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Abstract – Body adiposity index (BAI) is a relatively recent evaluation method for the diag-
nosis of overweight and obesity, which takes into account simple measures. The aim of this 
study was to verify the association between BAI and cardiovascular risk factors in teachers. 
A cross-sectional study was conducted with 495 teachers from the city of Viçosa-MG. BAI, 
body mass index (BMI), abdominal circumference (AC), waist-to-hip ratio (WtHR), body 
fat percentage (%BF), systolic and diastolic blood pressure, fasting glucose, total cholesterol 
and triglycerides were evaluated. Associations between BAI (independent variable) and other 
variables (dependent variable) were evaluated through simple linear regression. Of the total 
participants, 32.12% presented high BAI and higher anthropometric, blood pressure and 
biochemical values (p<0.05). Higher percentage of high BAI was observed among men and 
with advancing age. Linear regression analysis showed positive association between BAI and 
other anthropometric measurements (p<0.001), with glucose (R²=0.024; p=0.001) and total 
cholesterol (R²=0.028; p<0.001). BAI was positively associated with the other anthropometric 
measures (BMI, %BF, AC and WtHR), and with the glucose and total cholesterol of evaluated 
teachers. Higher BAI was observed among men and with advancing age.
Key words: Faculty; Obesity; Risk factors.

Resumo – O índice de adiposidade corporal (IAC) é um método relativamente recente de avaliação 
para o diagnóstico do sobrepeso e obesidade, que leva em consideração medidas simples. Objetivo: 
Verificar a associação entre IAC e fatores de risco cardiovasculares em professores. Foi realizado um 
estudo transversal em 495 professores da cidade de Viçosa-MG. Avaliou-se o IAC, índice de massa 
corporal (IMC), circunferência abdominal (CA), relação cintura-quadril (RCQ), percentual de 
gordura corporal (%GC), pressão arterial sistólica e diastólica, glicemia de jejum, colesterol total e 
triglicerídeos. Avaliaram-se as associações entre o IAC (variável independente) e demais variáveis 
(variável dependente) através da regressão linear simples. Do total de avaliados, 32,12% apresenta-
ram o IAC elevado, com estes apresentando maiores valores antropométricos, pressóricos e bioquímicos 
(p<0,05). Pode-se observar maior porcentagem de IAC elevada entre os homens e com o avançar da 
idade. A análise de regressão linear mostrou associação positiva entre o IAC e as demais medidas an-
tropométricas (p<0,001), com a glicose (R²=0,024; p=0,001) e colesterol total (R²=0,028; p <0,001). 
O IAC apresentou associação positiva com as demais medidas antropométricas (IMC, %GC, CA e 
RCQ), e com a glicose e colesterol total dos professores avaliados. Pode-se observar maior IAC entre 
os homens e com o avançar da idade. 
Palavras-chave: Docentes; Fatores de risco; Obesidade.
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INTRODUCTION

Cardiovascular diseases represent the main cause of death in the world, 
accounting for about 30% of deaths in Brazil1. Obesity is among the risk 
factors for such diseases, which has increasing prevalence due to the de-
crease in levels of physical activity and increased caloric intake2.

Obesity is associated with increased risk of hypertension, dyslipidemia, 
type 2 diabetes mellitus, coronary artery disease, osteoarthritis, some types 
of cancer, among other diseases3. Thus, it deserves special attention, as 
public spending has increased in Brazil due to the increased prevalence 
of obesity4.

Excess adipose tissue is present among obese individuals, and this is 
a tissue that secretes large number of bioactive mediators and cytokines, 
such as C-reactive protein and interleukin 6, involved in inflammation, 
coagulation and fibrionolysis5. Thus, there is a need for early assessment 
of these individuals in order to detect groups at risk and promote behav-
ioral intervention actions (increase levels of physical activity and dietary 
reeducation) to avoid the continuity of weight gain, and / or even promote 
body mass reduction.

Thus, studies should seek the best way to diagnose obesity, as there are 
several anthropometric techniques used in studies conducted in Brazil6-8. 
However, it is noteworthy that there is no perfect technique for the diag-
nosis of overweight and obesity, in which variations according to genetic 
and ethnic factors can occur2.

Among techniques used, body mass index (BMI) stands out as a simple 
technique with easy practical application, but it has important limitations, 
as it is not directly associated with body fat9.

Thus, it is important to seek other ways of assessing body adiposity and 
to establish its relationship with several cardiovascular risk factors. The body 
adiposity index (BAI) is a relatively recent assessment method that takes 
into account simple measures, such as height and hip circumference10. In 
addition, this new index showed promising results in studies conducted 
with Brazilian adults11.

Therefore, the aim of the present study was to verify the association 
between body adiposity index and cardiovascular risk factors in teachers.

METHOD

A descriptive study with cross-sectional design was conducted with 495 
basic education and higher education teachers from the city of Viçosa-MG. 
Data collection took place at the Human Performance Laboratory of the 
Department of Physical Education - Federal University of Viçosa (UFV), 
or at the school where basic education teachers worked, in a reserved room 
(except for blood parameters).

Sample calculations were performed according to the following equa-
tion: n = P x Q / (E / 1.96)² 12, obtaining the necessary value to compose 
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the sample of basic education and higher education teachers. After this 
procedure, all teachers from a public university and elementary and high 
schools (public and private) in the city were invited to participate in the 
study, but they should meet the following inclusion / exclusion criteria: 
1) at least three years of teaching experience; 2) not being on medical or 
gestational leave; 3) not having any organic and / or metabolic impairment 
that would prevent them from participating in the study.

Initially, the procedures adopted were approved by the UFV Ethics 
Committee on Human Research (Ref. No. 009/2009 / CEPH, higher 
education teachers; Ref. No. 070/2012 / CEPH, public high-school teach-
ers and CAAE 48845415.0.0000.5153, private high-school teachers), in 
accordance with Resolution 466/12 of the National Health Council. Before 
starting data collection, all participants signed the Free and Informed 
Consent Form.

Body mass and height were evaluated, allowing BMI calculation; in 
addition to waist circumference (lower curvature between the last costal 
arch and the iliac crest), abdomen (at the height of the umbilical scar), hip 
(region with the largest hip protuberance), with calculation of the waist-
to-hip ratio (WtHR).

BAI was calculated using hip circumference and height data 10. For 
the estimation of excess body adiposity through BAI, the following cutoff 
point was considered: 25% for men and 35% for women13.

Body fat percentage (% BF) was assessed using the skinfold tech-
nique, following recommendations of protocols of Jackson and Pollock14 
and Jackson et al.15, with measurement of three skinfolds (Men: Pectoral, 
Abdomen and Thigh; Women: Triceps, Supra-iliac and Thigh). The Siri’s 
equation16 was used to convert body density into % BF: (% BF = [(4.95 / 
SF) - 4.50] x 100).

To record systolic (SBP) and diastolic (DBP) blood pressure, the subject 
remained at rest for 5 minutes in the sitting position. Measurements were 
performed according to criteria of the Brazilian Society of Cardiology17.

For the collection of biochemical parameters among basic education 
teachers, venous blood samples were used. Such collections were performed 
between 07:00 am and 09:00 am by a qualified professional at the Clini-
cal Analysis Laboratory of the UFV Health Division after a 12-hour fast. 
Fasting blood glucose (glucose oxidase method), total cholesterol and 
triglycerides (enzymatic calorimetric method) were analyzed. The device 
used for analysis was Cobas Mira Plus (Roche Diagnostics, Montclair, NJ, 
USA), and kits were obtained from Bioclin-Quibasa company.

Among higher education teachers, biochemical parameters were per-
formed by means of digital puncture, with subject being evaluated on a 
fasting period of at least four hours. All blood collection and analysis pro-
cedures were performed using disposable materials. The equipment used for 
blood analysis was Accutrend PLUS (Roche, USA), for lipid parameters and 
Accu-Chek Go (Roche, USA), for glucose. Both devices have been validated 
in previous studies for triglyceride18 and capillary glucose19 parameters.
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Data analysis started with the Komolgorov-Smirnov test, with Lil-
liefors correction, to verify the assumption of normality of variables, with 
only %BF values ​​showing normal distribution. Subsequently, data analysis 
constituted the descriptive exploration of study variables (mean and stand-
ard deviation) and the calculation of relative frequencies. The Student t test 
was used to compare means between independent groups, and the Mann-
Whitney test was used for non-parametric data. Associations between 
BAI (independent variable) and other variables (dependent variable) were 
evaluated using simple linear regression. Logarithmic transformation (base 
10) of dependent variables that did not have normal distribution was per-
formed to be used in the linear regression. For all treatments, significance 
level of 5% was adopted. All statistical analyses were performed using the 
SPSS for Windows program, version 20.0 (Chicago, USA).

RESULTS

Overall, 495 basic and higher education teachers were evaluated, of which 
324 were female and 171 were male. Of the total number of individuals 
evaluated, 32.12% had high BAI (> 25% for men and > 35% for women). 
Table 1 shows the sample characteristics according to the presence of 
normal and elevated BAI.

Table 1. Sample characteristics according to body adiposity index, Viçosa-MG.

Variables Normal BAI 
(n= 336)

High BAI
 (n= 159) P-value

Age (years) 41.78+10.56 45.23+10.26 0.001*

Body mass (kg) 65.60+10.78 81.01+13.87 <0.001*

Height (m) 1.66+0.09 1.64+0.09 0.176*

BMI (Kg/m²) 23.86+2.81 30.02+4.11 <0.001*

WC (cm) 78.44+8.69 92.18+10.43 <0.001*

HC (cm) 97.48+6.49 107.40+9.25 <0.001*

AC (cm) 85.58+8.77 98.54+10.76 <0.001*

WtHR 0.81+0.08 0.86+0.08 <0.001*

%BF 26.76+7.01 30.72+8.27 <0.001ǂ

BAI 25.96+4.16 33.45+6.56 <0.001*

SBP (mmHg) 112.07+12.51 119.53+13.48 <0.001*

DBP (mmHg) 73.30+9.62 76.92+9.76 <0.001*

Glucose (mg/dL) 86.77+11.55 92.25+22.23 0.002*

TC (mg/dL)¹ 188.98+35.06 190.29+31.65 0.419*

Triglycerides (mg/dL)² 121.60+64.52 147.09+70.48 <0.001*

Note. * Mann-Whitney test; Student Student t test; ¹ Data from 327 teachers with normal BAI and 
149 with high BAI; ² Data from 326 teachers with normal BAI and 153 with high BAI; BMI: body 
mass index; WC: waist circumference; HC: hip circumference; AC: abdominal circumference; 
WtHR: waist-to-hip ratio; % BF: body fat percentage; BAI: body adiposity index; SBP: systolic 
blood pressure; DBP: diastolic blood pressure; TC: total cholesterol.

When analyzing BAI according to sex, it was possible to observe that males 
presented higher percentage in relation to females (Figure 1). While analyzing 
according to age group, increase with advancing age was observed (Figure 2).
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Figure 1. Prevalence of high BAI according to sex, Viçosa-MG. Pearson’s chi-square test; BAI: 
body adiposity index.

Figure 2. Prevalence of high BAI according to age group, Viçosa-MG. Pearson’s chi-square test; 
BAI: body adiposity index.

Linear regression analysis showed positive association between BAI 
and the other anthropometric measures (BMI, %BF, WC and WtHR), 
although the greatest association was with abdominal circumference, 
which presented about 58% of its variation explained by BAI variation. 
There was also association with glucose and total cholesterol, although the 
explanatory power of variables was reduced (table 2).

Table 2. Linear regression coefficient between body adiposity index and cardiovascular risk factors 
of teachers, Viçosa-MG

Dependent variables Β 95% CI R² P-value

BMI* 0.008 0.007; 0.009 0.430 <0.001

%BF 1.033 0.955; 1.110 0.584 <0.001

AC* 0.004 0.003; 0.004 0.143 <0.001

WtHR* -0.002 -0.003; -0.001 0.053 <0.001

SBP* 0.001 0.000; 0.001 0.006 0.076

DBP* -2.534 -0.001; 0.001 0.000 0.957

Glucose* 0.002 0.001; 0.003 0.024 0.001

Total cholesterol * 0.002 0.001; 0.004 0.028 <0.001

Triglycerides* 0.001 -0.003; -0.004 0.000 0.672

Note. % BF: body fat percentage; AC: abdominal circumference; WtHR: waist-to-hip ratio; SBP: 
systolic blood pressure; DBP: diastolic blood pressure; * Transformed into logarithm value (base 10).
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DISCUSSION

The results found in the present study revealed high BAI prevalence among 
participants (32.12%), who presented higher values ​​of cardiovascular risk 
factors (Table 1). The percentage found was similar to that observed in the 
study by Segheto et al.11 in Brazilian adults, with value of 36.89%; and the 
study by García et al.20, in Colombian adults, with 33.9%.

This result is in agreement with data obtained in Brazil, in which it 
is possible to observe high values ​​related to obesity. The last telephone 
survey carried out by the Ministry of Health found overweight prevalence 
of 53.8%, with 17.7% of those showing obesity21.

These values ​​become relevant, as obesity is associated with several 
cardiovascular diseases1. As observed in the present study, those who had 
high BAI obtained higher averages for anthropometric, blood pressure and 
biochemical variables (Table 1). Thus, it is important to emphasize preven-
tive and control measures through dietary reeducation and regular practice 
of physical activity, aiming to reduce obesity and associated risk factors.

It was possible to verify that males had higher prevalence than females 
(Figure 1). This result corroborates results obtained by Segheto et al.11. In 
addition, when compared to national data using BMI as anthropometric 
measure, higher values ​​are also observed among men21. Thus, measures 
such as educational campaigns aimed at this specific group should be 
carried out in order to reduce this condition. It is known that men are at 
higher cardiovascular risk compared to women. In addition, men tend to 
worry less than women about preventive aspects22, which may be one of 
the reasons why women have longer life expectancy23.

Increase in BAI with increasing age was also observed (Figure 2). 
National data also show increase in obesity with advancing age21. One 
of the factors that may favor the increase in body weight with age is the 
reduction in the level of physical activity and the basal metabolic rate. It 
is also found that age has been associated with lower levels of physical 
activity21. Therefore, encouraging regular exercise throughout life should 
be a central focus of public policies.

Thus, prevention campaigns aiming at healthy aging, with adherence 
to regular practice of physical activity with a view of preventing obesity 
should be implemented. This is important, since Brazil has been showing 
an increasing aging process among its population23.

BAI was associated with the other anthropometric indicators, and with 
the glucose and total cholesterol, and the greatest strength of association 
was with % BF. A study by Fedewa et al.24 found that BAI is a better % 
BF predictor when compared to BMI in young adults, which is a very 
important point. The authors reported that this index can provide useful 
estimates of body composition and disease risk in field contexts, where the 
use of more sophisticated equipment is not feasible.

The use of dual-energy x-ray absorptiometry (DEXA) to assess body 
composition is ideal, but this technology is not available to the population. 
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Electrical bioimpedance requires certain preconditions for the record of 
reliable data, and it is not always possible to follow a correct methodology, 
which affects the results. Establishing % BF by anthropometric technique 
is very practical and quick, but it needs a very well-trained evaluator. Thus, 
BAI becomes an essential tool.

In Brazil, a validation study in adults also found that although BAI does 
not replace the other body fat assessment techniques, there was correlation 
with other methods. Thus, the authors argue that due to its application 
advantages, it can be an alternative to estimate body fat in the absence of 
other more complex techniques25.

Among biochemical parameters, BAI was associated with glucose 
and total cholesterol (Table 2). Regarding blood glucose, previous studies 
found association between BAI and diabetes in hypertensive men and cor-
relation with glucose and insulin in obese men26,27. Such association may 
be due to the increase in the secretion of leptin, resistin and inhibitor-1 
of plasminogen activation (PAI-1), which occurs in obesity and can cause 
insulin resistance28.

The association between BAI and total cholesterol observed in the 
present study has also been reported in a study with adults from Bogotá, 
in which the authors found that high BAI values ​​are related to worse lipid 
profiles20. In fact, it is known that obesity can contribute to the increase 
of free fatty acids in the liver and formation of low-density lipoprotein 
(LDL-C)29,30. Such association deserves attention, as dyslipidemias are 
involved in the atherosclerotic process.

Finally, the present study had some limitations, such as: 1) the cross-
sectional design, allowing the occurrence of reverse causality, which can 
interfere in the interpretation of results; 2) the lack of assessment of the 
nutritional pattern and the level of physical activity of participants, which 
could contribute to verify factors associated with BAI.

As practical implication of this study, when the use of more robust 
measures to assess body composition is infeasible, BAI can be a measure to 
be used due to its simplicity of application, requiring only an anthropomet-
ric tape, since it uses hip circumference and height measurements, becom-
ing an important tool in population epidemiological survey environments.

The need for prevention and control measures among this group of 
workers is emphasized, as high number of individuals with high BAI 
were observed. In addition, further studies should be carried out using 
this measure to assess body adiposity in order to confirm the results found.

CONCLUSION

BAI showed positive association with the other anthropometric measure-
ments (BMI, % BF, AC and WtHR), and with glucose and total cholesterol 
of evaluated teachers. When BAI was analyzed according to sex and age 
group, higher percentage was observed among men and increase with 
advancing age.
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