 
the composition of the adult population of the city, according to 
the 2010 census distribution (27).

The project was submitted and approved by the Ethics Commit-
tee, under protocol number 008/12. Participants of the study were 
requested to sign the terms of free consent, which was explained 
to them before data collection.

RESULTS

In this study 1,226 interviews were conducted, of which 50.8% 
were answered by women, 32.7% of the interviewees were 20 to 
29 years old, 71.7% reported to have been at school for more than 
eight years and 64.6% were in middle C social economical class.

The frequencies of variables used as of risk or protection indi-
cators for abdominal adiposity in the principal component analysis 
are presented in table I.

For protection indicators, regular consumption of raw salads 
(53.5%) and regular consumption of beans (86.2%) were reported 
by the interviewees. 

In relation to risk indicators, the habit of consuming whole milk 
and red meat with visible fat and/or poultry skin was reported by 
59.0% and 55.3% of the respondents, respectively. 

The values presented in the tests for evaluation of the correlation 
between the indicators of protection or risk of abdominal adiposity 
and the adjustment for using factor analysis to identify behavioral 
patterns were satisfactory for the PCA (KMO = 0.60 and Bartlett’s 
sphericity = 0.000). By means of the exploratory factor analysis, 
five components were found, two of which had eigenvalues larger 
than 1.3, explaining 23.78% of the components variation. After 
orthogonal rotation, two components remained in the correlation 
matrix, representing a behavioral pattern of risk and one of pro-
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tection. Of the 12 variables regarded as risk or protection factors 
for the tested abdominal obesity, those considered to be valid to 
remain in each component were the indicators with saturation 
higher than 0.3 (indicated in italics), shown in table II.

The means of waist circumference, waist-to-hip ratio and waist-
to-height ratio among men were 87.4 cm (95% CI 85.3-89.5), 
0.91 (95% CI 0.89-0.92) and 0.51 (95% CI 0.50-0.53), respec-
tively. Abdominal adiposity evaluated by waist circumference was 
present in 12.8% (95% CI 9.4-17.1) of the male participants, by 
means of the waist-to-hip ratio in 25.3% (95% CI 21.0-30.2) and 
waist-to-height ratio in 44.7% (95% CI 39.4-50.1). 

For women, the average of waist circumference was 80.6 cm 
(95% CI 78.5-82.6), the mean of waist-to-hip ratio was 0.82 
(95% CI 0.85-0.88) and the average of waist-to-height ratio 
was 0.55 (95% CI 0.35-0.56). Abdominal adiposity evaluated by 
measurement of waist circumference was present in 23.9% of 
women (95% CI 19.6-28.7), by waist-to-hip ratio in 55.3% (95% 
CI 49.8-60.5) and by waist-to-height ratio in 29.1% (95% CI 
24.6-34.0).

The first behavioral pattern found in the study was termed 
“Healthy Pattern”. It explained 12.58% of the variance and 

Table I. Frequency of risk and protective 
factor for abdominal adiposity in the 
population, Viçosa, Brazil, 2012-2014

Indicator
Proportion* 

(%)

Confidence 
interval  
(95% CI)

Regular consumption of fruits† 34.8 (30.3-39.5)

Regular consumption of fresh 
fruit juice†

16.6 (13.1 -20.8)

Regular consumption of raw 
salads†

52.5 (44.1-60.7)

Regular consumption of 
cooked vegetables†

30.0 (26.7-33.5)

Regular consumption of beans† 86.7 (83.9-89.5)

Regular consumption of sugar-
sweetened beverages†

27.6 (23.0-32.6)

Habit of consuming whole milk 59.3 (54.5-63.9)

Habit of consuming fat-rich 
meat‡

57.4 (52.2-62.5)

Smoking habit 17.9 (14.1-22.4)

Over consumption of alcohol§ 42.6 (37.6-47.7)

Physically activeǁ 20.9 (15.4-27.8)

Excessive screen time¶ 17.8 (13.8-22.5)

*Proportion weighed by gender, age and schooling. †Consumption of fruit, fresh 
fruit juice, raw salads and cooked vegetables, beans and sugar-sweetened 
beverages five or more days a week. ‡Consumption of red meat without 
removing visible fat or poultry skin from the food. §Consumption of > 5 shots 
(man) and > 4 shots (woman) in ≥ 1 day in the last 30 days. ǁTime of physical 
activity practice longer than or equal to 150 minutes per week. ¶Time spent in 
front of TV or computer longer than or equal to four hours a day. 

Table II. Rotated factor loadings  
for the first two factors of principal 

component analysis of the population, 
Viçosa, Brazil, 2012-2014

Indicators 
“Pattern 

1” Healthy 
Pattern 

“Pattern 
2” Risk 
Pattern 

Commu-
nality 

Regular consumption 
of fruits†

0.39 -0.27 0.42

Regular consumption of 
fresh fruit juice†

0.35 -0.15 0.48

Regular consumption of 
raw salads†

0.71 -0.01 0.55

Regular consumption of 
cooked vegetables†

0.64 -0.10 0.46

Regular consumption 
of beans†

0.23 0.02 0.41

Regular consumption 
of sugar-sweetened 
beverages†

0.01 0.21 0.51

Habit of consuming 
whole milk

-0.01 -0.06 0.61

Habit of consuming 
fat-rich meat‡

-0.16 0.57 0.45

Smoking habit -0.11 0.33 0.60

Over consumption of 
alcohol drinks§

0.01 0.77 0.63

Physically activeǁ 0.43 0.28 0.49

Excessive screen time¶ -0.02 -0.03 0.77

Eigenvalues 1.51 1.34

Percentage of 
explained variance

12.58 11.20

Percentage of 
explained cumulative 
variance

12.58 23.78

Observation: indicators with factor loading larger than or equal to 0.3 are 
in italics. †Consumption of fruit, fresh fruit juice, raw salads and cooked 
vegetables, beans and sugar-sweetened beverages five or more days a 
week. ‡Consumption of red meat without removing visible fat or poultry skin 
from the food. §Consumption of > 5 shots (man) and > 4 shots (woman) in 
≥ 1 day in the last 30 days. ǁTime of physical activity practice longer than 
or equal to 150 minutes per week. ¶Time spent in front of TV or computer 
longer than or equal to four hours a day.

included the regular consumption of fruits, fresh fruit juices, 
raw and cooked vegetables and the appropriate level of physical 
activity.

The second behavioral pattern was characterized by the habit 
of smoking, and by the consumption of alcohol and fat-rich meats 
(red meat with visible fat and/or poultry skin). This pattern was 
identified as “Risk Pattern” and presented a variance of 11.20%.
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Table III shows the association between the two behavioral 
patterns found in abdominal adiposity, determined by waist cir-
cumference and by the indices of waist-to-hip ratio and waist-
to-height ratio.

Negative associations among the “healthy” protection pattern 
and waist circumference, wait-to-hip ratio and waist-to-height 
ratio were found, showing that the increment in the consump-
tion of fruits, fresh fruit juices, raw or cooked vegetables and 
the appropriate level of physical activity were associated with 
the reduction in abdominal adiposity in this population. Contrary 
to that, the pattern termed “risk” was positively associated with 
abdominal adiposity. In addition, the multiple linear regression 
analysis showed that the association between risk and protection 
patterns and the parameters of abdominal adiposity were better 
explained by the waist-to-height ratio and waist circumference 
since they presented 36.5% and 32.9% of the variability explained 
for the “healthy” pattern and 36.5% and 36.9% of the variability 
explained for the “risk” pattern.

DISCUSSION

This study investigated the clustering of risk factors and the 
association between risk and protection behavioral patterns 
with abdominal adiposity indicators among adult individuals 
of Viçosa, using the method of exploratory factor analysis. 
Two patterns were established, one of which is considered as 
a protection factor for abdominal adiposity, where variables 
of healthy food consumption, such as raw salads or cooked 
vegetables, fruits, fresh fruit juices and physical activity, were 
included. The second pattern identified was considered as risky 
because it grouped variables considered to be risk factors such 
as smoking, abusive alcohol consumption and the habit of con-
suming fat-rich meats.

Physical inactivity, smoking, alcohol drinking and inappropri-
ate diet, regarded as the main risk factors, have been analyzed 
each in several studies. However, this way of analyzing may be 
inefficient, since, according to Hofstetter et al. (6), risk behaviors 
do not occur in isolation. Furthermore, populations simultane-
ously presenting risk behavior factors are more likely to present 
major non-communicable chronic diseases than individuals with 
only one risk factor (38). Therefore, using statistical techniques 
to reduce variables into clusters with similar profiles is recom-

mended to assist in obtaining knowledge of possible associations 
of risk behaviors or health protection among them. 

Once the analyses were adjusted, the “healthy” pattern was 
found to be negatively associated with abdominal adiposity. Sim-
ilar to what was found in this study, McNaughton et al. (39), when 
using the exploratory factor analysis, found that the dietary pat-
tern characterized by high consumption of fruits and vegetables 
was inversely associated with body mass index, blood pressure 
and waist circumference. Neumann et al. (40), when using the 
same statistical technique, found that the termed “modern” die-
tary pattern, made up of fat-free dairy products, seafood, fresh 
fruit juices and fruit was inversely associated with risk factors 
for cardiovascular diseases, and the waist-to-hip ratio measure 
was among these evaluated variables. Ribeiro et al. (41), when 
describing the frequency of fruit and vegetable consumption of 
adults living in the city of São Paulo, São Paulo state, found a 
positive correlation between the consumption of these foods and 
physical activity during leisure time.

Our findings can be explained by the positive and healthy 
actions of eating habits and lifestyle. The effects of fruits and 
vegetables on general and central obesity are believed to relate 
to their soluble fiber content, which is associated with increased 
satiety, delayed gastric emptying and enhanced insulin sensitivity 
(42). In relation to the practice of physical activity, the energy 
expenditure independent of intensity reduces abdominal fat (43).

When evaluating the aggregation of behavioral patterns of British 
university students, identified by means of cluster analysis, Dodd et 
al. (44) identified three subgroups, characterized by high prevalence 
of physical inactivity (70%), inadequacy in the regular consumption 
of fruits and vegetables (66%) and abusive alcohol consumption 
(56%). By using the same technique, Costa et al. (22) found the 
simultaneity of health protective behaviors, such as the occurrence 
of a proper consumption of fruit and the practice of physical activity 
during leisure time in 35.5% of men and 33.3% of adult women 
living in the city of Florianópolis, state of Santa Catarina, Brazil.

The data previously shown illustrate the limitation regarding the 
comparison of this study with other studies due to variations in the 
methodology used for determining a standard or a variable clus-
tering, since the identification of standards involving behavioral or 
anthropometric variables has been frequently carried out by the 
statistical technique of clustering, which, according to Hofstetter 
et al. (6), place individuals with similar interrelationships in the 
same clusters.

Table III. Associations of risk and protection behavioral patterns with abdominal adiposity, 
Viçosa, Brazil, 2012-2014

Indicators
Waist circumference (cm) Waist/hip ratio Waist/height ratio

Regression 
coefficient β

Value p* R²
Regression 
coefficient β

Value p* R²
Regression 
coefficient β

Value p* R²

Pattern 1 “Healthy” -0.991 0.048 32.9 -0.003 0.013 25.0 -0.007 0.018 36.5

Pattern 2 “Risk” 1.219  0.002 36.9 0.007 0.003 25.6  0.007 0.006 36.5

*p ≤ 0.05. Models adjusted according to gender, age and social economical class.
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The second pattern found in the study, termed “risk”, was positively 
associated with abdominal adiposity. Schuit et al. (45), in a cross-sec-
tional study with European adult subjects, showed that the associa-
tions between the consumption of alcohol and smoking are strong 
especially among individuals with low education degree and income. 
Furthermore, the influence of smoking and consumption of alcoholic 
drinks on abdominal fat has been shown in other studies (46,47) by 
measurement of the waist circumference as well as waist-to-hip ratio.

A transversal study carried out by Faria et al. (47) with men 
living in Cuiabá, state of Mato Grosso do Sul, Brazil, found that 
the means of waist-to-hip ratio indices were higher among smok-
ers and the means of waist circumference and waist-to-height 
ratio were higher among those who reported higher consumption 
of alcoholic drinks. Studies have shown a higher prevalence of 
abdominal obesity in former smokers, a result from the increment 
in the caloric intake and a reduction in the basal metabolic rate 
after quitting the addiction (48). Despite being evident, the litera-
ture has not been able to determine a relationship between cause 
and effect in relation to the association between consumption of 
alcohol drinks and abdominal fat due to the large methodological 
variation in the frequency analysis and the amount consumed (8).

Smoking, abusive alcohol consumption and the habit of con-
suming fatty meats (red meat with visible fat and/or chicken 
with skin) are considered as important risk factors for chron-
ic non-communicable diseases and have been associated with 
abdominal adiposity. The relation between cigarette smoking and 
body fat distribution is complex and incompletely understood. Bio-
logical mechanisms involving higher levels of cortisol increase 
lipogenesis, differentiation of adipocytes and deposition of abdom-
inal fat (47). As for the consumption of alcohol, its metabolism may 
trigger endocrine changes, such as increased cortisol, predispos-
ing to changes in fat distribution. The habit of consuming fat-rich 
meats is associated with abdominal adiposity because this food 
group provides excess calories to individuals.

The combination of risk factors such as smoking, alcoholism 
and inadequate food intake has been investigated in studies in 
Brazil (22,31) and worldwide (44,45). The prevalence of those 
three risk factors, evaluated by the cluster statistical technique in 
a Brazilian study, showed that 4.9% of men and 1.9% of women 
had the occurrence of those factors at the same time (20). The 
same methodological work proposal in European countries pre-
sented prevalence data higher than these, which were 15.3% for 
men and 14.4% for women.

The identification of risk or protection behavioral patterns for 
non-communicable chronic diseases was carried out by using the 
PCA technique in a sample with 108,706 Brazilian adults, partic-
ipants of the VIGITEL. That investigation showed results similar to 
those of this present study, where it was found that the behavioral 
pattern considered risk was defined by smoking, excessive alco-
hol consumption and regular intake of meat with visible fat (31). 
Therefore, strategies to control the increase in the prevalence of 
such risk factors in the population may be directed to these three 
factors, which have a tendency to aggregate.

The population-based transversal study with 2,732 adults, 
conducted in Pelotas, state of Rio Grande do Sul, Brazil, to eval-

uate the prevalence of the combination of behavioral risk factors, 
showed that the combination of physical inactivity factors and 
regular consumption of visible meat fat was present in 18.2% of 
the men and 17.0% of the women in the study. Vilela et al. (21), 
when evaluating the dietary pattern of adults in Cuiabá, state of 
Mato Grosso do Sul, Brazil, found a positive association between 
“Western” eating pattern, characterized by high intake of pasta, 
fatty meats, sugar-sweetened beverages and sweets, and the 
increase in the waist circumference and wait-to-hip ratio among 
women.

The parameters of abdominal adiposity, waist-to-height ratio 
and waist circumference presented a higher capacity for explain-
ing the behavioral patterns than did waist-to-hip ratio, this is 
observed since of different found regression coefficients, that 
can show the superiority tool for discriminating the behavioral 
patterns. Waist-to-height ratio has a direct regulation with growth 
and waist circumference, so it minimizes erroneous assessment 
of health risk in individuals with different heights, which is the 
greatest advantage of this measure. In addition, this indicator has 
been considered as a good marker of abdominal obesity related 
to cardiovascular risk factors. Waist circumference is already rec-
ognized as an important and simple indicator of central adiposity 
and risk for chronic diseases (35).

This is the first population-based study conducted in Viçosa 
and one of the few works that identifies and explores risk and 
protection factors by using the statistical technique of principal 
components and makes associations with abdominal adiposity. 
Lam et al. (3) mentioned that the measures of central adiposity 
are more closely associated with cardiovascular risk factors and 
metabolic diseases than BMI. Furthermore, the body mass index 
does not consider body fat distribution, which is a limitation since 
there are suggestions that the metabolic complications of obe-
sity are more closely related to visceral adiposity than to overall 
adiposity. However, some limitations should be considered. It is 
noteworthy that this is a cross-sectional study, which prevents the 
establishment of temporality of associations. Self-reports of risk 
behaviors tend to be underestimated because of being socially 
undesirable. In addition, menopausal women were not excluded 
because they presented lower sample representativity.

CONCLUSION

This study may have important implications for public policies 
because it was found that by clustering risk or protection factors, 
health conditions of a population can be better explained. In addi-
tion, multiple interventions may be more effective and efficient in 
promoting health.

AUTHOR’S CONTRIBUTION

Danielle Cristina Guimarães da Silva, Kelly Aparecida da Cunha, 
Wellington Segheto, Vanessa Guimarães Reis, France Araújo Coel-
ho and Sílvia Helena O. Morais, post-graduate students in Science 



96 D. C. G. Silva et al.

[Nutr Hosp 2018;35(1):90-97]

of Nutrition, contributed to the data collection and analyses of this 
study, wrote the initial draft of the manuscript and assembled the 
final version. 

Milene Cristine Pessoa, professor, contributed to the study 
design, data analyses and participated in the approval of the final 
version of the manuscript.

Giana Zarbato Longo, professor, supervised this study, con-
tributed to the study design, and developed analyses and data 
analyses.

ACKNOWLEDGEMENTS

The authors thank all the volunteers who contributed to the 
study and the National Council for Scientific and Technological 
Development (CNPq process no. 481418/2011-3) for financial-
ly funding the project, and also the Foundations for Supporting 
Research in the states of Minas Gerais (FAPEMIG process no. 
APQ-00296-12).

FINANCIAL SUPPORT

National Council for Scientific and Technological Development 
(CNPq process no. 481418/2011-3) and Foundations for Sup-
porting Research in the states of Minas Gerais (FAPEMIG process 
no. APQ-00296-12).

REFERENCES

1. Friedman JM. Obesity: Causes and control of excess body fat. Nature 
2009;459(7245):340-2.

2. World Health Organization. Obesity and overweight. Fact Sheet Number 311. 
Geneva (CH): WHO (2012). Available from: http://www.who.int/mediacentre/
factsheets/fs311/en/index.html 

3. Lam BCC, Koh GCH, Chen C, Wong MTK, Fallows SJ. Comparison of body 
mass index (BMI), body adiposity index (BAI), waist circumference (WC), 
waist-to-hip ratio (WHR) and waist-to-height ratio (WHtR) as predictors of 
cardiovascular disease risk factors in an adult population in Singapore. PLoS 
ONE 2015;10(4):e0122985.

4. Lanas F, Serón P, Muñoz S, Margozzini P, Puig T. Central obesity measure-
ments better identified risk factors for coronary heart disease risk in the Chi-
lean National Health Survey (2009-2010). J Clin Epidemiol 2017;86:111-6. 

5. Lim LL, Seubsman S, Sleigh A, Bain C. Validity of self-reported abdominal 
obesity in Thai adults: A comparison of waist circumference, waist-to-hip 
ratio and waist-to-stature ratio. Nutr Metab Cardiovasc Dis 2012;22(1):42-9. 

6. Hofstetter H, Dusseldorp E, Van Empelen P, Paulussen TW. A primer on the 
use of cluster analysis or factor analysis to assess co-occurrence of risk 
behaviors. Prev Med 2014;67:141-6.

7. Vasques ACJ, Priori SE, Rosado LEFPL, Franceschini SCC. The use of 
anthropometric measures to assess visceral fat accumulation. Rev Nutr 
2010;23(1):107-18.

8. Pinho CPS, Diniz AS, Arruda IKG, Batista Filho M, Coelho PC, Sequeira LAS, 
et al. Prevalence of abdominal obesity and associated factors among indivi-
duals 25 to 59 years of age in Pernambuco State, Brazil. Cad. Saúde Pública 
2013;29(2):313-24. 

9. Park SH, Choi SJ, Lee KS, Park HY. Waist circumference and waist-to-height 
ratio as predictors of cardiovascular disease risk in Korean adults. Circ J 
2009;73(9):1643-50. 

10. Bevilacqua MR, Gimeno SGA. Abdominal obesity in Japanese-Brazilians: 
Which measure is best for predicting all-cause and cardiovascular mortality? 
Cad. Saúde Pública 2011;27(10):1986-96.

11. Ford ES, Maynard LM, Li C. Trends in mean waist circumference and abdo-
minal obesity among US adults, 1999-2012. JAMA 2014;312(11):1151-3. 

12. Walls HL, Stevenson CE, Mannan HR, Abdullah A, Reid CM, McNeil JJ, et al. 
Comparing trends in BMI and waist circumference. Obesity 2011;19(1):216-9. 

13. Linhares RS, Horta BL, Gigante DP, Dias-da-Costa JS, Olinto MT. Distribution 
of general and abdominal obesity in adults in a city in southern Brazil. Cad. 
Saúde Pública 2012;28(3):438-47. 

14. Friedman DS, Ford ES. Are the recent secular increases in the waist cir-
cumference of adults independent of changes in BMI? Am J Clin Nutr 
2015;101(3):425-31. 

15. Castanho GKF, Marsola FC, Mclellan KCP, Nicola M, Moreto F, Burini RC. 
Consumption of fruit and vegetables associated with the metabolic syndro-
me and its components in an adult population sample. Cien Saúde Colet 
2013;18(2):385-92. 

16. Chau JY, Chau JY, Grunseit AC, Stamatakis E, Brown WJ, Matthews CE, et 
al. Daily sitting time and all-cause mortality: A meta-analysis. PLoS One 
2013;13(8):e80000. 

17. Mielke GI, Hallal PC, Malta DC, Lee IM. Time trends of physical activity and 
television viewing time in Brazil: 2006-2012. Int J Behav Nutr Phys Act 
2014;15(11):101. 

18. Marchioni DML, Latorre MRDO, Eluf-Neto, Wünsch-Filho V, Fisberg RM. Iden-
tification of dietary patterns using factor analysis in an epidemiological study 
in São Paulo. São Paulo Med J 2005;123(3):124-7. 

19. Sato RC, Zouain DM. Factor analysis for the adoption of nuclear technology 
in diagnosis and treatment of chronic diseases. Einstein 2012;10(1):62-6. 

20. Olinto MTA, Willett WC, Gigante DP, Victora CG. Sociodemographic and lifes-
tyle characteristic in relation to dietary patterns among young Brazilian adults. 
Public Health Nutr 2011;14(1):150-9. 

21. Vilela AAF, Sichieri R, Pereira RA, Cunha DB, Rodrigues PRM, Gonçalves-Silva 
RMV, et al. Dietary patterns associated with anthropometric indicators of 
abdominal fat in adults. Cad. Saúde Pública 2014;30(3):502-10. 

22. Costa FF, Benedet J, Leal DB, Altenburg de Assis MA. Clustering of risk factors 
for non-communicable diseases in adults from Florianopolis, SC. Rev Bras 
Epidemiol 2013;16(2):398-408. 

23. Romaguera D, Ängquist L, Du H, Jakobsen MU, Forouhi NG, Halkjær J, et al. 
Food composition of the diet in relation to changes in waist circumference 
adjusted for body mass index. PLoS One 2011;6(8):e23384. 

24. Funtikova AN, Subirana I, Gómez SF, Fitó M, Elosua R, Benítez-Arciniega AA, 
et al. Soft drink consumption is positively associated with increased waist 
circumference and 10-year incidence of abdominal obesity in Spanish adults. 
J Nutr 2015;145(2):328-34. 

25. Segheto W, Silva DCG, Coelho FA, Reis VG, Morais SHO, Marins JCB, et al. 
Body adiposity index and associated factors in adults: Method and logistics 
of a population-based study. Nutr Hosp 2015;32(1):101-9. 

26. Brazil Ministry of Health. VIGITEL Brasil 201. Vigilância de fatores de risco e 
proteção para doenças crônicas por inquérito telefônico. Brasília: Ministério 
da Saúde; 2012.

27. Brazilian Institute of Geography and Statistics. Censo Demográfico 2010. Rio 
de Janeiro: Brazilian Institute of Geography and Statistics; 2010.

28. Dean AG, Dean JA, Colombier, Brendel KA, SmithDC, Burton AH, et al. Epi 
Info, version 6: A word processing, database, and statistics program for epi-
demiology on microcomputers. Atlanta, Georgia: Centers for Disease Control 
and Prevention; 1994.

29. Stewart A, Marfell-Jones M, Olds T, Carter L. International standards for 
anthropometric assessment. New Zealand: Lower Hutt; 2011.

30. Brazilian Association of Research Companies (ABEP). Critério de classifi-
cação econômica Brasil, 2011. Available from: www.abep.com.br. Accessed 
25 February 2015.

31. Steele EM, Claro RM, Monteiro C. Behavioural patterns of protective and 
risk factors for non-communicable diseases in Brazil. Public Health Nutr 
2014;17(2):369-75. 

32. Furlan-Viebig R, Pastor-Valero M. Development of a food frequency ques-
tionnaire to study diet and non-communicable diseases in adult population. 
Rev Saúde Públ 2004;38(4):581-4. 

33. Viner RM, Cole TJ. Who changes body mass between adolescence and adul-
thood? Factors predicting change in BMI between 16 year and 30 years in 
the 1970 British Birth Cohort. Int J Obes 2006;30:1368-74. 

34. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physi-
cal activity and public health: Updated recommendation for adults from the 
American College of Sports Medicine and the American Heart Association. 
Med Sci Sports Exerc 2007;39:1423-34.

35. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et 
al. American Heart Association; National Heart, Lung, and Blood Institute. 



97

[Nutr Hosp 2018;35(1):90-97]

BEHAVIORAL PATTERNS THAT INCREASE OR DECREASE RISK OF ABDOMINAL ADIPOSITY IN ADULTS

Diagnosis and management of the metabolic syndrome: An American Heart 
Association/National Heart, Lung, and Blood Institute Scientific Statement. 
Published corrections appear in Circulation 2005;112:e297 and Circulation 
2005;112:e298. Circ J 2005;112(e297):2735-52.

36. World Health Organization. Obesity: Preventing and managing the global 
epidemic - Report of a WHO Consultation (TRS894). Geneva: World Health 
Organization; 2000.

37. Ashwell M, Hsieh SD. Six reasons why the waist-to-height ratio is a rapid 
and effective global indicator for health risks of obesity and how its use could 
simplify the international public health message on obesity. Int J Food Sci 
Nutr 2005;56(5):303-7.

38. Lippke S, Nigg CR, Maddock JE. Health-promoting and health-risk behaviors: 
Theory-driven analyses of multiple health behavior change in three interna-
tional samples. Int J Behav Med 2012;19(1):1-13. 

39. McNaughton SA, Mishra GD, Stephen AM, Wadsworth ME. Dietary patterns 
throughout adult life are associated with body mass index, waist circumferen-
ce, blood pressure and red cell folate. J Nutr 2007;137(1):99-105.

40. Neumann AICP, Martins IS, Marcopito LF, Araujo EA. Dietary patterns associa-
ted with risk factors for cardiovascular disease in a Brazilian city. Rev Panam 
Salud Public 2007;22(5):329-39. 

41. Ribeiro AG, Cotta RMM, Ribeiro SMR. The promotion of health and integra-
ted prevention of risk factors for cardiovascular diseases. Cien Saúde Colet 
2012;17(1):7-17. 

42. Rolls BJ, Ello-Martin JA, Tohill BC. What can intervention studies tell us about 
the relationship between fruit and vegetable consumption and weight mana-
gement? Nutr Rev 2004;62(1):1-17.

43. Kay SJ, Fiatarone Singh MA. The influence of physical activity on abdominal 
fat: A systematic review of the literature. Obes Rev 2006;7(2):183-200. 

44. Dodd LJ, Al-Nakeeb Y, Nevill A, Forshaw MJ. Lifestyle risk factors of students: 
A cluster analytical approach. Prev Med 2010;51(1):73-7. 

45. Schuit AJ, Van Loon AJ, Tijhuis M, Ocké M. Clustering of lifestyle risk factors 
in a general adult population. Prev Med 2002;35(3):219-24. 

46. Rouillier P, Bertrais S, Daudin JJ, Bacro JN, Hercberg S, Boutron-Ruault MC. 
Drinking patterns are associated with variations in atherosclerotic risk factors 
in French men. Eur J Nutr 2006;45(2):79-87. 

47. Faria CS, Botelho C, Silva RMVG, Ferreira MG. Smoking and abdominal fat in 
blood donors. J Bras Pneumol 2012;38(3):356-63. 

48. Chatkin R, Chatkin JM. Smoking and changes in body weight: Can phy-
siopathology and genetics explain this association? J Bras Pneumol 
2007;33(6):712-19.


