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Abstract
Background  The pediatric relative fat mass (RFM) has been recently presented and validated as an index for estimating 
percentage body fat (%BF) in North American children and adolescents. Similar to body mass index (BMI) and tri-ponderal 
mass index (TMI), RFM uses anthropometric measures (i.e., weight, height and waist circumference) to estimate body 
composition. The primary purpose of this study was to validate the newly developed RFM equation for %BF prediction in 
Southern Brazilian adolescents; as secondary objective, we compared %BF estimation from BMI- and TMI-derived equations.
Methods  A total of 631 individuals (434 boys) aged 11 to 18 were analyzed. Bland–Altman analyses were used to determine 
concordance between predicted equations and %BF measured by DXA; results are presented using mean difference (i.e., 
bias) and standard deviation. Sensitivity and specificity were calculated for %BF percentile classifications.
Results  RFM underestimated %BF in 65.2% of boys (− 4.3 ± 2.8%) and 84.8% of girls (− 5.3 ± 2.7%). In contrast, TMI 
overestimated %BF in 62.9% of boys (4.0 ± 2.9%) and 56.3% (3.5 ± 3.0%) of girls. The performance of BMI showed mixed 
results; %BF was overestimated in 68.4% of boys (5.0 ± 4.0%) and underestimated in 67.5% of girls (− 3.9 ± 2.6%), all 
p < 0.001. Although, RFM had the highest specificity for %BF percentile classifications, sensitivity was low and inferior to 
BMI and TMI.
Conclusion  TMI was superior to RFM and BMI in predicting %BF in Southern Brazilian adolescents. Using RFM, BMI or 
TMI equations for %BF prediction without a population-specific correction factor may lead to incorrect interpretations. We 
suggest that correction factors should be investigated to improve the accuracy of these surrogate indices for body composi-
tion assessment.
Level of evidence  Level V, cross sectional descriptive study.
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Introduction

Adolescent obesity is considered a major public health threat 
as its prevalence continues to increase in many regions [1]. 
Overweight and obesity, or excess fat mass (FM), are often 
associated with adverse health outcomes among adolescents, 
including cardiometabolic and endocrinological disorders 
[2]. Thus, detecting excess FM by accurate and reliable tech-
niques has the potential to inform more effective prevention 
and treatment strategies earlier in life, which may reduce the 
burden of obesity during adulthood.

Body mass index (BMI) is widely used as a surrogate 
measure of obesity. However, a well-known limitation of 
BMI is that it does not distinguish between FM and lean 
mass [3]. Indeed, BMI has been shown to be a poor predic-
tor of percentage body fat (%BF) in children and adolescents 
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[4]. To overcome these limitations and estimate %BF lev-
els accurately, several equations based on anthropometric 
measures have been proposed. In 2017, Peterson et al. [5] 
presented the tri-ponderal mass index (TMI) using weight 
and height quadratic regression relations. More recently, 
the relative FM (RFM) equation based on height to waist 
circumference was validated in adults [6] and in a pediatric 
group of North Americans [7]. Compared to BMI and TMI, 
the linear model of the RFM was found to be more accurate 
to predict %BF in younger populations, suggesting its appli-
cability in both clinical and epidemiological settings [7].

As such, given its simplicity and promising results, RFM 
may be used in adults as an alternative to estimate %BF 
when body composition techniques are not available [8]. 
Thus, the primary purpose of this study was to evaluate the 
validity of the newly RFM equation for %BF prediction in 
Southern Brazilian adolescents; as secondary objective, 
we compared %BF estimation from BMI and TMI derived 
equations.

Methods

Participants

This study included data from a cross-sectional survey 
assessing body composition in 11 to 18-year-old partici-
pants. The survey was conducted between 2014 and 2016 in 
Curitiba and surrounding cities in Brazil, with a sampling 
error of 4.5% for a confidence level of 91%. The sample 
consisted of adolescents who were not on calcium medi-
cation, did not undergo radiography/computed tomography 
in the 7 days prior to the evaluation and did not suspect 
pregnancy (self-reported) [9]. The study was conducted at 
Universidade Tecnológica Federal do Paraná, after parents 
signed a consent form. The study protocol was approved 

by the Plataforma Brasil system (protocol number: 
11583113.7.0000.5547).

Anthropometric and body composition assessment

Standardized procedures to obtain anthropometric data 
were followed. Height was measured to the nearest 0.1 cm 
using a portable stadiometer with participants standing in 
bare feet. Body mass was assessed using a mechanical scale 
(Filizola, São Paulo, Brazil) with participants wearing light 
clothing. Waist circumference was measured at the smallest 
circumference of the abdomen with a flexible and inelastic 
tape. Body mass index was calculated as body weight (in 
kg) divided by squared height (in meters). To estimate %BF, 
anthropometric data were used in age-specific RFM equa-
tions and BMI- and TMI-derived equations, as proposed by 
Woolcott and Bergman [7] (Table 1).

Percentage body fat was measured using a DXA Hologic 
Discovery A fan-beam scan type (Hologic, Inc., Bedford, 
MA, USA), software version 13.3.0.1. The equipment was 
calibrated daily and all scans were performed by a single 
technician.

We used the classification proposed by Ogden et  al. 
to identify participants with excess FM as those with 
%BF ≥ 85th percentile [10]. Additionally, the 25th, 50th, 
75th, 85th and 95th percentiles established in the National 
Health Statistics Reports were employed as the reference 
data to evaluate the accuracy of each method to further clas-
sify adolescents into their correct %BF percentiles.

Data analysis

The study sample was characterized with position (median) 
and dispersion (interquartile range) measurements, as well 
as frequency distribution (%). Analyses were stratified by 
sex and age groups (11–14 and 15–18 years old), as the 

Table 1   Anthropometric 
equations for the fat mass 
percentage prediction among 
children and adolescents

For equations, height and waist are in centimeters and weight in kilograms
RFM relative fat mass, TMI tri-ponderal mass index, BMI body mass index
*Fat percentage equation derived from a NHANES study [7]

Method Sex Age Equation to fat mass percentage estimation

RFM Boys and girls 11–14 74 – (22 × (height/waist)) + (5 × sex)
Boys and girls 15–18 64 − (20 × height/waist) + (12 × sex)

BMI* Boys 11–14 − 7.761 – (0.020 × (weight/height²)²) + (2.156 × (weight/height²))
15–18 − 13.43 – (0.013 × (weight/height²)²) + (1.815 × (weight/height²))

Girls 11–14 − 2.829 – (0.023 × (weight/height²)²) + (2.184 × (weight/height²))
15–18 − 7.082 – (0.023 × (weight/height²)²) + (1.815 × (weight/height²))

TMI* Boys 11–14 − 20.062 – (0.071 × (weight/height³)²) + (4.516 × (weight/height³))
15–18 − 12.747 – (0.037 × (weight/height³)²) + (3.107 × (weight/height³))

Girls 11–14 − 12.376 – (0.075 × (weight/height³)²) + (4.305 × (weight/height³))
15–18 − 5.636 – (0.058 × (weight/height³)²) + (3.601 × (weight/height³))
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RFM equations proposed by Woolcott and Bergman are age 
specific [7]. Data distribution was verified by Kolmogo-
rov–Smirnov test. To investigate the correlation between pre-
dicted %BF by TMI, BMI and RFM with DXA, we applied 
the nonparametric Spearman test. Bland–Altman graphical 
analyses were used to determined concordance between pre-
dicted equations and %BF measured by DXA. Differences 
between age groups were analyzed using Mann–Whitney U 
test. The Kappa coefficient was calculated to evaluate agree-
ment between methods following the methodology proposed 
by Field [11]. In addition, sensitivity and specificity were 
calculated for %BF percentile classifications. To perform 
the analysis, we used the Statistical Package for the Social 
Sciences (SPSS), version 21.0 (SPSS Inc. Chicago, IL). The 
value of p < 0.05 was adopted as statistical significance.

Results

The study sample included 434 boys (68.7%) and 197 
girls. Body weight, lean mass and height were higher in 
adolescents aged 15–18 years than in adolescents aged 
11–14 years, independent of sex (all p = 0.001), (Table 2). 
In boys, %BF was lower in older participants compared to 
younger (p = 0.001). Although girls aged 15–18 years had 
higher FM (in kg) than 11–14 years girls (p = 0.001), no dif-
ferences were observed in %BF (p = 0.152)”.

In boys, association analysis showed that measured %BF, 
evaluated by DXA, was moderately correlated with RFM 
in ages 11–14 years and 15–18 years (r = 0.745; r = 0.638, 
respectively). For TMI, correlation coefficients were 0.661 
(11–14 years) and 0.627 (15–18 years). The values for BMI 
were: 11–14 years, r = 0.529 and 15–18 years, r = 0.651. 
In girls, RFM was moderately associated with %BF 

(11–14 years: r = 0.734; 15–18 years: r = 0.754) as well as 
TMI (11–14 years: r = 0.700; 15–18 years: r = 0.737) and 
BMI (11–14 years: 0.714; 15–18 years: r = 0.767). All cor-
relations were significant, with a p value < 0.001.

The agreement between estimated %BF by anthropo-
metric equations (i.e., RFM, BMI, and TMI) and DXA 
(reference standard) was assessed using Bland–Altman 
plots (Figs. 1,2,3). RFM underestimated %BF in 65.2% of 
boys (mean difference ± SD = − 4.3 ± 2.8%) and 84.8% of 
girls (− 5.3 ± 2.7%). In contrast, TMI overestimated %BF 
in 62.9% (4.0 ± 2.9%) and 56.3% (3.5 ± 3.0%) in boys 
and girls. For BMI, %BF was overestimated in 68.4% of 
boys (5.0 ± 4.0%) and underestimated in 67.5% of girls 
(− 3.9 ± 2.6%).

The average values of %BF for RFM, TMI and BMI 
are presented in Fig. 4a, according to sex and age groups. 
Additionally, results from paired analyses revealed that bias 
between index tests and DXA were different for RFM and 
BMI (independent of sex) and TMI only in boys (p = 0.005; 
TMI in girls: p = 0.075) (Fig. 4b). Bias across age groups are 
reported in Fig. 4b, demonstrating that TMI showed better 
agreement in both sexes.

Furthermore, RFM correctly categorized 54.1% of boys 
and 51.8% of girls into their respective %BF percentiles as 
assessed by DXA. For TMI, the percentage of correct clas-
sification was 55.1% for boys and 65.0% for girls. For BMI, 
the result was 53.7% for boys and 68.0% for girls, Supple-
mentary Table 1.

RFM showed high specificity but low sensitivity to diag-
nose excess %BF in both boys and girls, Supplementary 
Table 2. Although specificity was slightly lower for BMI 
and for TMI compared to RFM, the sensitivity to identify 
excess %BF was higher in both methods. A concordance 
analysis was also performed using Kappa coefficients. The 

Table 2   Anthropometric 
characteristics of the study 
participants by sex and age 
groups

Values are presented as median and interquartile range
*Difference between age groups (p < 0.05)

Boys Girls

11 to 14 years 15 to 18 years 11 to 14 years 15 to 18 years

N 188 246 88 109
Age (month) 167.0 (17)* 198.0 (18) 153.0 (21)* 200.0 (15)
Weight (kg) 53.9 (18.1)* 64.3 (12.9) 51.7 (14.8)* 58.7 (14.7)
Height (cm) 163.0 (14.0)* 173.0 (8.0) 156.0 (11.)* 161.0 (9.0)
BMI (kg/m²) 20.2 (4.4)* 21.4 (3.2) 20.9 (5.6)* 22.2 (5.3)
Waist circumference (cm) 68.8 (9.5)* 72.0 (7.0) 68.0 (11.3) 69.7 (9.3)
Fat mass—FM (%) 21.0 (8.4)* 17.6 (4.0) 32.1 (7.7) 34.2 (7.0)
Fat mass—FM (kg) 11.3 (5.8) 11.3 (4.0) 17.0 (9.5)* 19.7 (8.8)
Lean mass (kg) 41.2 (14.5)* 50.1 (9.4) 33.8 (6.9)* 36.5 (7.9)
RFM (FM%) 21.2 (4.4)* 16.1 (4.9) 28.2 (7.6)* 30.0 (5.8)
TMI (FM%) 24.9 (7.0)* 19.9 (4.5) 32.0 (7.0)* 33.0 (6.9)
BMI (FM%) 27.6 (6.1)* 19.4 (4.0) 29.0 (6.6)* 32.7 (6.8)
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Kappa analysis showed moderate agreement with TMI 
(boys: 0.608 and girls: 0.507); the agreement between the 
%BF obtained with BMI was considered fair (boys = 0.448 
and for girls = 0.507). For RFM, the agreement was moder-
ate for boys (0.372) and fair for girls (0.117).

Discussion

We evaluated the performance of RFM, BMI and TMI to 
estimate %BF in Southern Brazilian adolescents. This study 
is the first to investigate the validity of these indices in a 
South America population. Compared to Woolcott and Berg-
man’s findings, who initially proposed the RFM-, BMI- and 
TMI-derived equations, the linear relationship between RFM 
and %BF by DXA for boys and girls was relatively weaker 

in our study [7]. Bland–Altman analysis revealed that RFM 
underestimated %BF, with exception for 14-year-old boys. In 
contrast, TMI overestimated %BF in boys and bias was close 
to zero in girls. The performance of BMI showed mixed 
results, overestimating %BF among boys and underestimat-
ing in girls.

The poor agreement between %BF estimated (by RFM) 
versus measured (by DXA) may be a result of anthropo-
metric differences in the sample population from Woolcott 
and Bergman compared to our adolescents, as waist and 
height were components of the RFM equation. Although 
%BF in girls was similar across studies, adolescents in our 
study had relatively smaller waist circumferences. For exam-
ple, the mean difference for waist circumference between 
studies was greater than 10 cm in the 15–19-year group 
[7]. Similarly, boys had smaller waist circumferences and 

Fig. 1   Bland–Altman plots between body fat percentage measured with dual energy X-rays absorptiometry (DXA) and by relative fat mass 
(RFM) among boys and girls and by ages. LLA and ULA indicate the lower and upper limit agreement, respectively
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whole-body %BF. Another important difference is in height; 
our sample of younger adolescents was taller (~ 10 cm for 
girls and ~ 20 cm for boys) than in Woolcott and Bergman. 
However, older adolescent boys were shorter and girls had a 
similar height. Future studies creating correction factors for 
RFM linear equations are needed to improve the accuracy 
of this surrogate measure for %BF estimation in Brazilian 
adolescents. Given its simplicity, the RFM equation may be 
a promising tool for assessing body composition in clinical 
and research settings.

TMI was developed as an alternative and more supe-
rior method to BMI for predicting %BF [5]. Research has 
suggested that TMI is also useful in screening for risk of 
abdominal fat accumulation in children (2–5 years) [12]. 
Our findings indicated that the TMI equation for %BF pre-
diction is more accurate than RFM among Brazilian boys 
and girls. Similarly, Woolcoot and Bergman reported that 

TMI was more accurate than RFM in European-American 
girls (15–19 years of age) and equally high accurate among 
Mexican–American girls [7]. The better performance of TMI 
may be explained by the removal of waist circumference 
measurement from the equation, a variable with greater dif-
ference between studied populations. Finally, a recent cross-
sectional study with 296 participants suggested the use of 
TMI as an index to discriminate metabolic disorders in Bra-
zilian children and adolescents [13].

Body mass index showed improved sensitivity 
(46.7%) compared to RFM (6.7%) among girls and boys 
(BMI = 41.2% / RFM = 23.5%) to distinguish adolescents 
with high FM. In Brazil, national-wide reference values 
for %BF using reliable and validated tools, such as DXA, 
are not available. Thus, employing the %BF classification 
proposed by National Health Statistics Reports [14], which 
was based on a foreign population, may partly explain the 

Fig. 2   Bland–Altman plots between body fat percentage measured with dual energy X-rays absorptiometry (DXA) and by tri-ponderal mass 
index (TMI) among boys and girls and by ages. LLA and ULA indicate the lower and upper limit agreement, respectively



884	 Eating and Weight Disorders - Studies on Anorexia, Bulimia and Obesity (2021) 26:879–886

1 3

differences in the ability of the methods to correctly diag-
nose the high FM phenotype. Despite this, it is noteworthy 
that both males and females in our study had lower waist 
circumference, weight, height and lean mass in early ages 
(11–14 years). These anthropometric findings are similar 
to the literature, confirming age-dependent variation in 
anthropometric measurements during adolescence [7, 14]. 
Furthermore, the greater lean mass values observed in our 
sample of older adolescents are also in agreement with the 
literature, and it could be explained by hormone influences 
during sexual maturation [15, 16].

Some limitations should be considered in this study. 
First, DXA was used as a reference method which could 
have underestimated %BF compared to a multi-compartment 
method in children with overweight/obesity specifically 
[17]. However, the %BF classification proposed by Ogden 
et al. was computed using DXA, and this body composition 

technique has several advantages over other techniques (e.g., 
minimal radiation exposure, rapid body scan, and high preci-
sion) [18]. Second, the sample size was modest given that 
Brazil is a continental size country. On the other hand, the 
same methodology can be used in different regions to verify 
if our findings could be applicable. Last, the lack of sexual 
maturation data limited interpretation on the accuracy of 
index tests across adolescents’ developmental stages.

In summary, TMI was superior to RFM and BMI in pre-
dicting %BF in Southern Brazilian adolescents. Neverthe-
less, using RFM, BMI or TMI equations for %BF prediction 
without a correction factor that is specific to the population 
being assessed may lead to incorrect interpretations. Cor-
rection factors should therefore be investigated to improve 
the accuracy of these surrogate indices as they provide addi-
tional information of body composition compared to BMI. 
Finally, direct estimation of fat percentage from simple 

Fig. 3   Bland–Altman plots between body fat percentage measured with dual energy X-rays absorptiometry (DXA) and by body mass index 
(BMI) among boys and girls and by ages. LLA and ULA indicate the lower and upper limit agreement, respectively
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anthropometric values may represent an advance in clinical 
practice or epidemiological studies of body composition in 
locates where no technology is available.

What is already known on this subject?

When access to body composition assessment is unavailable, 
predictive equations using anthropometric measures may 
serve as surrogates for fat mass. For example, the relative fat 
mass (RFM) has been shown useful to estimate whole-body 
fat percentage and diagnose body fat-defined overweight or 
obesity.

What does this study add?

This work is the first study that evaluates the validity and 
accuracy of a newly developed equation, RFM. The study 
is contributing to the field by cross validating these newly 
developed equations in a Brazilian cohort of adolescents and 
emphasizing that caution is needed when choosing equations 
to be used in clinical and research settings.
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