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Abstract:
Introduction:
The measurement of body fat is a way to obtain information about the characteristics that can lead to a framework of certain diseases.
Thus, women in postmenopausal period experience significant variations in the body composition and fat distribution.
Objective:
To develop an equation to estimation of the body fat percentage in women with osteopenia / osteoporosis based on anthropometric
measurements easily obtainable.
Methods:
The sample consisted of 74 women participating in the study group of the Physical Exercise Program for Osteoporosis Federal
Technological University of Paraná, all in postmenopausal period and with osteopenia or osteoporosis. It evaluated body composition
and bone mineral density by absorptiometry Radiological Dual Energy (DXA), anthropometry and body circumferences (waist,
abdomen and hips), and nutritional status by the Body Mass Index (BMI) as the World Health Organization classification.
Results:
The sample can be characterized by the following average data: age of 59.32 ± 6.96, 27.14 ± 3 BMI 90, Waist Hip Ratio of 0.85 ±
0.08 and Body fat percentage 40.35 ± 4.04. The proposed equation was Body Fat Percentage (BFP) = 14,419 + (0.405 x BMI) +
(0.147 x HC) using only two predictor variables, BMI and hip circumference (PQ).
Conclusion:
The standard error of estimate of the proposed equation was 2.89 (R2 = 0.501) can be considered low average values for the
percentage of fat in this population, suggesting that the equation can be used to estimate the percentage of body fat in
postmenopausal women.
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1. INTRODUCTION
Osteoporosis is a skeletal disorder associated with decreased mass and deterioration of bone microarchitecture [1].
Diagnosis is performed by Bone Mineral Density (BMD) analysis [2]. Some world data indicate that osteoporosis
affects more than 75 million people and it is estimated that by 2020 more than 10 million women will have the disease
[3]. The incidence of osteoporosis is from 35% to 52% in women over fifty years, generating a treatment worth over $ 1
billion per year [3]. Some risk factors are known: lifestyle, endocrine status, genetic factors, surgery, medicines and
dietary habits [4].
As osteoporosis, obesity is considered a chronic disease with high prevalence in the world population. In this regard,
the association between obesity and bone mass is described some time ago. It is suggested that environmental and
genetic factors act in the same direction for bone and fat mass [5]. Physical educators, personal trainers and coaches
need to pay attention to changes in body composition of their clients and athletes. These changes can lead prove fruitful
or to pathological situations [6]. Thus, besides the loss of bone mass in postmenopausal period, women still experience
significant variations in body composition and distribution of fat. The association between weight gain, muscle mass
loss, increased body fat and changes in bone mass still has controversial results reported in the scientific literature [7].
However, the body weight is considered an important determinant of BMD. The increased weight leads to increased
mechanical strength in the bone and consequent reduction of bone resorption [7].
The body fat measurement is one tool for assessing the risk to development of metabolic and cardiovascular
diseases. There are many methods and techniques used for the assessment of body composition and estimation of the
body fat percentage [8]. Among them, it can cite: anthropometry (skinfolds); body volume / density (hydrostatic
weighing and plethysmography); bioimpedance (bioelectrical impedance); Picture / Attenuation X-ray / Infrared rays
(radiation dual beam absorptiometry, computed tomography, magnetic resonance, ultrasound) and multi-compartment
model (equations) [9].However, most of these methods require expensive technological resources, which prevents the
frequent monitoring of body composition in large population groups.
In this sense, the present study aimed to propose an equation to estimate body fat percentage for women with
osteopenia / osteoporosis based on anthropometric measurements easily obtainable.
2. METHODS
The sample consisted of 74 women who were participating in the exercise program of study group Physicians for
Osteoporosis (PEFO) in the Federal Technological University of Paraná (UTFPR), all were in postmenopausal period
and having osteopenia or osteoporosis.
The assessment of body composition and bone mineral density were done by Absorptiometry Radiological Dual
Energy (DXA), performed with equipment from Hologic QDR™ 4500 model Discovery. For anthropometric
assessment were included: weight, height, waist circumference, waist circumference and hip circumference. Weight was
measured using a digital scale brand Wiso with W910 model, capacity 180 kg, graduation 100 grams with tempered
glass platform, LCD screen, automatic activation to step on the scale and auto power off in 15 seconds. To weight
measure, volunteers were barefoot and wearing only light clothing fabric type mesh (unadorned usage, buttons, bra,
zipper and clothes with jeans fabric or similar).
Height was measured with a device Wiso® with measuring range 0-210 cm, tape type with retractable spring,
resolution in millimeters and numbering for every centimetre. This device was put at the wall to perform the height
measurement in the upright position at the time of respiratory inspiration. For the evaluation of body circumferences
(waist, abdomen and hips) was used the same device Wiso®. During the waist circumference measurement, the tape was
placed around the smallest circumference between the ribs and the iliac crest. For abdomen measuring tape was placed
two fingers below the navel point. The measurement of the hip circumference was carried out by positioning the tape
around the hips at the most protuberant area.
The characterization of nutritional status from the IMC followed the World Health Organization classification used
by the mostly of authors of this domain [10, 11]: normal weight (BMI> 18.5 and <25), overweight (BMI ≥ 25 and <30)
and obesity (BMI ≥ 30 kg / m2).
The study followed the ethical aspects recommended by Resolution 466/2012 on research involving human subjects

Equation to Fat Percentage Estimation in Women

The Open Sports Sciences Journal, 2017, Volume 10 253

and was approved by the Research Ethics Committee under CAAE number:. 21751513.0.0000.5547 on 13/02/2014.
Descriptive data are presented as mean and standard deviation. The model was built from the linear regression. For
determination of the predictor variables was used the Pearson correlation coefficient. All analyses were performed using
the Software Statistical Package for Social Sciences 21. The confidence interval was set at 95.00% (p < 0.05).
3. RESULTS
The sample consisted of 74 women diagnosed with osteopenia or osteoporosis, in postmenopausal period. The
sample profile is presented in Table 1.
Table 1. Characteristics of women diagnosed with osteopenia / osteoporosis in postmenopausal (n = 74), Curitiba, Brazil,
2015.
Variables

Minimum

Maximum

Average

Standard Deviation

Age (years)

46,00

79,00

59,32

6,96

Height (m)

1,43

1,75

1,57

0,06

Weight (kg)

45,50

103,30

67,25

11,15

BMI

19,42

37,81

27,14

3,91

Waist circumference (cm)

61,00

131,00

88,03

12,00

Hip circumference (cm)

72,00

127,00

101,35

9,79

WHR

0,69

1,03

0,85

0,08

BMDFemur (g/cm2)

0,53

0,82

0,67

0,07

BMDColumn (g/cm2)

0,66

1,06

0,83

0,08

BodyFat Percentage (%)
29,20
49,00
Where: BMI = body mass index; WHR = waist-hip ratio; BMD = bone mineral density.

40,35

4,04

To test the correlation between anthropometric variables, we proceeded to the Pearson test. Table 2 shows the
results of analysis.
Table 2. Pearson correlation for the anthropometric variables (n = 74), Curitiba, Brazil, 2015.
Variables

HC

WC

IMC

%Fat

HC

-

0,791*

0,819*

0,673*

WC

0,791*

-

0,822*

0,604*

IMC

0,819*

0,822*

-

0,677*

DXA BF%
0,673*
0,604*
0,677*
Where: DXA BF% = Body Fat Percentage by Absorptiometry Radiological Dual Energy, HC = Hip Circumference; WC = Waist Circumference;
BMI = Body Mass Index. *p <0.01.

Afterwards, we proceeded to the linear regression between the percentage of fat variables and anthropometric data.
Table 3 expresses the results of the analysis to the equation proposed to achieve the goal of the present study.
Table 3. Linear regression analysis of results for equations to estimate the percentage of fat per anthropometric variables.
Number of Variables

R2

Standard error of estimate

Predictors

7

0,517

2,9662

Constant + WHR, Height, Age, BMI, HC, WC and Weight

3

0,501

2,9208

Constant + HC, WC and BMI

2
0,501 2,8989
Constant + HC and BMI (Equation 1)
Where: WHR = Waist-Hip Ratio; BMI = Body Mass Index; HC = Hip Circumference; WC = Waist Circumference

Equation 1 expresses the relationship between the variables to obtain the estimated body fat percentage from the
BMI and HC.

BF% = 14,419 + (0,405 x IMC) + (0,147 x PQ)
Where: BF% = Body fat percentage, BMI = body mass index, HC = hip circumference.
Table 4 shows the statistical characteristics of the each predictor used in Equation 1.
Table 4. Statistics features of the proposed model for body fat percentage estimation using BMI and HC (Equation 1).

(1)
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Not Standardized Coefficients Standardized Coefficients

Model of Fat Percentage Prediction

Beta

t

p value

B

Standart-Model

(Constant)

14,419

3,718

-

3,879 0,000

BMI

0,405

0,160

0,382

2,524 0,014

HC
Where: BMI = Body Mass Index; HC = Hip Circumference.

0,147

0,062

0,360

2,374 0,020

4. DISCUSSION
The statistical parameters of the proposed equation were: 2.89 of standard error and a R2=0.501. This equation was
developed using anthropometric variables of fast and easy acquisition. Some authors published a study [7]which aimed
to develop an equation for predicting body fat by analysing variables related to skinfold thickness, using as reference
the DXA, based in a group of 29 women with osteopenia / osteoporosis aged between 67 and 84 years. They used
skinfolds various sites such as: biceps, triceps, subscapular and supra-iliac. The authors proposedan equation with
standard error of 0.7% and 0.4 kg. Although the estimate by skinfolds can be more accurate than those conducted by the
equation proposed (Equation 1), the acquisitions of skinfold measurement are more complex and dependent on the
calibration of equipment and evaluators expertise. Thus, the equation proposed appears to be easier to use when you
need to monitor large numbers of people to more frequent monitoring of body composition of this population in
specific.
In the study conducted by Castro et al. [8], aimed to verify that the body fat percentage estimated for six equations
compared to DXA, based in a group of 46 healthy women with an average age of 65.9 (± 8.0). The equations used the
following anthropometric variables prediction: BMI, Arm Circumference (AC), waist circumference (WC) and
Abdominal Circumference (AC) [12 - 15].All equations were strongly correlated with DXA, but with poor correlation
among methods [8].The worst agreement with DXA was expressed by the equation proposed by Tran and Weltman
[15], considering the circumference of the abdomen and hip, getting a percentage error variation between -30.43 to
1.47.The best results were expressed by equations of Lean et al. [14], considers that the arm circumference and age,
with a percentage error variation between -24.93 to 14.48. Further, the equation of Movsesyan et al. [12], with
percentage error variation between -26.21 to 11.6.
The estimation of body fat percentage by skinfold thickness is limited, in obese people, by the difficulty in the
skinfolds grip (separation of the muscle and the subcutaneous fat layer). Still, variables related to evaluator's ability, the
type of compass used, the compressibility of adipose tissue and the patient's hydration level can influence the
measurement precision [16]. On the other hand, just the measure of BMI leads to an overestimate body fat in active
individuals and underestimate body fat in sedentary, obese, elderly and some clinical condition, despite his widely use
in nutrition status assessment [8, 16].
In a cross-sectional study conducted by Sampaio e Figueiredo [17] were evaluated 634 patients (316 adults and 318
elderly) of both sexes, by measurement of: weight, height, triceps and subscapular skinfold thickness and waist and hip
circumferences. The aim was to evaluate the correlation between body mass index and fat distribution, in adults and
elderly. It is noteworthy in this study that BMI was positively and strong correlated with waist circumference in both
age groups and in both sexes. However, BMI is less strongly correlated with WHR group, mainly in elderly women (r =
0.34; p <0.001).
In the study of Andrade et al. [18], whose objective was to investigate the relationship between BMI and body fat
percentage measured by bioelectrical impedance, which is not a ‘gold standard’ to this mensuration. The study tested
the usage of age and BMI to estimate the body fat percentage, proposing an equation with a R2=0.663 (p <0.001). In this
study, we used the DXA to assess body fat percentage which is considered 'gold standard' for assessing body
composition. The equation proposed in this study obtained a small standard error of estimate (2.89 with R2 = 0.501).
As regarding to limitations of this study, we did not have acquired others circumferences such as: arm
circumference and leg circumference, that maybe could improve the precision of the estimation' results.
CONCLUSION
The proposed equation ‘body fat percentage (BF%) = 14,419 + (0.405 x BMI) + (0.147 x PQ)’ used just two
predictor variables, BMI and PQ (hip circumference), which are easily measured and little influenced by experience the
evaluator, resulting in an easy and reproducible protocol. This equation can help physical educators, personal trainers
and coaches to monitor changes in body composition of their clients and athletes. The standard error of the estimate of
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the proposed equation was 2.89 (R2=0.501). It can be considered down to average values of fat percentage of this
population.
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