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ABSTRACT 
 

Aim: This study aimed to compare obesity, estimated percentage of fat in adolescents in Brazil, 
using Dual-Energy X-Ray Absorptiometry (DXA) with skinfold data that were entered into   
mathematical models. 
Study Design: This research is a cross-sectional, descriptive study. 
Place and Duration of Study: Participants were randomly selected from a pool of 525 students. It 
was conducted employing a sample with students from elementary and high schools in Curitiba - 
Paraná – Brazil (December – 2013 to December 2014). 
Methodology: Two hundred seventy two adolescents were evaluated (199 males and 73 
females), ages 12 to 17.9 years. The percentage of body fat (%BF) has been calculated using five 
skinfold thickness equations: Slaughter; Boileau, Lohman and Slaughter; Durnin and Rahaman; 
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Parizkova; Deurenberg, Weststrate and Seidell. They have been specifically applied to each 
gender, and compared to the reference method, DXA. 
Results: The results show that despite all equations producing statistically significant correlations, 
none demonstrated agreement with DXA in a Bland-Altman plot.  Sensitivity analyses showed a 
range of 37.3 to 77.7 for males and 21.2 to 69.2% for females, The Parizkova equation presented 
the best results in both genders.  
Conclusion: It was concluded that mathematical modeling for skinfold-thickness among Brazilian 
adolescents for estimate %BF must be improved. 
 

 
Keywords: Body composition; skinfold thickness; dual-energy X-ray absorptiometry; adolescents. 
 
1. INTRODUCTION 
 
Obesity has been shown to be one of the main 
risk factors for the manifestation of chronic 
diseases such as dyslipidemia, hypertension and 
diabetes [1]. This situation deserves greater 
attention among children and adolescents, 
because those who are obese, or present as 
overweight during childhood and adolescence, 
tend to become obese adults [2]. 
 
Different methods have been employed in the 
assessment of overweight and obesity [3]. In 
epidemiological research, for example, it is 
common to use methods such as Body Mass 
Index (BMI) which is simple and practical in its 
application, but is limited in its ability to 
determine fat mass, and fat-free mass [4]. 
 
The most accurate laboratory techniques for 
assessing body composition include: ultrasound 
[3], plethysmography [5], hydrostatic weighing [6] 
and dual-energy x-ray absorptiometry (DXA) 
[6,7]. The DXA technology is currently the most 
prominent because it is able to measure the 
density of muscle, fat mass and bone content 
with high accuracy. Because of this it is 
considered to be a reference methodology [6,8]. 
 
The fundamental principle of DXA is high energy 
photons attenuation by soft tissues and bones. 
An internal algorithm then calculates the amount 
of emitted and sensitized radiation by the 
detector after transposing the subject [6]. 
However, due to high cost, the method is still 
little used in the detection of obesity. 
 
Considering the need for low cost and ease of 
use, skinfold measurements are often used, a 
method which is widely used for individuals and 
small groups to differentiate fat free mass and 
body fat mass [9,10]. The measurement of 
skinfold thickness involves the pinching of skin 
and measuring subcutaneous fat by use of a 

caliper. However, this technique has limitations 
because the mathematical models used to 
calculate body composition, especially among 
adolescents, frequently produce wide ranges of 
body fat percentage (%BF) for the same person 
[9]. 
 
The equations most commonly used for 
adolescents were developed over 20 years ago 
[11-13], which is a time period when there was a 
different obesity prevalence rate among children 
and adolescents [4]. Additionally there have been 
changes in physical activity behavior in this 
population since the formulation of these 
equations. These issues raise doubts about the 
accuracy of the results. 
 
The purpose of this study was to compare 
different mathematical models that use skinfold 
thickness to assess body fatness among male 
and female adolescents with, DXA. 
 
2. MATERIALS AND METHODS 
 
2.1 Recruitment  
 
This research is a cross-sectional, descriptive 
study. It was conducted employing a sample with 
students from elementary and high schools in 
Curitiba - Paraná – Brazil (December – 2013 to 
December 2014). Participants were randomly 
selected from a pool of 525 students. We 
accepted those students who did not use 
medicines containing calcium and had not been 
submitted to radiography / computed tomography 
in the seven days preceding the assessment. 
Overall, 272 students were assessed, all were of 
white. 
 
2.2 Evaluated Protocol  
 
The total body mass was measured using 
standard techniques through a Tanita electronic 
scale with a capacity of 150 kg and resolution             
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of 0.1 kg. For height, a stadiometer with 
resolution of 0.1 cm was used (WCS, Curitiba, 
Brazil). 
 
Body composition was assessed by DXA using 
Hologic QDR Discovery scanner fan-beam, 
scanning type (Hologic, Inc., Bedford, MA, USA). 
The DXA assessment is based on the emission 
of x-rays of low and high energy (40kV and 70kV, 
respectively). The total scan time was 5 minutes. 
The BF% was provided using specific software 
for adolescents presented in DXA equipment. All 
evaluations were performed in Biochemical and 
Densitometry Laboratory in Federal University of 
Technology–Paraná. 
 
The measurements of skinfolds, triceps (T), 
subscapular (Sb), biceps (B), suprailiac (Sp), and 
medial calf (MC), were collected using a scientific 
caliper which has a resolution of 0.1 mm 
(Cescosrf, Brazil). Each fold was measured three 
times and the average of the values was used. 
The measures were taken by two researchers. 
The intra and inter-rater values of the 
measurements differed by 0.54% and 1.20%, 
respectively. Triceps measurement was obtained 
at the level of the mid-point between the 
acromiale and the radiale. The subscapular 
measure was taken at the lower angle of the 
scapula. The suprailiac measurement was 
obtained by measuring the lateral fold above the 
pelvic bone. Medial calf was measured at the 
point on the medial (inside) surface of the calf at 
the level of the largest circumference. 
 
Initially, a literature review was conducted in the 
MEDLINE database (National Library of 
Medicine). To locate appropriate research papers 

the key words, “estimate the percentage of fat” 
(%BF) was entered. That procedure identified 68 
research papers, but only six that had equations 
for both genders. The six papers were: Slaughter 
et al. [11], Boileau, Lohman and Slaughter [13], 
Durnin and Rahaman [12], Parizkova [14], 
Deurenberg, Weststrate and Seidell [15]. For the 
equation of Durnin and Rahaman and Parizkova 
it was necessary to use the equation of Siri [16] 
to convert body density in %BF. The equations 
used are shown in Table 1. 
 
2.3 Data Analysis  
 
Statistical analysis was made by descriptive 
presentation of the mean ± standard deviation 
values. Data normality was made using the 
Kolmogorov-Smirnov test. The validity of the 
proposed mathematical models was tested with 
the Pearson correlation. A paired t-test was used 
to estimate BF% measurements compared with 
DXA; total error (TE) and standard error of 
estimate (SEE) following the recommendations 
of Lohman [17] and agreement test between 
equations and DXA, was analyzed by the Bland-
Altman test [18]. Cut points of SEE and TE < 3.5 
[17] and statistical significance of p < 0.05 were 
used. 
 
Sensitivity and specificity were estimated using 
%BF as reference of DXA. High % body fat was 
defined as ≥ 25% in adolescents males and ≥ 
30% in females [19]. 
 
The Statistical Package for the Social Sciences 
(SPSS Inc. Released 2008. SPSS Statistics for 
Windows, Version 17.0. Chicago: SPSS Inc.), 
was used for all calculations. 

 
Table 1. Generalized equations for body density and body fat percentage 

 
Equation Author Gender Equation 
1 Slaughter et al. [11] M %BF = 0.735*(T+MC)+1 

F %BF = 0.61*(T+MC)+5.1 
2 Durnin and Rahaman [12] M D = 1.1533-0.0643*log(B+T+Sb+Sp) 

F D = 1.1369-0.0598*log(B+T+Sb+Sp) 
3 Boileau, Lohman and Slaughter [13] M %BF = 1.35*(T+Sb)-0.012*(T+Sb)2-4.4 

F %BF = 1.35*(T+Sb)-0.012*(T+Sb)2-2.4 
4 Parizkova [14] M D=1.130-0.055*log(T)-0.026*log(Sb) 
  F D=1.114-0.031*log(T)-0.041*log(Sb) 
5 Deurenberg, Weststrate and Seidell 

[15] 
M/F (a) %BF=1.51*(BMI)-0.70*(Age)-3.6*(G)+1.4  

  M/F (b) %BF= 1.2*(BMI)+0.23*(Age)-10.8*(G)-5.4 
6 Siri [16] M/F %BF=(495/D)-450 

Where: M = Male; F = Female; %BF = Percentage Body Fat; D = Corporal Density; T = Triceps Fold;  
MC = Medial Calf Fold; B = Biceps Fold; Sb = Subscapular Fold; Sp = Suprailiac Fold;  
BMI = Body Mass Index; G = Gender, Male = 1, Female = 0; (a) age <15 (b) age >14.9 
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3. RESULTS 
 
Table 2 describes the sample. It shows the 
means, standard deviations, minimum and 
maximum of age, body weight, height, and %BF 
as measured by the equations Slaughter et al.  
(Eq. 1), Durnin and Rahaman (Eq. 2), Boileau, 
Lohman and Slaughter (Eq. 3), Parizkova (Eq. 
4), Deurenberg, Weststrate and Seidell (Eq. 5) 
and DXA. The sample was homogeneous for all 
variables. 
 
The values for the validity of the equations to 
estimate body fat with reference to DXA are 
shown in Table 3. Significant correlations were 
observed for all equations, however, it was noted 
that the use of skinfold techniques tend to 
underestimate the value obtained in DXA in all 
situations, except for %BFEq. 4 - male.  
 
Figs. 1, 2, 3, 4 and 5 illustrate the agreement 
analysis of Bland-Altman between the 

mathematical models and the DXA technique. 
Significant bias was found in all models (p<0.05). 
 
Table 4 shows the values of sensitivity and 
specificity of the equations in the classification of 
normality and overweight in adolescents. Notice 
that the equations present a high degree of 
specificity in both genders and low values of 
sensitivity. All of the equations were effective at 
determining if a person was not obese, but all 
were poor at identifying if both males and 
females were obese. 
 

4. DISCUSSION 
 
Body composition reflects nutritional status and 
may assist patients in numerous clinical 
conditions [20]. Around 50% of body mass and 
20%-25% of height are acquired during 
adolescence, therefore monitoring growth and 
development are important so that health 
professionals can guide people in health-related 
actions [21].   
  

Table 2. Descriptive characteristics of the sample according to age, body weight,  
height and %BF 

 
Variables Male Female 

Mean Minimum Maximum Mean Minimum Maximum 
N                              199                         73 
Age (years) 15.1 ± 1.5 12 17 14.8 ± 1.7 12 17 
Weight (kg) 61.8 ± 11.3 30.5 104.6 56.1 ± 11.0 33.0 83.5 
Height (m) 1.70 ± 0.1 1.35 1.89 1.60 ± 0.1 1.43 1.75 
%BF Eq.1 15.8 ± 7.7 7.1 58.6 25.8 ± 7.5 14.2 46.8 
%BF Eq.2 19.2 ± 5.6 10.5 37.4 29.2 ± 4.8 20.2 39.5 
%BF Eq.3 17.4 ± 6.4 8.0 33.5 27.0 ± 6.0 15.1 35.6 
%BF Eq.4 21.1 ± 6.4 10.5 41.5 30.9 ± 5.5 20.4 42.1 
%BF Eq.5 16.8 ± 4.9 6.4 32.8 24.7 ± 5.8 15.0 49.1 
%BF DXA 20.3 ± 5.4 14.4 38.0 32.2 ± 5.1 19.1 44.4 

 
Table 3. Validity of mathematical models for estimating body fat compared with DXA 

 
Equation Mean r t CE TE SEE 

Male 
%BF Eq.1 15.8 ± 7.7 0.87* 15.72* 4.46 5.99 3.82 
%BF Eq.2 19.2 ± 5.6 0.83* 4.72* 1.07 3.38 3.15 
%BF Eq.3 17.4 ± 6.4 0.80* 10.65* 2.90 4.81 3.85 
%BF Eq.4 21.1 ± 6.4 0.84* -3.24* -0.79 3.54 3.47 
%BF Eq.5 16.8 ± 4.9 0.60* 10.65* 3.48 5.77 3.91 
%BF DXA 20.3 ± 5.4           

Female 
%BF Eq.1 25.8 ± 7.5 0.81* 12.10* 6.42 7.85 4.42 
%BF Eq.2 29.2 ± 4.8 0.80* 8.07* 2.99 4.34 2.86 
%BF Eq.3 27.0 ± 6.0 0.82* 12.95* 5.18 6.24 3.43 
%BF Eq.4 30.9 ± 5.5 0.81* 3.43* 1.30 3.52 3.23 
%BF Eq.5 24.7 ± 5.8 0.63* 13.60* 7.60 8.91 4.51 
%BF DXA 32.2 ± 5.1           

(r) Coefficient correlation; (t) t-test paired; (CE) Constant error; (TE) Total error; (SEE) Standard error of estimate;  
* p < 0.05 



Fig. 1. A) Bland-Altman analysis of agreement %BF 
Limit of Agreement; (LLA) Lower Limit of Agreement;

Fig. 2. C) Bland-Altman analysis of agreement %BF 
Limit of Agreement;

 

Fig. 3. E) Bland-Altman analysis of agreement %BF 
Limit of Agreement; (LLA) Lower Limit of Agreement
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Altman analysis of agreement %BF DXA - %BF Eq.1 Male. B) Female. (ULA) Upper 

Limit of Agreement; (LLA) Lower Limit of Agreement; 
*P < 0.05 

 

 
Altman analysis of agreement %BF DXA - %BF Eq.2 Male. D) Female. (ULA) Upper 

Limit of Agreement; (LLA) Lower Limit of Agreement 
*P < 0.05 

 
Altman analysis of agreement %BF DXA - %BF Eq.3 Male. F) Female. (ULA) Upper 

Limit of Agreement; (LLA) Lower Limit of Agreement 
*P < 0.05 
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Male. B) Female. (ULA) Upper 

 

Male. D) Female. (ULA) Upper 

 

Male. F) Female. (ULA) Upper 



Fig. 4. G) Bland-Altman analysis of agreement %BF 
Limit of Agreement;

 

Fig. 5. I) Bland-Altman analysis of agreement %BF 
Limit of Agreement; (LLA) Lower Limit of Agreement

 
Table 4. Sensibility and specificity for 

equations in male and female
 
Equation    Sensitivity /Specifity

Male Female
Eq. 1 62.9% / 99.4% 38.5% / 
Eq. 2 70.4% / 95.9% 55.8% / 95.2%
Eq. 3 67.0% / 96.0% 48.1% / 95.2%
Eq. 4 77.7% / 88.9% 69.2% / 95.2%
Eq. 5 37.3% / 98.8% 21.2% / 100%

 
The results indicate that there are strong 
statistically significant correlations between the 
body fat equations and DXA for both genders, 
but when comparing the standard deviations and 
the averages, they show that these equations 
have a tendency to underestimate %BF related 
to those produced by DXA (Table 2), except for 
%BFEq.4 male. These findings are sim
are reported in the literature [22-24].

Ripka et al.; BJMMR, 18(10): 1-9, 2016; Article no.

 
6 
 

 
Altman analysis of agreement %BF DXA - %BF Eq.4 Male. H) Female. (ULA) Upper 

Limit of Agreement; (LLA) Lower Limit of Agreement 
*P < 0.05 

Altman analysis of agreement %BF DXA - %BF Eq.5 Male. J) Female. (ULA) Upper 
Limit of Agreement; (LLA) Lower Limit of Agreement 

*P < 0.05 

Table 4. Sensibility and specificity for 
equations in male and female 

Specifity 
Female 
38.5% / 100% 
55.8% / 95.2% 
48.1% / 95.2% 
69.2% / 95.2% 
21.2% / 100% 

The results indicate that there are strong 
statistically significant correlations between the 

equations and DXA for both genders, 
but when comparing the standard deviations and 
the averages, they show that these equations 
have a tendency to underestimate %BF related 
to those produced by DXA (Table 2), except for 

male. These findings are similar results 
24]. 

As stated previously, the Slaughter et al. 
equation is most commonly used [22]. In the 
present study Slaughter et al. equation was also 
the one that showed the strongest correlation 
with DXA for males, however it presented lowest 
Bland-Altman agreement to this gender.
 
According to the literature, values below 3.5 for 
TE and SEE are acceptable. The only equation 
to reach this criteria was the %BF
(Table 3). As for the SEE, %BFEq.2

and was value above 3.5 in both genders and 
%BFEq.3 for females. Cunha [25] found %BF
3.2 and 2.7 for males and females respectively.
 
Disagreements in %BF have been investigated 
by Bland-Altman [8,22,26]. Among both genders, 
there is better agreement for estimation of body 
fat in male for %BFEq.4 (0.8 / 1.3) and %BF
(1.1 / 3.0). The results that are closer to those 
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Male. H) Female. (ULA) Upper 

 
J) Female. (ULA) Upper 

As stated previously, the Slaughter et al. 
equation is most commonly used [22]. In the 
present study Slaughter et al. equation was also 
the one that showed the strongest correlation 

however it presented lowest 
Altman agreement to this gender. 

According to the literature, values below 3.5 for 
TE and SEE are acceptable. The only equation 
to reach this criteria was the %BFEq.2 in males 

Eq.2 and %BFEq.4 
and was value above 3.5 in both genders and 

found %BFEq.1 of 
3.2 and 2.7 for males and females respectively. 

Disagreements in %BF have been investigated 
Altman [8,22,26]. Among both genders, 

reement for estimation of body 
(0.8 / 1.3) and %BFEq.2 

(1.1 / 3.0). The results that are closer to those 
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found using %BFDXA can be explained by the 
lower %BF in males, who have smaller skinfold 
thickness that are more easily measured [27]. 
 
The skinfold technique is a low-cost, 
noninvasive, easy to use and affordable way to 
evaluate the body fat of large groups [28]. That 
method requires only limited training and can be 
used, for example, for the detection of 
cardiovascular risk [29], but the inappropriate 
choice of the equations for %BF prediction can 
result in unreliable conclusions [8,22,27,28].  
 
However, it was noted that, despite being an 
appropriate choice for adolescents, the results do 
not meet scientific standards. Whether the 
morphological changes that have affected the 
global population of adolescents is the main 
factor for the test t failures of these equations is 
not known [30]. 
 
Sensitivity and specificity were calculated to 
assess the degree of efficiency of five equations. 
The sensitivity was best in %BFEq.4 followed by 
%BFEq.2 for males and females. However neither 
produced good or excellent discrimination.   
 
The high specificity and low sensitivity shown in 
Table 4 indicate that the equations are weak 
instruments for evaluation of overweight and 
obesity in adolescents. 
 
The strong points in our study include the 
representative adolescent sample and use of 
DXA as the reference method of body 
composition assessment. The limitations mainly 
refer the low number of specific equations for the 
age group from 12 to 17.9 years old (confirming 
the difficulty of assessing the percentage of fat in 
this age group) and not considering the sexual 
maturity of the adolescents. 
 
5. CONCLUSION 
 
In conclusion, none of predictive mathematical 
models of body composition available in the 
literature obtained satisfactory results when 
compared to DXA. The percentage of fat was 
underestimated in all cases except for males in 
Eq. 4. 
 
It was noticed that, although presenting strong 
correlations, anthropometric equations have not 
achieved strong agreement with DXA 
methodology, as seen in the Bland-Altman 
analysis. These results point to the need to 
create new equations, corrections of existing 

ones, as well as more studies comparing doubly 
indirect methods with more efficient technologies 
such as DXA.  
 
As can be seen in the sensitivity and sensibility 
analysis, the equations of Parizkova and Durnin 
and Rahaman present acceptable levels in the 
detection of overweight and obesity in 
adolescents. In Brazil, approximately 70% of the 
population use the public health system, 
therefore, equations available to healthcare 
professionals with results that are close to reality 
in terms of body fat are fundamental to early 
diagnose obesity. Thus, the results support the 
need to create new equations for estimating body 
composition in adolescents. 
 
CONSENT 
 
All authors declare that ‘written informed consent 
was obtained from the patient for publication of 
this paper and accompanying images’.  
 
ETHICAL APPROVAL 
 
All authors hereby declare that all experiments 
have been examined and approved by the 
appropriate ethics committee and have therefore 
been performed in accordance with the ethical 
standards laid down in the 1964 Declaration of 
Helsinki. This research was submitted to the 
Ethics Committee of the Federal University of 
Technology - Paraná and has been approved 
under the number 11583113.7.0000.5547. 
 
ACKNOWLEDGEMENTS 
 
Authors thank to Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES), National Counsel of Technological and 
Scientific Development (CNPq), Fundação 
Araucária, and Laboratório Bioquímico e 
Densitométrico (LABDEN), and Federal 
University of Technology - Paraná (UTFPR) for 
financial support. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Goldfield GS, Saunders TJ, Kenny GP, 

Hadjiyannakis S, Phillips P, Alberga AS,        
et al. Screen viewing and diabetes risk 



 
 
 
 

Ripka et al.; BJMMR, 18(10): 1-9, 2016; Article no.BJMMR.30131 
 
 

 
8 
 

factors in overweight and obese 
adolescents. American Journal of 
Preventive Medicine. 2013;44(4):S364-
S70. 

2. Reilly J, Kelly J. Long-term impact of 
overweight and obesity in childhood and 
adolescence on morbidity and premature 
mortality in adulthood: systematic review. 
International Journal of Obesity. 2010; 
35(7):891-8. 

3. Ulbricht L, Neves EB, Ripka W, Romaneli 
EFR. Comparison between body fat 
measurements obtained by portable 
ultrasound and caliper in young adults. In: 
IEEE, editor. 34th Annual International 
Conference of the IEEE EMBS; San Diego: 
IEEE. 2012;1952-5. 

4. Schwandt P, von Eckardstein A, Haas G-
M. Percentiles of percentage body fat in 
german children and adolescents: An 
international comparison. International 
Journal of Preventive Medicine. 2012; 
3(12):846. 

5. de Mello M, Damaso A, Antunes H, 
Siqueira K, Castro M, Bertolino S, et al. 
Body composition evaluation in obese 
adolescents: The use of two different 
methods. Rev Bras Med Epsorte. 2005; 
11(5):251e-4e. 

6. Toombs RJ, Ducher G, Shepherd JA, 
Souza MJ. The impact of recent 
technological advances on the trueness 
and precision of DXA to assess body 
composition. Obesity. 2012;20(1):30-9. 

7. Eisenmann JC, Heelan KA, Welk GJ. 
Assessing body composition among 3‐to 
8‐year‐old children: Anthropometry, BIA, 
and DXA. Obesity Research. 2012;12(10): 
1633-40. 

8. Moreira PVS, Silva AM, Crozara LF, 
Veloso AP, Vieira F. Analysis of predictive 
equations of body fat in young taekwondo 
athletes. Revista Brasileira de Educação 
Física e Esporte. 2012;26(3):391-9. 
Portuguese. 

9. Buonani C, Fernandes RA, Bueno DR, 
Bastos KN, Segatto AFM, Silveira LS,          
et al. Performance of different 
anthropometric equations that predict 
excess body fat in children and 
adolescents. Revista de Nutrição. 2011; 
24(1):41-50. 

10. Freedman DS, Ogden CL, Blanck HM, 
Borrud LG, Dietz WH. The abilities of body 
mass index and skinfold thicknesses to 
identify children with low or elevated levels 
of dual-energy X-ray absorptiometry− 

determined body fatness. The Journal of 
Pediatrics. 2013;163(1):160-66. 

11. Slaughter MH, Lohman T, Boileau RA, 
Horswill C, Stillman R, Van Loan M, et al. 
Skinfold equations for estimation of body 
fatness in children and youth. Human 
Biology. 1988;60(5):709-23. 

12. Durnin J, Rahaman M. The assessment of 
the amount of fat in the human body from 
measurements of skinfold thickness. 
British Journal of Nutrition. 1967;21(03): 
681-9. 

13. Boileau R, Lohman T, Slaughter M. 
Exercise and body composition of children 
and youth. Scand J Sports Sci. 1985;7(1): 
17-27. 

14. Parizkova J. Total body fat and skinfold 
thickness in children. Metabolism: Clinical 
and Experimental. 1961;10:794. 

15. Deurenberg P, Weststrate JA, Seidell JC. 
Body mass index as a measure of body 
fatness: Age-and sex-specific prediction 
formulas. British Journal of Nutrition. 
1991;65(02):105-14. 

16. Siri WE. Body composition from fluid 
spaces and density: Analysis of      
methods. Techniques for Measuring Body 
Composition. 1961:223-44. 

17. Lohman TG. Advances in body 
composition assessment. Medicine & 
Science in Sports & Exercise. 1993;25(6): 
762. 

18. Bland JM, Altman DG. Statistical methods 
for assessing agreement between two 
methods of clinical measurement. The 
Lancet. 1986;327(8476):307-10. 

19. Williams DP, Going S, Lohman T, Harsha 
D, Srinivasan S, Webber L, et al. Body 
fatness and risk for elevated blood 
pressure, total cholesterol, and serum 
lipoprotein ratios in children and 
adolescents. American Journal of Public 
Health. 1992;82(3):358-63. 

20. Thibault R, Genton L, Pichard C. Body 
composition: why, when and for who? 
Clinical Nutrition. 2012;31(4):435-47. 

21. Sigulem DM, Devincenzi MU, Lessa AC. 
Diagnóstico do estado nutricional da 
criança e do adolescente. J Pediatr (Rio J). 
2000;76(Suppl 3):s275-s84. Portuguese. 

22. Rodriguez G, Moreno L, Blay M, Blay V, 
Fleta J, Sarria A, et al. Body fat 
measurement in adolescents: Comparison 
of skinfold thickness equations with dual-
energy X-ray absorptiometry. European 
Journal of Clinical Nutrition. 2005;59(10): 
1158-66. 



 
 
 
 

Ripka et al.; BJMMR, 18(10): 1-9, 2016; Article no.BJMMR.30131 
 
 

 
9 
 

23. Parker L, Reilly JJ, Slater C, Wells JC, 
Pitsiladis Y. Validity of six field and 
laboratory methods for measurement of 
body composition in boys. Obesity 
Research. 2003;11(7):852-8. 

24. Hussain Z, Jafar T, Uz Zaman M, Parveen 
R, Saeed F. Correlations of skin fold 
thickness and validation of prediction 
equations using DEXA as the gold 
standard for estimation of body fat 
composition in Pakistani children. BMJ 
Open. 2014;4(4):e004194. 

25. Cunha SIdOA. Avaliação da percentagem 
de massa gorda numa população 
pediátrica: Comparação entre os       
métodos DXA e antropometria. Funchal: 
Universidade da Madeira; 2008. 
Portuguese. 

26. Silva DR, Ribeiro AS, Pavão FH, Ronque 
ER, Avelar A, Silva AM, et al. Validade dos 
métodos para avaliação da gordura 
corporal em crianças e adolescentes por 
meio de modelos multicompartimentais: 
uma revisão sistemática. Revista da 
Associação Médica Brasileira. 2013;59(5): 
475-86. Portuguese. 

27. Amaral TF, Teresa Restivo M, Guerra RS, 
Marques E, Chousal MF, Mota J. Accuracy 
of a digital skinfold system for measuring 
skinfold thickness and estimating body fat. 
British Journal of Nutrition. 2011;105(3): 
478. 

28. Addo OY, Himes JH. Reference curves        
for triceps and subscapular skinfold 
thicknesses in US children and 
adolescents. The American Journal of 
Clinical Nutrition. 2010;91(3):635-42. 

29. Hariri AA, Oliver NS, Johnston DG, 
Stevenson JC, Godsland IF. Adiposity 
Measurements by BMI, Skinfolds and dual 
energy X-Ray Absorptiometry in relation to 
risk markers for cardiovascular disease 
and diabetes in adult males. Disease 
Markers. 2013;35(6):753-64. 

30. Tenório M, Barros Md, Tassitano R, 
Bezerra J, Tenório J, Hallal P. Atividade 
física e comportamento sedentário em 
adolescentes estudantes do ensino médio. 
Rev Bras Epidemiol. 2010;13(1):105-17. 
Portuguese. 

_________________________________________________________________________________ 
© 2016 Ripka et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/16895 


