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INTRODUCTION

Obesity is considered one of the greatest public health problems worldwide 
[1]. Abdominal obesity is the main component of Metabolic Syndrome [2] and, an 
independent risk factor for cardiovascular diseases, type-2 diabetes mellitus, high 
blood pressure, dyslipidemias [3,4], hyperuricemia [5], inϐlammation [6], ϐibrinolysis, 
acceleration of atherosclerosis and some types of cancer [7]. 

ABSTRACT

The etiology of abdominal obesity is multifactorial and has environmental factors as its most expressive 
risk factors. This study cross-sectional analyzed the association of abdominal fatness with physical inactivity 
and food inadequacy of 1,557 subjects, both genders, over 35yrs. old, enrolled in an ongoing epidemiological 
study. Waist circumference (WC) was the primary variable and demographic, social-economic, anthropometric 
and dietary intake data, were the co-variables. NCEP-ATP III, WHO, IPAQ-long (version 8) and Healthy Eating 
Index were used for functional defi nition of variables. Furthermore, longitudinal data from 50 subjects in an 
exercise protocol for 10 week receiving either regular diet (G1, n=22) or 30g fi ber adequacy (G2; =28), were 
analyzed. The performed statistical analyses used software SAS for Windows, version 9.1 with p=0.05. In a 
predominantly female sample (74%), 76% aging 35-60yrs, 64% completed elementary school, 73% were living in 
a low income household, 77.5% overweight. The 62.5% presenting altered WC values were predominantly older, 
presented higher body fatness, and were consuming low variety-poor quality diet rich in fat (mainly saturated) 
and lower in fruit. WC correlated negatively with fruit intake and aerobic capacity (VO2max) but only carbohydrate 
(positive) and fruit intake (negative) were considered independent risk factors for abdominal obesity. In the 
longitudinal study, both G1 and G2 groups were similar at baseline and G1 maintained the anthropometry values 
throughout the experiment. Conversely, G2 decreased total body (4%) and WC (7%) fatness, reducing severe 
obesity by 16%, minimally affecting overweight and eutrophic rates. G2 presented 211% increase in fi ber intake 
and 150% increase in plasma beta-carotene (colorful-fi ber marker). Thus, in conclusion, recommended dietary 
fi ber intake (increased fruit and low CHO intake) and physical activity would be the recommended changes 
against abdominal obesity and, by associating both physical exercises and dietary fi ber there was indeed a 
decrease in abdominal fatness and obesity, predominantly at its higher grade.
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Although abdominal adiposity is multifactorial, environmental factors are the most 
expressive risk factors. Central obesity are caused by poor eating habits [8] and low 
levels of physical activity [9], with the resultant excess energy causing weight gain 
[10]. A long-term energy imbalance between intake and expenditure would be the 
primary cause. Hence, limiting positive- energy balance would be a key objective 
when weight loss is the goal and, lifestyle modiϐication focusing on improving dietary 
quality and physical activity is the preferred ϐirst-line treatment for the management 
of body fatness [11]. However, attempts to modify lifestyle to improve dietary quality 
and physical ϐitness are often unsuccessful due to long lasting standing necessary to 
accomplish the goal and, consequently low compliance. Therefore, simpler approaches 
to diet and physical activity have been under investigation [12]. 

To prescribe optimal amount of energy intake to achieve a healthy body weight, 
some researchers have looked even further and investigated the possibility that 
consuming certain dietary factors may aid in weight regulation. Increased dietary ϐiber 
intake is a strategy to dilute the consumed energy [13]. 

The present paper used retrospectively data from our ongoing epidemiological 
study [2,11] aiming to detect the main behavioral factors associated with abdominal 
obesity in our community-based patients and thereafter, check their responses to a 
lifestyle modiϐication protocol complemented with recommended dietary ϐiber.

METHODS

Adults (over 35yrs old), spontaneously enrolled in the ongoing epidemiological 
study “Move for Health” (Mexa-se pro-saude), during the period of 2004-2009. These 
subjects had their data analyzed retrospectively (cross-sectional design; n=1,557; 
baseline) and prospectively (longitudinal design; n=50; baseline and after a 10-week 
intervention program). All individuals signed up the informed-consent form and the 
project was approved by the Research Ethics Committee (document nº 3271/2009-
CEP) of the Botucatu School of Medicine (FMB-UNESP). The cross-sectional analysis 
had waist circumference as primary variable and demographic, socioeconomic, 
physical activity, anthropometric and dietary food intake data as co-variables. 

Physical activity level (LPA), socio-demographic characteristics and health status 
were obtained by applying the International Physical Activity Questionnaire (IPAQ 
version 8-long form) [14]. Cardiorespiratory ϐitness was determined as maximal 
oxygen uptake (VO2max), using a treadmill (QMCTM90model) according to the 
Blake protocol [15]. Weight, height, waist circumference (WC) were measured with 
standardized protocols [16]. Body Mass Index (BMI) and waist circumference were 
evaluated according to the World Health Organization [17]. Body fat percentage was 
assessed by a bioelectrical impedance device (Biodynamics ®, model 450, USA). The 
NCEP-ATP III (2005) deϐinitions were used for cut-offs of WC (>88cm for women) and 
>102cm for men) along with WHO (2003) for anthropometry. 

Dietary intake data was assessed using a single 24-hour dietary recall a baseline 
(M0) and after 10 weeks (M1). Total energy intake was computed using Brazilian food 
tables [18-20]. The Healthy Eating Index (HEI) modiϐied for the Brazilian population 
was used to assess the quality and of the participants diet [21]. Eight food groups and 
12 components to measure the variety and quality of food intake were evaluated. 
Blood samples were collected by vacuum venous puncture, after a 10 to 12 hour fasting 
period, and centrifuged to obtain serum samples which were stored at -80ºC until the 
end of the study. β-carotene were assayed by high-performance liquid chromatography 
(HPLC, System LC10A, Shimadzu, Japan).

For the longitudinal study, voluntary participants were assigned in two dietary 
groups receiving either a regularly counseled diet (G1, n=22) or a supervised 
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intervention (G2, n=28) with grains, fruits and vegetables making a total of 30g ϐiber/
day. Both groups were maintained, during 10 weeks in an aerobic-intensity combined-
exercises supervised-protocol [22]. 

Statistical analysis included mean comparisons of continuous (Student t test) 
and cathegorized (chi-square test) variables. Pearson’s correlation between waist 
circumference and the co- variables, and logistic regression model (odds ratio) to 
determine association of co-variables and WC. In the longitudinal study, the comparison 
between moments was done by the Student paired t test. All the statistical analyses 
were done by the software SAS for Windows, version 9.1 and p<0.05 was adopted for 
minimal signiϐicance level (Figure 1).

RESULTS

The sample consisted of overweight (77.5%), female (74%) individuals with less 
than 60 years of age (76%) with high WC values (62.5%). The majority of individuals 
reported values of household income under six minimum salaries (73%) and 
elementary education (64%). 

Table 1 shows that individuals with altered WC were older, heavier and had greater 
percentage of body fat. Additionally, they had a monotonous diet, with greater amounts 
of total and saturated fats, and fewer daily servings of fruit. There was a positive 
correlation between WC and anthropometric measurements (weight, BMI, percentage 
of body fat), food intake (total energy) and a negative correlation with VO2max (Table 2).

Individuals who consumed at least three servings of fruit per day and did not exceed 
the upper limit of saturated fat intake were 35% and 28%, respectively, less likely to 
have abdominal adiposity. After adjustments for age, gender and energy intake, CHO 
and fruit intake remained as independent factors for altered WC (Table 3).

Figure 1: Independent predictors of the presence of altered Waist Circumference. Logistic regression model including WC, used as a dichotomic variable (altered and 
normal).Hazard ratios are calculated for 1 SD of the continuous variables.
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Body composition, demographic and socioeconomic data were also associated with 
abdominal adiposity. In both models, having a normal BMI and percentage of body fat 
reduced the chances of having altered WC by 96% and 92%, respectively (Model 1), 
and the chances increased by 1% and 3%, respectively, after adjustment for gender and 
age (Model 2). Similarly, individuals in good health conditions and physically active 
were 41% and 40%, respectively, less likely to have altered WC (Model 1) and, after 
adjustment (Model 2), the chances increased to 42% and 47%, respectively. Before 
adjustment (Model 1), household income below 6 minimum wages per month and not 
being married or living with a partner (other marital status) increased the likelihood 
for abdominal adiposity by 1.6 and 2.2 times, respectively. However, after adjusting for 
gender and age (Model 2), marital status lost inϐluence and a household income below 
6 minimum wages per month increased the likelihood of abdominal adiposity by 1.4 
times (Table 4). 

Thus, individuals with altered WC were older, obese and had a greater percentage 
of body fat. Additionally, their diet was high in fat and low in fruits. Low intake of 
whole grains was risk factor for altered WC whereas, adequate consumption of fruit 
and physical activity showed to be protective against abdominal adiposity (Table 1-4).

The longitudinal study showed that the control group maintained the anthropometric 
values throughout the experiment while the intervention group had a reduction of 
weight, body fat, and WC, after 10 weeks of intervention. In addition, overweight/

Table 1: Characteristics of individuals with normal and altered waist circumference (WC).

Waist Circumference (cm)

Normal (n=530) Altered (n=1027)

Parameters (♀<88cm /♂<102cm) (♀>88cm /♂>102cm) p

Age (years) 51.7+11.1 53.5+11.2 0.001

Weight (kg) 65.4+11.1 81.8+15.9 <0.0001

Height (m) 1.61+0.09 1.60+0.09 0.002

BMI (kg/m2) 24.9+2.9 31.8+4.9 <0.0001

Body fat (%) 26.5+5.2 37.2+7.9 <0.0001

LPA (min/week) 739+341 397+298 0.01

TEI (kcal) 1,541+651 1,549+703 0.87

Carbohydrates (%) 52.9+9.7 51.5+10.5 0.06

Protein (%) 18.2+5.8 18.3+5.6 0.75

Total fats (%) 28.8+8.2 30.5+8.6 0.006

Saturated fats (%) 8.2+3.6 8.7+4.2 0.047

Monounsaturated fats (%) 8.8+3.5 9.3+3.5 0.08

Polyunsaturated fats (%) 7.5+3.9 7.6+3.8 0.53

Fibers (g) 14.4+8.3 14.1+8.6 0.63

HEI (score) 79.8+14.6 79.1+14.8 0.53

Oil (servings) 2.1+1.8 2.2+2.0 0.5

Grains (servings) 3.4+1.8 3.4+1.9 0.8

Fruits and vegetables (g) 353+280 296+244 0.07

Fruits (servings) 2.5+2.8 2.1+2.7 0.03

Vegetables (servings) 2.0+2.1 2.0+2.2 0.99

Legumes (servings) 1.5+1.7 1.3+1.7 0.15

Dairy products (servings) 1.4+1.3 1.3+1.3 0.67

Meats (servings) 1.7+1.3 1.7+1.4 0.75

Sugar (servings) 1.5+2.0 1.5+2.0 0.88

Variety (items) 12.3+4.4 11.7+4.0 0.049

Data expressed as Mean±Standard Deviation. p<0.05.

BMI: Body Mass Index; TEI: Total Energy Intake; HEI: Healthy Eating Index. LPA: Level of Physical Activity.
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obese adults of the intervention group (G2) increased their HEI by improving dietary 
intake by 211%, mainly from colorful foods as suggested by the 150% increase in 
plasma Beta-carotene. However, the impact on BMI was less on overweight and more 
detectable by the migration of obese class III to class II (2%) and from this to obese I 
(14%) grade with less impact on overweight and eutrophy (Table 5).

DISCUSSION
Similarly to others studies we found a signiϐicant association between body 

weight and abdominal adiposity [23,24]. Waist circumference is the anthropometric 
measurement that best correlates with the amount of visceral fat [25]. 

Table 2: Pearson’s correlation coeffi cient between abdominal adiposity and anthropometric, dietary and physical 
activity variables.

Altered Waist Circumference (♀<88cm 
/♂>102cm)

Parameters r p
Weight (kg) 0.84 <0.0001
BMI (kg/m²) 0.83 <0.0001
Body fat (%) 0.55 <0.0001

VO2max (mL·kg-1·min-1) -0.33 <0.0001
BMI: Body Mass Index; VO2max: maximum oxygen consumption. p<0.05. 

Table 3: Odds ratio for altered waist circumference according to dietary intake.

Parameters
OR (CI 95%)

Model 1
OR (CI 95%)

Model 2
Carbohydrate % (<50% vs >70%) 1.64 (1.11-1.43)* 1.72 (1.14-2.58)*

Carbohydrate % (50-70% vs >70%) 1.43 (0.96-2.12) 1.40 (0.94-2.12)
Protein % (<15% vs >15%) 0.94 (0.69-1.87) 0.87 (0.63-1.21)

Total fats % (<35% vs >35%) 0.80 (0.53-1.13) 0.90 (0.64-1.29)
Saturated fats % (<10% vs >10%) 0.71 (0.52-0.99)* 0.79 (0.56-1.10)

Monounsaturated fats % (<20% vs >20%) 0.69 (0.13-3.57) 1.08 (0.19-6.03)
Polyunsaturated fats % (<10% vs >10%) 1.02 (0.72-1.45) 1.07 (0.73-1.54)

Oil (no. of servings) (≤2 vs >2) 1.24 (0.92-1.67) 1.23 (0.89-1.70)
Fibers (g) (>20 vs <20) 0.75 (053-1.06) 0.76 (0.51-1.14)

Grains (no. of servings) (≥5 vs <5) 1.09 (0.75-1.61) 1.11 (0.70-1.78)
Fruits (no. of servings) (≥3 vs <3) 0.65 (0.48-0.82)* 0.68 (0.49-0.96)*

Vegetables (no. of servings) (≥4 vs <4) 1.05 (0.69-1.58) 1.04 (0.66-1.63)
Legumes (no. of servings) (≥1 vs <1) 0.75 (0.56-1.01) 0.76 (0.55-1.05)

Dairy products (no. of servings) (≥3 vs <3) 0.72 (0.46-1.13) 0.74 (0.44-1.23)
Meats (no. of servings) (≤2 vs >2) 1.00 (0.72-1.40) 1.11 (0.77-1.61)
Sugar (no. of servings) (≤2 vs >2) 1.00 (0.72-1.40) 0.91 (0.17-1.30)
Variety (no. of items) (≥8 vs <8) 1.10 (0.70-1.70) 0.90 (0.56-1.45)

OR: Odds ratio; CI: confi dence interval. Model 1: no adjustment; Model 2: adjusted for gender, age and total energy 
intake. *p<0.05.

Table 4: Odds ratio for altered waist circumference secondary to body composition, socioeconomic data and level of 
physical activity.

Parameters
OR (CI 95%)

Model 1
OR (CI 95%)

Model 2

BMI (kg/m²) (normal vs overweight) 0.04 (0.03-0.06)* 0.03 (0.02-0.05)*

%BF (normal vs excessive) 0.08 (0.01-0.06)* 0.05 (0.04-0.08)*

Monthly income (<6MW vs ≥6MW) 1.64 (1.21–2.22)* 1.40 (1.00–1.91)

Marital status (Others vs Married) 2.23 (1.60-3.13)* 1.20 (0.78-1.84)

Education level (HS/HE vs ES) 0.91 (0.65-1.26) 1.00 (0.70-1.42)

Health status (Good vs Bad) 0.59 (0.44-0.80)* 0.58 (0.43-0.80)*

LPA (High/Moderate vs Low) 0.60 (0.42-0.85)* 0.53 (0.36-0.77)*

Model 1: no adjustment. Model 2: adjusted for gender and age. OR: Odds ratio; CI: Confi dence Interval; BMI: Body 
Mass Index; %BF: percentage of Body Fat; Marital status: others= single/widowed/divorced; married= married or living 
with partner; MW: Minimum Wages; Education level: HS=High School, HE=Higher Education, ES=Elementary School; 
LPA=level of Physical Activity; *p<0.05.
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In the present study, 77.5% of the participants were overweight or obese, and 
62.5% had altered WC. Altered WC was related to inadequate diet, (low intake 
of fruit and whole grains), altered anthropometry and, lower socioeconomic and 
physical activity levels. A similar study done in the southern region of Brazil, found 
prevalence of abdominal obesity of 37.2% for males and 61.9% for females [24]. Since 
the participants joined the program spontaneously, the prevalence of females may be 
explained by the fact that women are more concerned with their health and quality of 
life [26,27].

Altered WC was more prevalent in older individuals, as conϐirmed by many other 
studies [7,24,28,29]. Additionally being married or living with a partner was a risk 
factor for abdominal obesity, however, under the inϐluences of gender and age. A study 
performed in the southern Brazil found that widows and widowers were at higher risk 
of altered WC [7]. However, other studies claim the opposite, by showing that a partner 
is a risk factor for abdominal adiposity [7,24]. The present study grouped individuals 
in two categories, married or living with a partner and other, which included being 
single, separated, divorced or widowed, which may explain the disagreement.

The present study found that low income increases risk of abdominal obesity, 
which is corroborated by other study done in Brazil [24]. No association was found 
between level of education and abdominal adiposity, in agreement with some [28] but 
in disagreement with other studies [7,24,28,29] reporting that high education level 
protects against abdominal adiposity. The present study found an inverse relationship 
between VO2max and abdominal adiposity, similarly to ϐindings by Fogelholm et al. [30]. 
Physical activity directly impacts cardiorespiratory capacity, which in turn beneϐits 

Table 5: Body composition, aerobic fi tness (VO2max.), food intake and beta-carotenemia of control (G1) and high dietary 
fi ber (G2) groups at baseline (M0) and after 10 weeks of intervention (M1).

Parameters Group M0 M1
Body weight (kg) G1 85.6±19.1 86.0±19.4

G2 89.1±19.4 85.4±18.7 a, b

BMI (kg/m2) G1 32.1±5.3 32.2±5.4
G2 33.5±5.3 32.1±5.1 a, b

Body Fat (%) G1 36.7±9.5 36.5±9.3
G2 38.6±8.8 37.2±8.8 a, b

WC (cm) G1 103.2±12.7 103.7±14.0
G2 106.7±14.4 101.4±14.2 a, b

VO2max (mL·kg-1·min-1) G1 30.8±8.4 28.6±10.8
G2 26.1±6.4 25.1±5.7

TEI (kcal/kg Body Weight/day) G1 16.1 (8.6-45.7) 14.1 (6.6-45.7)
G2 17.6 (7.6-38.0) 17.12 (8.7-19.5)

HEI (points) G1 83.3±8.3 84.2±8.3
G2 76.9±15.5 97.2±11.0 a, b

Legumes (servings/day) G1 1.82 (0.0-6.5) 1.11 (0.0-4.0)
G2 1.70 (0.0-8.5) 1.77 (0.0-5.5)

Fruits+vegetables (servings/day) G1 240.2 (0.0-842.0) 260.0 (20.0-918.0)
G2 231.0 (0.0-937.0) 539.0 (127.0-909.0) a, b

Fruits (servings/day) G1 1.7 (0.0-10.5) 2.0 (0.0-10.0)
G2 1.5 (0.0-10.5) 4 (0.5-8.5) a, b

Vegetables (servings/day) G1 1.0 (0.0-5.0) 1.0 (0.0-5.0)
G2 0.5 (0.0-4.0) 1.7 (0.5-5.5) a, b

Dietary Fibers (g/day) G1 16.1±7.8 17.1±9.4
G2 15.2±7.0 32.1±8.9 a, b

Oils (servings/day) G1 2 (0.5-9.5) 1.5 (0.5-4.5)
G2 1.9 (0.0-9.5) 0.75 (0.0-2.5) a, b

β-carotene (mmol/L) G1 0.5±0.2 0.5±0.3
G2 0.4±0.01 0.6±0.3 a, b

Data expressed as mean±standard deviation or median (min. - max.). G1, n=22. G2, n=28.
BMI; Body Mass Index; WC: waist circumference; VO2max: maximum oxygen consumption.
TEI: Total Energy Intake; HEI: Healthy Eating Index
a statistical difference after intevention (p<0.05).b statistical difference between groups (p<0.05).
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health and may protect against altered WC (moderate to high level of physical activity). 
This is conϐirmed by a study conducted in the metropolitan area of São Paulo city that 
found a strong inverse association between level of physical activity and abdominal 
obesity [31].

Few studies have assessed the relationship between diet and accumulation of 
abdominal fatness. The present study found that total energy intake correlates weakly 
with WC. This may be due to two factors: reverse causality, in which individuals may 
change their food habits because of abdominal adiposity, and underreporting, since 
food inquiries are generally susceptible to under- or over reporting of nutrient and 
energy intakes, and underreporting is somewhat more common [32]. According to 
several authors [32-34], obesity is a major indicator of energy intake under reporting, 
specially female and with more than 60 years. On the other hand, consumption of 
3 or more servings of fruit per day was protective against altered WC, even after 
adjustments. Levy-Costa et al. studying the household food availability in Brazil (1974 
to 2003) found a low consumption of produce, which might explain the high rates of 
abdominal adiposity in Brazil [35].

Thus, in our cross-sectional analysis we concluded that adequate fruit intake 
and good levels of physical activity would protect our sample against abdominal 
adiposity while low intake of whole grains would promotes it. Hence, by planning and 
implementing effective lifestyle modiϐication strategies and actions regarding regularly 
physical exercises and recommended dietary ϐiber intake would be important for 
preventing or reducing abdominal obesity.

In fact, our longitudinal data showed that intervention with physical activity and 
recommended dietary ϐiber intake improved not only of HEI but also body fatness. 
The dietary components most strongly related to the body composition improvements 
were ϐibers (fruits and legumes). 

Although participants’ HEI continued classiϐied as “poor quality”, a signiϐicant greater 
increase occurred in participants in the intervention group (20.3 points), compared to 
the ones on the compared group (0.9 points). This likely reϐlects the improved dietary 
quality and better food choices adopted during the 10 week intervention. 

The adoption of general dietary guidelines, or ad-libitum intake, has been studied 
and shown promising results [36-38]. The free-choice approach to diet and physical 
activity has been described as a potential method to improve adherence to lifestyle 
changes [39]. Our dietary counseling approach allowed ϐlexibility for individuals 
to modify their dietary intake, supported by offering practical strategies, such as 
suggestions, for ingredients substitution in recipes and different cooking methods. 

Hence, the lifestyle intervention used in this study is an example of community 
education strategy, aimed to provide to all participants information and skills to assist 
them in achieving recommendations for diet and physical activity [40]. Additionally, 
it was offered practical strategies to assist in food choices. Because participants were 
allowed to choose which dietary behavioral changes they would incorporate into 
their lifestyles, it was anticipated that these behaviors would be easier to sustain long 
term. This builds upon well-established principles of health promotion, i.e. by making 
healthy choices will continue to make those choices [12]. 

Thus, in conclusion, recommended dietary ϐiber intake (increased fruit and low 
CHO intake) and physical activity would be the recommended lifestyle changes against 
abdominal obesity and, by associating both physical exercises and dietary ϐiber there 
was indeed a higher effectiveness, predominantly at the higher grades of overweight. 
Moreover, this program may be more applicable to the community setting than 
individualized diet and exercise programs, which require intensive input to facilitate 
behavioral change. Additionally the group-based approach may be less expensive than 
individualized strategies.
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