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ABSTRACT

Background: The body mass index parameter is currently used to determine obesity (excess body fat) in children. Using this measure
has limitations in predicting body fat, particularly in adolescents. An alternative parameter to predict body fat is the triponderal
mass index (TMI). Objective: The study aims to investigate the different patterns between body mass index and triponderal
mass index in children and to determine the correlation of body mass index (BMI) or TMI as a predictor of body fat. Methods:
This was a cross-sectional study of 351 subjects aged 6-18 years in Surakarta (241 females; 110 males). All subjects underwent
anthropometric measurements (height and weight) and body fat percentage measurements. We used equations for predicting the
percent body fat in boys and girls based on their TMI and BMI. Results: TMI and BMI overall means were 13.3+£2.9 vs 20.2+4.7.
Among subjects less and more than 12 years, the TMI and BMI means were 13.32.1 vs 17.9+3.6. and 13.3+£3.1 vs 20.7+4.8. The
adjusted R’ of equations for predicting percent body fat based TMI and BMI were 0.76 vs 0.33 in boys and 0.89 vs 0.87 in girls).
Conclusions: TMI showed greater stability with age than BMI. TMI was a better predictor for body fat percentage than BMI for
both sexes, especially in boys. It is worth considering replacing body mass index with triponderal mass index to estimate body
fat percentage in boys.
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INTRODUCTION and dual-energy x-ray absorption, may be more accurate
Body mass index (BMI) is a simple and affordable than BMI. Although this measure can provide a better

tools of body fat percentage. The BMI is solely dependent indication of body fatness, they can be expensive,

on height and weight. Body mass index correlates with impractical, not commonly available, and difficult for

body fat, therefore, BMI i a useful measure for screening observers or machines to standardize. Waist circumference
for obesity and its health risks [1]. Although widely

used, BMI have some limitations, e.g. it may not apply

or waist-to-height ratio is another simple measure of fat
distribution [1].
equally to all genders, races, ethnicities, and ages; and its The triponderal mass index (TMI), calculated as

. . N L
limitations to predict body fat percentage in adolescent weight (kg)/height(m’), is an alternative indicator that

[2,3] has been proposed to predict body fat percentage and
Other body fat measurements, such as skinfold metabolic syndrome at least as well as or better than

thickness, bioelectrical impedance, underwater weighing, BMLI. The impact of height power on the measurement
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was lessened by the “3” indice in TMI equation compare
the “2” indice in BMI equation. Adolescent body fat
percentage is influenced by height: obese children reach
puberty earlier and hence taller than non-obese ones.
Previous study revealed four advantages when using TMI
than BMI: the stability with age, ability to estimate body
fat percentage across the whole spectrum of adiposity,
reduced the misclassification rate, and its simplicity
(without calculation of the z-score as BMI) [4]. The
prevalence of overweight and obesity in children and
adolescents aged 6-17 years was higher when identified
with BMI than with TMI. It was also noticed that
metabolic syndrome in adolescents aged 10-17 years was
better predicted by TMI than BMI (BMI z-score) [5]. A
recent research suggests that TMI appears to be stable
during adolescence. It can assess body fat percentage
more precisely than BMI, especially in children and
adolescents. It has been reported to have a better predictor
of cardiometabolic risk than BMI [6]. Our objective was
to compare the different patterns between BMI and TMI
in children and adolescent, and to find the correlation
between BMI or TMI as a predictor of body fat in children
aged 6-18 years old in Surakarta.

METHODS
Study design and participants

We pooled data from two cross-sectional studies
conducted from 2020 to 2021 on the school-age children
(aged 6-18) residing in one junior high school and several
orphanages in Surakarta. A healthy subject was included.
We excluded children with a history of chronic disease,
physical disabilities, and children did not consent to

participate in these studies. The ethics approvals were
1001/VIII/HREC/2020 and 553/V/HREC/2021 from
Health Research Ethic Committee, Moewardi Hospital
Surakarta.

Measures

All subjects underwent anthropometric
measurements (height and body weight) using a wall
stadiometer (Sature Meter 2M GEA) to the nearest 0.1
cm with the subject facing the examiner. Body weight
was measured using a digital scale (Seca Clara 803,
Germany) to the nearest 0.1 kg. Body fat percentages
were measured by Bioelectrical Impedance Body
Composition Monitor Omron HBF-212. Body mass index
was a subjects’ weight divided by the square of height
(kg/m2). Triponderal mass index was calculated as the
weight divided by the height in metres cubed (kg/m3).

Data analysis

Means, standard deviations (SD) and percentages
for descriptive data were given. We extrapolated the
formula for BMI and TMI by quadratic local polynomial
regressions analysis in STATA MP version 14.0 software.
We hypothesized that the TMI is a more precise estimate
of body fat percentage than BMI in children aged 6 to
18 years.

RESULTS

Table 1 provide a summary of the characteristics
ofthe 351 subjects who were enrolled in this study. There
were 296 subjects over the age of 12 and 55 subjects under
that age. Most of them (246 subjects), were between the

Table 1. Baseline characteristics of subjects

Girls Boys Total p-value*
(n=241) (n=110) (n=351)

Age (years, SD) 14.12 (1.52) 13.08 (2.86) 13.80 (2.09) <0.001
Age (median, IQR) 14.00 (14.00-15.00) 14.00 (11.00-15.00) 14.00 (13.00-15.00) 0.011
BMI (kg/m2, SD) 20.40 (4.85) 19.85 (4.36) 20.23 (4.71) 0.300
BMI (median, IQR) 19.3 (17.0-22.6) 19 (16.8-21.6) 19.2 (17-22.4) 0.480
TMI (kg/m3, SD) 13.37 (3.15) 13.25(2.44) 13.33 (2.94) 0.720
TMI (median, IQR) 12.57 (11.13-14.96) 12.86 (11.57-14.26) 12.67 (11.31-14.66) 0.680
Body fat percentage(%) 26.18 (7.63) 19.77 (6.54) 24.17 (7.88) <0.001

*unpaired t-test analysis; SD=standard deviation; IQR= interquartile range; BMI=body mass index; TMI=triponderal mass index
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Figure 1. Body mass index (BMI) and triponderal mass index (TMI) of subjects
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Figure 2. Body fat percentages for subjects

ages of 13 and 15. The subjects’ BMI and TMI patterns and 17.8-27.6%, respectively) (Figure 2). Figure 3 and
are displayed in Figure 1. The subjects’ BMI was between 4 describe the equations for predicting percent body fat
14-22 kg/m?, while the TMI was between 12-14 kg/m®. for boys and girls. The adjusted R? for TMI vs BMI was
The patterns of body fat percentage in boys and girls reported (R*=0.76 vs 0.33 in boys and R* = 0.89 vs 0.87
increased until ages of 11 and then decreased (16.8-27.2% in girls).
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Figure 3. BMI as predictor of body fat in girls and boys
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Figure 4. TMI as predictor of body fat in girls and boys

DISCUSSION

Our study revealed that TMI showed greater
stability across age than BMI. The TMI means were
approximately 13.0 kg/m? between subjects less and more
than 12 years, while the BMI means were 17.9 to 20.7
kg/m?. The TMI predicts body fat percentage better than
BMI for both sexes, especially in boys (the adjusted R?
of TMI and BMI were 0.76-0.89 and 0.33-0.87).

In adolescents and children, weight and height
varies with age and sex due to different pubertal stage.
As a result, the normal BMI fluctuates with age. It is
important that obesity in children is known to be a
predictor of obesity in adulthood. Although BMI has
been used as a reasonable indicator of obesity due to
its convenience of calculation and its correlation with
negative outcomes, BMI does not differentiate fat from
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muscle, bone, and other lean body mass [7]. Because of
that, it was difficult to categorize obesity based on BMI,
BMI z-score method was employed. We investigate the
possibility of a substitute index. Throughout age, TMI
was more stable than BMI.

In this study, the result showed that TMI was a
better predictor of body fat than BMI. This confirms the
observations of the previous study, compared BMI and TMI
to determine body fat percentage in adolescents. According
to their study, TMI estimated body fat percentage more
precisely than BMI in non-Hispanic white adolescents ages 8
to 17 and was more sensitive than BMI SDS for diagnosing
adolescent obesity [4]. In addition, unlike BMI, TMI did
not have to be calculated to obtain the SDS. Previous study
evaluated TMI as a predictor of percent body fat in Italian
children and adolescents. They also noticed that TMI
correlated more strongly than BMI with percent body fat and
had a higher range under the receiver’s operating curve [4].

Prediction based on previous study, metabolic
syndrome and body fat level is better predicted with TMI
than BMI. This has been confirmed by previous study that
conducted in Korean, Chinese, American and Colombian
children [7,8,9]. Study by Park et al, of the 996 subjects
classified as overweight by, 53.2% were classified as having
normal TMI. Boys tended to be misclassified more often
than girls (61.0% vs. 43.6%; P < .01, x?) [7]. In previous
study, that found difference between ethnic groups when
conducting an experiment to establish BMI specific national
parks, they found that Asian and Pacific peoples had a higher
body fat percentage than Europeans [8].

The limitation of our investigation was that
although we had a variety of ethnic origins (Javanese,
Chinese, and Arabic), the subjects may not have been
representative of all Indonesian children due to the
convenience sampling method. We need more subjects
from different geographic regions and ethnicities to get
nationwide Indonesian references for BMI and TMI.

CONCLUSIONS

The tri-ponderal mass index (TMI) is a more accurate
prediction of body fat content in children ages 6 to 18 than
the body mass index (BMI). Tri-ponderal mass index was
a better predictor than BMI in both sexes, notably in boys.
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