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Abstract

Background: The aim of this study was to assess the predictive capacity of body fat percentage (%BF) estimated by
equations using body mass index (BMI) and waist circumference (WC) to identify hypertension and estimate measures
of association between high %BF and hypertension in adults.

Methods: This is a cross-sectional population-based study conducted with 1,720 adults (20-59 years) from
Florianopolis, southern Brazil. The area under the ROC curve, sensitivity, specificity, predictive values, and likelihood
ratios of cutoffs for %BF were calculated. The association between %BF and hypertension was analyzed using Poisson
regression, estimating the unadjusted and adjusted prevalence ratios and 95% Cl.

Results: The %BF equations showed good discriminatory power for hypertension (area under the ROC curve > 0.50).
Considering the entire sample, the cutoffs for %BF with better properties for screening hypertension were identified in
the equation with BMI for men (%BF = 20.4) and with WC for women (%BF = 34.1). Adults with high %BF had a higher
prevalence of hypertension.

Conclusions: The use of simple anthropometric measurements allowed identifying the %BF, diagnosing obesity, and

screening people at risk of hypertension in order to refer them for more careful diagnostic evaluation.

Keywords: Anthropometry, Risk factors, Obesity, Hypertension, Adults

Background

Obesity is a universal disease of increasing prevalence
with alarming proportions worldwide, including in coun-
tries that recently had hunger and chronic malnutrition
as main public health problems [1]. Obesity is the major
risk factor for hypertension, being responsible for 20% to
30% of disease cases. In 2009, hypertension accounted
for 7.5 million (12.8%) deaths worldwide [2].

Among the methods used to assess body fat, anthropo-
metric indicators stand out and, because they are inex-
pensive and noninvasive and have good accuracy, are
recommended by the World Health Organization for
assessing the nutritional status and health risk of popula-
tions [3]. Body fat percentage (%BF) is usually assessed
by anthropometry by measuring skinfolds due to their
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high correlation with body fat [4]. The correct measure-
ment of skinfolds demands substantial time and requires
a high degree of training and expertise of evaluators [5],
which impair the use of these measures in multidiscip-
linary epidemiological surveys that collect large amounts
of data about a given population [6].

Clinical studies have developed equations to assess %BF
by means of anthropometric indicators of obesity, such as
body mass index (BMI) and waist circumference (WC),
which are more easily collected than skinfolds [7-9]. These
equations show a strong association with body fat when
estimated by more accurate methods, such as dual energy
X-ray absorptiometry (DEXA) and hydrostatic weighing.

The % BF estimation allows for more precise analysis of
body components than simply BMI and WC measures.
Through % BE, lean body mass and fat mass can be esti-
mated [10]. In this sense, if equations that estimate % BF
have good predictive capacity for hypertension, they can,
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while analyzing body composition, identify people at risk
for hypertension.

Physical education, sports, and nutrition professionals
routinely assess body fat in populations. These profes-
sionals have been associated with health teams; for ex-
ample, in 2008, the Brazilian government regulated these
professions into primary health care teams [11]. The
identification of discriminatory power and the screening
features of %BF equations using indicators such as BMI
and WC can be useful for professionals that take care of
a large number of individuals. If these equations show
good predictive and screening characteristics, health
professionals will be able not only to use anthropometry
as a tool for assessing obesity but also to identify people
at risk for hypertension and refer them for monitoring
and diagnostic tests. Moreover, the evaluation of the spe-
cific role of anthropometric indices on the development
of hypertension may help to better understand the
pathogenesis of arterial hypertension, and to provide
more accurate means for prevention [12].

This study aims to analyze the discriminatory power
and screening properties of %BF assessed by equations
with BMI and WC in the identification of hypertension.
In addition, the associations between high %BF and
hypertension are assessed in a sample of adults in south-
ern Brazil.

Methods

Population and sample

This cross-sectional population-based study originated
from the health survey EpiFloripa Adults 2009 con-
ducted in Florianépolis, Santa Catarina, southern Brazil,
between September 2009 and January 2010. Florianépolis
is the capital of the Brazilian state of Santa Catarina and
has close to 420,000 inhabitants; it is also the Brazilian
capital with the best social and health indicators [13].

The sample size was calculated to estimate the preva-
lence of each health outcome investigated in the survey,
given a reference population of 249,530 adults from 20
to 59 years of age, a confidence level of 95%, 50% preva-
lence for unknown health outcomes, an error sample of
3.5 percentage points, a design effect (deff) estimated at
2 due to cluster sampling, and percentage of losses esti-
mated at 10%. Based on these parameters, a sample size
of 1,720 individuals was obtained. However, considering
the multiple objectives of the EpiFloripa study, this
study interviewed 32 adults in each of the 63 census sec-
tors, thus increasing the sample size to 2,016 individuals.

Sampling was conducted in two stages. In the first, the
420 urban census sectors of the city were stratified accord-
ing to deciles of the family head income (R$ 192.80 to R$
13.209.50 [Brazilian currency], US$ 1 = R$ 1.7 during the
data collection period); 60 sectors were randomly selected
(sampling fraction equal to seven), consisting of six sectors
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in each decile. In the second stage, the sampling units
were the households. In this step, the number of perman-
ent private households in each sector was updated by the
study supervisors. The number of dwellings ranged from
61 to 810, giving a variation coefficient of occupied house-
holds between sectors of 55%. To decrease this, and con-
sidering the geographical proximity and income decile, it
was decided to group some census sectors and divide
others, resulting in 63 census sectors with a variation coef-
ficient of 32%. Eighteen households from each of these
geographical units were randomly selected.

Eligibility, exclusion, and loss criteria

All adults aged 20 to 59 years living in selected households
were eligible for the study. The exclusion criteria for carry-
ing out anthropometric measurements and blood pressure
measures were bedridden subjects, amputees, plastered
and pregnant women, and those who had given birth in
the six months preceding the interview. Individuals with
neurological disorders that might interfere with their
understanding the questions regarding the survey inter-
view were also excluded. One resident who was not found
in at least four visits, one in the weekend and another at
night, was considered lost.

Data collection

Data collection was carried among all adults living in
selected households. To this end, 35 interviewers were
selected. A personal digital assistant (PDA) was used to
record and store data. All interviewers were intensively
trained for the fieldwork; the survey pretest was con-
ducted among 30 adults not sampled, and the pilot study
was conducted among 100 individuals.

Outcome

The dependent variable was hypertension (yes/no), which
was defined as systolic pressure > 140 mmHg and/or dia-
stolic pressure > 90 mmHg, and/or self-report of taking
some antihypertensive medication, and/or diagnosis of
hypertension by a doctor [14].

Blood pressure levels were measured twice, and the
average measurements were used in the study. The rest-
ing time was approximately 30 minutes before the first
measurement and approximately 15 minutes between
measures. Blood pressure was measured in accordance
with the recommendations of the Brazilian Guidelines
on Hypertension [15]. For this purpose, blood pressure
was measured on the right arm, which rested on a table
at heart level with the palm facing upward. The individ-
ual remained sitting with his feet planted on the ground.
At the beginning of the interview, the individuals were
advised to refrain from smoking and drinking coffee,
chimarrdo, or black tea, and to empty their bladder.
Electronic sphygmomanometers with a digital readout
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system (Techiline®, Sio Paulo, Brazil), previously and
properly calibrated by the National Institute of Metrol-
ogy, Standardization and Industrial Quality (Inmetro),
were used to measure blood pressure levels.

Anthropometric variables

Anthropometric measurements of body mass, height,
and WC were evaluated according to standardized pro-
cedures [16], and the mean of two measurements was
used in the study.

Body mass was measured with the digital scale model
HCM 5110M (GA.MA Italy Professional ®, Bologna, Italy),
with a resolution of 100 grams and 150 kg capacity, which
was calibrated before the survey. Height was measured
using a stadiometer with a measuring tape at a resolution
of 1 mm. The WC, taken without any clothing, was mea-
sured with an inextensible anthropometric tape (Sanny ®,
Sao Bernardo do Campo, Brazil) with a resolution of
1 mm at the narrowest waist.

%BF was calculated based on equations with BMI [8] and
WC [9]. The equation using BMI developed with a sample
composed of white Americans and Africans showed a de-
termination coefficient of R = 0.86 and a standard error of
4.98% when compared to the body composition analysis of
the four-compartment model evaluated by means of DEXA
(bone density) and hydrostatic weighing (water and body
volume) [8]. The equation of Gallagher et al. [8] is as fol-
lows: %BF = 64.5 - 848 x (1/BMI) + 0.079 x age - 16.4 x sex
+ 0.05 x sex x age + 39.0 x sex x (1/BMI). In the indication
of sex, the values are 1 for men and 0 for women; age is
given in complete years.

The equation with WC developed with healthy adults
from Glasgow, Scotland, showed a determination coeffi-
cient of R = 77.8%, with %BF estimated by means of
hydrostatic weighing, and a standard error of 4.10% for
men, and a determination coefficient of R = 70.4% and a
standard error of 4.70% for women [9]. The equation of
Lean et al. [9] differs between men and women. For
men: %BF = (0.567 x WC) + (0.101 x age) - 31.8. For
women: %BF = (0.439 x WC) + (0.221 x age) - 9.4. WC
must be in cm, and age in complete years.

BMI was calculated (weight/height ) and ranked accord-
ing to the literature [3] into obesity (BMI > 30 kg/m?),
overweight (BMI of 25.0 to 29.9 kg/m?) normal weight
(BMI > 18.5 and <25 l(g/mz), and underweight (BMI
<18.5). WC was assessed based on cutoff points in relation
to risk of metabolic complications, and ranked into very
high risk (men > 102 cm, women > 88 cm), high risk (men
> 94 c¢m, women > 80 c¢m), and no risk (men <94 cm,
women <80 c¢cm) [3]. The inter-and intra-examiner tech-
nical error of measurement (TEM) was calculated accord-
ing to the recommendations of Gore et al. [5]. The
maximum inter-examiner TEM (1.86%) and intra-examiner
TEM (1.18%) was found in the WC measure, which
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indicated an adequate level of interviewers for anthropo-
metric measurements.

Control variables

The control variables included demographic data, such as
age, which was expressed in complete years and categor-
ized as 20-39 and 40-59 years. The self-reported skin
color was collected based on the categories proposed by
the IBGE [17] and classified as white, light-skinned black,
dark-skinned black, yellow, and indigenous. The socioeco-
nomic variables were educational level assessed by the
complete years of schooling and per capita family income
in reais (R$, the Brazilian currency; US$ 1 = R$ 1.7 during
the data collection period).

Smoking was assessed by the categories nonsmoker,
former smoker, light smoker (less than 10 cigarettes
daily), and moderate/heavy smoker (more than 20 cigar-
ettes daily). The Alcohol Use Disorders Identification
Test (AUDIT) was used to identify people with problem-
atic alcohol use, using the cutoff point to classify sub-
jects into no (score 0-7) and yes (score > 8) [18].
Physical activity was assessed according to the leisure
domain of the questionnaire used in the surveillance sys-
tem of risk and protective factors for chronic diseases
through a telephone survey (VIGITEL), considering as
inactive those who practiced no physical exercise or
practiced less than once a week in the three months pre-
ceding the interview [19]. Food habits were assessed
based on the regular consumption of fruits and vegeta-
bles (> 5 days per week) according to the VIGITEL ques-
tionnaire [20].

Statistical analysis

Descriptive statistics using the mean, standard deviation,
and absolute and relative frequency was applied. To com-
pare continuous variables between sexes, Student’s t-test
for independent samples was used. To determine differ-
ences between sexes in the distribution of categorical vari-
ables, the chi-square test was used. The ROC curve was
calculated to analyze the discriminatory power of %BF in
the identification of hypertension and to find the best cut-
offs to identify this association [21]. In this study, this cutoff
point was the one with the best accuracy, i.e., with fewer
false positives and false negatives. The larger the area under
the ROC curve (AUC), the greater the discriminatory
power of the %BF equation to identify hypertension. The
confidence interval was calculated at 95% (95% CI), which
determines whether or not the predictive capacity is due
to chance, and the lower limit should not be less than 0.50
[22]. The differences between the AUC values of the dif-
ferent %BF equations were compared using the nonpara-
metric test [23]. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
positive likelihood ratio (LR +), and negative likelihood
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Table 1 Characteristics of the adult population

Variables Women Men

n X (C1 95%) n X (C1 95%)
Total 959 761
Age (years) 959 38.5(37.8-393) 761 374 (36.5- 38.2)
Educational level 958 116 (11.3-11.9) 758 1.7 (114 -120)
Per capita family income (R$)t 940 13113 (1.219-3- 1.403.3) 745 1586.5 (1.420.0- 1.753.1)%
Body mass (kg) 925 65.3 (64.4- 66.2) 752 779 (76.9- 78.9)*
Height (cm) 928 1604 (160.0- 160.9) 756 1732 (172.7- 173.7)*
Body mass index (kg/m2) 923 254 (25.1- 25.7) 751 259 (25.6- 26.2)
Waist circumference (cm) 920 79.3 (784- 80.1) 751 884 (87.5- 89.2)*
Fat percentage (equation with BM ) 923 330 (325-334)* 751 20.9 (20.5-21.3)
Fat percentage (equation with WCI) 920 34.0 (33.5-34.5)* 751 221 (216-226)
Systolic blood pressure (mmHg) 928 1275 (126.2- 128.6) 754 139.8 (1384- 141.1)*
Diastolic blood pressure ( (mmHg) 928 81.9 (81.0- 82.8) 754 88.7 (87.6- 89.7)*

n % (95% Cl) n (95% CI)
Skin color
White 802 83.7 (79.8- 87.5) 642 84.1 (799 - 87.6)
Light-skinned black 73 0 (5.7-10.2) 74 10.1 (6.8- 134)
Dark-skinned black 53 3(.0-76) 34 45 (2.6- 6.6)
Yellow 15 1.7 (08 -25) 02 0.3 (0.1-06)
Indigenous 12 3(06-21) 08 1.0(03-17)
Age group
20-39 years 500 539 (49.6-58.1) 432 57.7 (52.3-63.0)
40-59 years 459 46.1 (41.9-50.3) 329 42.3 (37.0-47.7)
Smoking
No smoker 548 574 (53.2-615) 378 513 (46.1- 56.5)
Former smoker 238 25.1 (21.2- 289) 211 273 (223-324)
Light smoker 92 95 (76-114) 66 83 (6.1- 104)
Moderate / heavy smoker 77 80 (6.1-9.9) 101 13.1 (10.2- 15.8)*
Problematic alcohol use
No 870 904 (87.7- 93.0) 533 70.3 (66.1- 74.6)
Yes 89 96 (70-123) 228 29.7 (25.3- 35.9)*
Physical activity at leisure time
Active 400 414 (36.6- 46.1) 406 537 (48.1-59.2)
Inactive 558 586 (53.8- 63.3)* 354 46.3 (40.7- 51.8)
Food habit
Adequate 222 23.1 (19.8-26.3) 101 134 (10.1- 16.8)
Inadequate 736 76.9 (73.7- 80.2) 660 86.6 (83.2- 89.9)*
BMI
<185 kg/m2 26 28 (1.6-4.0) 8 1.0 (0.2-1.7)
185 -249 kg/m2 493 54.1 (50.0- 58.2) 346 46.9 (42.6- 51.0)
250-299 kg/m2 249 264 (234-29.3) 282 374 (34.1- 40.7)*
2300 kg/m2 155 16.7 (13.7- 19.6) 115 14.7 (11.8-17.4)
WC (cm) #
No risk 536 586 (53.8- 634) 541 73.1 (69.2- 76.9)
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Table 1 Characteristics of the adult population (Continued)
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High risk 188 21.0 (17.8-24.1) 119 15.7 (12.9-185)
Very high risk 196 204 (17.1- 23.6)* 91 11.2 (8.8- 13.6)
Fat percentage (equation with BM)

Normal 568 624 (58.2-66.5) 451 61.0 (56.7-654)
Increased 364 376 (334-41.7) 299 39.0 (34.6-433)
Fat percentage (equation with WC)

Normal 610 66.7 (62.2-71.2) 421 56.9 (52.3-614)
Increased 309 333 (28.7-37.7) 329 431 (38.5-47.7)%
Hypertension

No 642 69.5 (65.4- 73.6) 360 484 (44.2- 52.5)
Yes 286 30.5 (26.4- 34.6) 394 516 (47.5- 55.7)%

Cl 95%: confidence interval of 95%; X - mean; *significant difference between sexes (p<0.05); tR$: Brazilian currency, 1USS$ = 1,7R$ during the data collection

period; BMI: Body mass index; WC: waist circumference.

ratio (LR-) of all the best cutoffs of %BF were calculated to
identify hypertension.

The association between hypertension and high %BF esti-
mated by the cutoff points calculated in this study was ana-
lyzed by Poisson regression, estimating the crude and
adjusted prevalence ratios and 95% CI. Three models of
adjusted analysis were developed to determine the magni-
tude of association between excess fat and hypertension.
Model 1 was adjusted by sociodemographic variables (age,
skin color, educational level, and per capita family income).
Model 2 was adjusted by sociodemographic variables and
health behaviors (smoking, problematic alcohol use, prac-
tice of physical activities during leisure time, and regular
consumption of fruits and vegetables). Model 3 was
adjusted by sociodemographic variables, health behaviors,
height, and BMI (for %BF equation with WC) or WC (for
%BF equation with BMI). All analyses were stratified by
sex and carried out considering the design effect and sam-
pling weight. To calculate the screening properties of %BF
equations, the MedCalc software version 12.1.4 was used.
For association analyses, the Stata 9.0 software was used.

Ethical aspects

The study was approved by the Ethics Committee on
Human Research of the Federal University of Santa
Catarina (No. 351/08). All the subjects who participated
in the study signed an informed consent form.

Results

The response rate of this study was 85.3% (n = 1720). The
men had higher per capita family income, body mass,
height, WC, and systolic and diastolic blood pressure values
than the women (p <0.05). The men also had a higher
prevalence of moderate/heavy smoking (13.1%), problem-
atic alcohol use (29.7%), inadequate consumption of fruits
and vegetables (86.6%), overweight (37.4%), and high %BF

(43.1% for the equation with WC) compared to the women
(8.0%, 9.6%, 76.9%, 26.4%, and 33.3%, respectively). On the
other hand, the women had a higher prevalence of physical
inactivity (58.6%) and abdominal obesity (20.4%) than the
men (46.3% and 11.2%, respectively) (Table 1).

In both sexes (Table 2 and Figure 1), all %BF equations
showed significant discriminatory power for hypertension
(i.e.,, AUC > 0.5). The AUC did not differ between sexes or
between %BF equations.

Table 2 shows the screening properties for hyperten-
sion of the cutoffs of %BF estimated by the equation
with BMI and WC. For women, the cutoff of %BF esti-
mated by the equation with BMI with greater screening
capacity (highest sensitivity values) for hypertension was
34.0%. This cutoff point showed high sensitivity (68.1%)
and high NPV (82.6%). Additionally, this cutoff point
showed LR+ of 2.1 and LR- of 0.5. In women, the cutoff
of %BF estimated by the equation with WC with greater
screening capacity for hypertension was 34.1%. This cut-
off point showed sensitivity of 71.0% and NPV of 83.5%.
LR+ and LR- were 2.1 and 0.4, respectively.

In men, the cutoff of %BF estimated by the equation with
BMI with greater screening capacity for hypertension was
20.4%. This cutoff point had sensitivity of 71.4%, NPV of
65.7%, LR + of 1.8, and LR- of 0.5. For men, the cutoff of %
BF estimated by the equation with WC with greater screen-
ing capacity for hypertension was 20.7%. This cutoff point
showed sensitivity of 69.7% and NPV of 65.6%. LR+ and
LR- were 1.9 and 0.5, respectively (Table 2).

Figures 2 show the measures of association between
high %BF and hypertension. In all groups analyzed, adjust-
ing the model by sociodemographic variables (model 1)
and health behaviors (model 2) slightly modified the
strength of association between high %BF and hyperten-
sion in both sexes compared to the unadjusted model.
However, by adjusting the model simultaneously by



Table 2 Screening properties of %BF estimated by equation using BMI and WC to detect hypertension

AUC Cutoff Sensitivity Specificity PPV NPV LR+ LR-

(95% CI) (95% ClI) (95% Cl) (95% CI) (95% ClI) (95% Cl) (Cl 95%)
Women
%BF (equation with BMI) 0.73 (0.70- 0.76) 340 68.1% (62.3- 73.4) 68.2% (64.4- 71.8) 49.1% (44.1- 54.2) 82.6% (79.0- 85.7) 21(19-24) 0.5 (04- 06)
%BF 0.73 (0.70- 0.76) 34.1 71.0% (65.4- 76.2) 65.8% (61.9- 69.5) 48.2% (43.3- 53.1) 83.5% (79.9- 86.7) 21(19-23) 04 (04-0.5)
(equation with WC)
Men
%BF 0.70 (0.67- 0.73) 204 71.4% 59.8% 66.0% (61.2- 70.5) 65.7% (60.3- 70.9) 1.8 (1.6- 2.0) 0.5 (04- 06)
(equation with BMI) (66.6- 75.8) (54.5- 65.0)
%BF 0.69 (0.66- 0.73) 20.7 69.7% (64.8- 74.2) 63.4% 67.6% (62.8- 72.1) 65.6% (60.3- 70.6) 1.9 (1.7-2.1) 0.5 (0.4- 0.6)
(equation with WC) (58.1- 68.4)

AUC: area under the curve, 95% Cl: 95% confidence interval, PPV: positive predictive value, NPV: negative predictive value, LR+: positive likelihood ratio,
LR-: negative likelihood ratio.

Note: The cutoff points units are: kg/m?, No significant difference between area under the curve by women and men, and by age (p>0.05).

ZL1/L/1 L/Au91u0d/wod uonuinummm//:dny

TLLILL ‘TLOT [puinor uoniiny °[p 12 eA|IS

6 J0 9 abed



Silva et al. Nutrition Journal 2012, 11:112
http://www.nutritionj.com/content/11/1/112

Page 7 of 9

Women
1,0
0,8
Z
2 0,6
=
«@»
§
»vn 04 -
%BF (WC)
0,2 - = --%BF (BMI)
0,0 —— T T T T T
0,0 0,2 0,4 0,6 08 1,0
1-Specificity
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sociodemographic variables, health behaviors, height, and
WC or BMI (model 3), a reduction in this association was
observed. The measures of association between exposure
and outcome were higher for women than for men.

Discussion

The predictive capacity of the %BF equations analyzed
in this study was significant in identifying subjects with
hypertension (i.e., AUC > 0.50). The literature [24,25]
shows that a good screening test, in addition to having
significant predictive capacity, should be inexpensive,
easy to apply, and noninvasive, which are characteris-
tics present in equations analyzed. However, another

characteristic of a good screening test is high sensitivity
so as to minimize the number of false negatives [24]. In
this study, for women and men, the equations showed
high sensitivity.

Screening is the search for any sign or symptom that
might be indicative of a probable disease in asymptom-
atic subjects. In this study, screening is the identification
of high %BF as indicative of hypertension. The purpose
of screening is to refer people with any signs of the dis-
ease for better assessment, with monitoring and diagno-
sis from a qualified professional. Therefore, screening
tests should be more "sensitive" and diagnostic tests more
"specific" [25]. Thus, the %BF estimated by the equations

A Women © Men

4,5 Equation with body mass index
4,0
3,5

3,0

PR (CI 95%)

2,5
2,0
1,5

1,0

Equation with waist circumference

0.5

Crude Model 1

Model 2 Model 3

Crude Modell Model2 Model 3

Figure 2 Association between high %BF estimated by equations with BMI and WC and hypertension in adults. PR: Prevalence ratios;
C195%: confidence intervals of 95%. Model 1: Analysis adjusted by sociodemographic variables (age, skin color, educational level and per capita
family income). Model 2: Analysis adjusted by sociodemographic variables and health behaviors (smoking, problematic alcohol use, physical
activity and consumption of fruits and vegetables). Model 3: Analysis adjusted by sociodemographic variables, health behaviors, height and waist
circumference (for %BF estimated by equations with BMI) or body mass index (for %BF estimated by equations with WC).
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analyzed and the cutoff points established in this study
may be useful in screening hypertension in women and
men. For women, the % BF equation with WC showed
higher sensitivity values than the % BF equation with BMI.
For men, the % BF equation with BMI showed higher sen-
sitivity values than the % BF equation with WC.

One possible explanation for differences in sensitivity
values between equations may be the origin of the popula-
tion under study. The equation with WC used in this
study was created from a sample composed of adults from
Scotland, whose population is predominantly Caucasian
[9]. The equation with BMI used in this study was devel-
oped with a sample of white Americans and African
Americans [8]. The literature indicates that there are dif-
ferences in fat distribution according to ethnicity. Asians,
for example, have a higher adiposity degree for a given
BMI compared to the white population [26]. The Brazilian
population is very heterogeneous in terms of ethnicity,
which can be verified by the distribution of the skin color
variable.

The present study is consistent with other works in
reporting that high body fat is associated with hyperten-
sion [27-29]. The crude measures of association for both
equations and sexes indicate prevalence approximately
twice as high of subjects with high %BF of having hyper-
tension when compared to those with normal %BF. After
adjusting by sociodemographic variables and health
behaviors, this association was little changed, indicating
that regardless of age, skin color, educational level,
socioeconomic level, and lifestyle variables, excess fat is
strongly associated with hypertension. This highlights
why obesity is a major risk factor for hypertension, caus-
ing up to 30% of disease cases [2].

As in other studies that investigated the association
between obesity and noncommunicable chronic diseases
[28-30], this study found that by adjusting the analysis
model by anthropometric indicators (BMI, WC, and
height), the association between hypertension and high
%BF decreased. This suggests that there is a high correl-
ation between the anthropometric markers analyzed
[29]. For example, an elevated BMI may be due to the
accumulation of abdominal fat; high WC levels may be
indicative of excess total body fat.

Through % BE it is possible to estimate other body
composition components [10]. Moreover, analyzing only
the absolute WC and BMI values does not allow estimat-
ing lean body mass and fat mass. Thus, it is believed that
the % BF estimation should also be considered in body
fat and obesity evaluations at population level as widely
performed with WC and BMI [3].

This study has some limitations: 1) the cross-sectional
design does not allow establishing causal relationships
between hypertension and high %BF so reverse causality
cannot be ruled out; 2) the analysis of %BF conducted by
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means of anthropometric indicators of obesity is less ac-
curate than other methods aimed at assessing body com-
position; and 3) chronic diseases, such as hypertension,
are multifactorial, and in addition to anthropometric
measurements, other factors, such as heredity, should be
considered in future studies.

Conclusions

Screening for hypertension using %BF estimated by equa-
tions with BMI and WC should be performed carefully, tak-
ing into account the properties of each measure. In
practical terms, the screening of hypertension through %BF
is more useful in women, regardless of age, if the equation
with WC is used. In men, regardless of age, the screening is
most useful if the %BF equation with BMI is used. More-
over, there is greater prevalence of hypertension in adults
with high %BF values compared to those with lower %BF
measurements.

The findings of this study show that while people with
obesity are identified through % BF equations, there are
individuals at risk of hypertension. This information may
be relevant to health systems in countries of low and mid-
dle income that do not have enough financial and material
resources for the accurate diagnosis of obesity and
hypertension.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

DASS conceived the study, supervised data collection and data analysis, and
drafted the manuscript. ELP assisted in the statistical analysis, contributed to
the interpretation of the results and drafted the manuscript. MAP is the day-
to-day project manager, assisted in the statistical analysis and contributed to
the interpretation of the results. All authors read and approved the final
manuscript.

Acknowledgments

The authors thank the Brazilian Institute of Geography and Statistics for their
support in training, to Professor Dr. Nilza Nunes da Silva, School of Public
Health, University of Sao Paulo, for contributions in the sampling and the
Municipal Health Department of Florianopolis for their assistance in the
conduction of the research. This project was funded by the National Council
for Scientific and Technological Development - CNPq (No. 485327/2007-4).

Author details

'Post-graduation Program in Physical Education, Federal University of Santa
Catarina, Florianépolis, Brazil. Post-graduation Program in Public Health,
Federal University of Santa Catarina, Floriandpolis, Brazil.

Received: 6 August 2012 Accepted: 30 November 2012
Published: 17 December 2012

References

1. Haslam DW, James WP: Obesity. Lancet 2005, 366:1197-1209.

2. World Health Organization (WHO): Global health risks: mortality and burden
of disease attributable to selected major risks. Geneva: WHO; 2009.

3. World Health Organization (WHO): Obesity: preventing and managing the
global epidemic. Geneva: WHO; 1998.

4. Jackson AS, Ellis KJ, McFarlin BK, Sailors MH, Bray MS: Cross-validation of
generalised body composition equations with diverse young men and
women: the training intervention and genetics of exercise response
(TIGER) study. Br J Nutr 2009, 101:871-878.



Silva et al. Nutrition Journal 2012, 11:112
http://www.nutritionj.com/content/11/1/112

20.

21.

22.

23.

24.

25.

26.

27.

28.

Gore C, Norton K, Olds T, et al: Accreditation in anthropometry: an
Australian model. In Anthropometrica. Edited by Norton K, Olds T. Sydney:
University of New South Wales Press; 1996:395-411.

Azevedo LO, Queiroz RS, Rezende CE: The World Health Survey: a report
on the field experience in Brazil. Cad Saude Publica 2005,

21(Suppl 1):25-32.

Deurenberg P, Weststrate JA, Seidell JC: Body mass index as a measure of
body fatness: age- and sex-specific prediction formulas. Br J Nutr 1991,
65:105-114.

Gallagher D, Heymsfield SB, Heo M, Jebb SA, Murgatroyd PR, Sakamoto Y:
Healthy percentage body fat ranges: an approach for developing
guidelines based on body mass index. Am J Clin Nutr 2000, 72:694-701.
Lean ME, Han TS, Deurenberg P: Predicting body composition by
densitometry from simple anthropometric measurements. Am J Clin Nutr
1996, 63:4-14.

Drinkwater DT, Ross WD: The anthropometric fractionation of body mass.
In Kinanthropometry |l. Edited by Beunen G, Ostyn M, Simon J. Baltimore:
University Park Press; 1980:177-189.

Brazil Ministry of Health: Department of Health Care. Brazil; 2008. Ordinance
No. 154, January 25, 2008.

Panagiotakos DB, Chrysohoou C, Pitsavos C, Skoumas J, Lentzas Y, Katinioti
A, Stefanadis C: Hierarchical analysis of anthropometric indices in the
prediction of 5-year incidence of hypertension in apparently healthy
adults: the ATTICA study. Atherosclerosis 2009, 206:314-320.

Brazilian Institute of Geography and Statistics: Estimates of the resident
population on 1 July 2009, according to cities; 2009 [http://www.ibge.gov.br].
Chobanian AV, Bakris GJ, Black HR, et al: The Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure: the JNC 7 report. JAMA 2003,
289:2560-2572.

Sociedade Brasileira de Hipertenséo, Sociedade Brasileira de Cardiologia

e Sociedade Brasileira de Nefrologia: V Brazilian guidelines in arterial
hypertension. Arq Bras Cardiol 2007, 89:e24-e79.

Lohman TG, Roche AF, Martorell R: Anthropometric Standardization Reference
Manual. Champaign: Human Kinetics Books; 1988.

Brazilian Institute of Geography and Statistics: Census 2010;

2011 [http//www.ibge.gov.br/home/estatistica/populacao/censo2010/
defaultshtm].

Lima CT, Freire AC, Silva AP, Teixeira RM, Farrell M, Prince M: Concurrent
and construct validity of the audit in an urban Brazilian sample.

Alcohol Alcohol 2005, 40:584-589.

Florindo AA, Hallal PC, Moura EC, Malta DC: Practice of physical activities
and associated factors in adults, Brazil, 2006. Rev Saude Publica 2009,
43:65-73.

Jaime PC, Figueiredo IC, Moura EC, Malta DC: Factors associated with fruit
and vegetable consumption in Brazil, 2006. Rev Saude Publica 2009,
43:57-64.

Swets JA: The relative operating characteristics in psychology.

Science 1973, 182:990-1000.

Schisterman EF, Faraggi D, Reiser B, Trevisan M: Statistical inference for the

area under the receiver operating characteristic curve in the presence of

random measurement error. Am J Epidemiol 2001, 154:174-179.

Delong ER, DelLong DM, Clarke-Pearson DL: Comparing the areas under
two or more correlated receiver operating characteristic curves:

a nonparametric approach. Biometrics 1988, 44:837-845.

Fletcher RH, Fletcher SW, Wagner EH: Clinical Epidemiology: The Essentials.
3rd edition. Philadelphia: Lippincott, Williams & Wilkins Publishers; 1996.
Rothman KJ, Greenland S: Modern epidemiology. 2nd edition. Philadelphia:
Lippincott, Williams & Wilkins Publishers; 1998.

Deurenberg P, Yap M, van Staveren WA: Body mass index and percent
body fat: a meta analysis among different ethnic groups. Int J Obes Relat
Metab Disord 1998, 22:1164-1171.

Gus M, Fuchs SC, Moreira LB, et al: Association between different
measurements of obesity and the incidence of hypertension.

Am J Hypertens 2004, 17:50-53.

Wang TD, Goto S, Bhatt DL, et al: Ethnic differences in the relationships of
anthropometric measures to metabolic risk factors in Asian patients at
risk of atherothrombosis: results from the REduction of
Atherothrombosis for Continued Health (REACH) Registry.

Metabolism 2010, 59:400-408.

Page 9 of 9

29. Barbosa LS, Scala LC, Ferreira MG: Association between anthropometric
markers of body adiposity and hypertension in an adult population of
Cuiaba, Mato Grosso. Rev Bras Epidemiol 2009, 12:237-247.

30. Yusuf S, Hawken S, Ounpuu S, et al: Obesity and the risk of myocardial
infarction in 27,000 participants from 52 countries: a case-control study.
Lancet 2005, 366:1640-1649.

doi:10.1186/1475-2891-11-112

Cite this article as: Silva et al.: Is high body fat estimated by body mass
index and waist circumference a predictor of hypertension in adults? A
population-based study. Nutrition Journal 2012 11:112.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www.ibge.gov.br
http://www.ibge.gov.br/home/estatistica/populacao/censo2010/default.shtm
http://www.ibge.gov.br/home/estatistica/populacao/censo2010/default.shtm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Population and sample
	Eligibility, exclusion, and loss criteria
	Data collection
	Outcome
	Anthropometric variables
	Control variables
	Statistical analysis
	Ethical aspects

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References
	Rights template Biomed.pdf
	BioMed Central Open Access license agreement
	Brief summary of the agreement
	Anyone is free:
	Under the following conditions: Attribution

	Full BioMed Central Open Access license agreement




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


