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Background: Prevalence of obesity in youths has drastically increased in both industrialised
and non-industrialised countries, and this transition resulted in an increased prevalence of
chronic diseases.

Aim: The study aimed to comparatively examine prevalence of overweight and obesity status
based on tri-ponderal mass index and body mass index in estimating body fat levels in
South African children.

Setting: The study was conducted in Limpopo and Mpumalanga provinces of South Africa.

Methods: A cross-sectional survey of 1361 (boys: n = 678; girls: n = 683) children aged 9-13 years
was undertaken. The children’s age and sex-related measurements of body weight, waist-to-
height ratio, waist-to-hip ratio, triceps skinfold, subscapular skinfolds and sum of skinfold
were taken using the International Society for Advancement of Kinanthropometry protocol.
TMI and BMI calculations classified children according to weight and age categories.
Descriptive statistics, Spearman’s correlations and multiple linear regression analyses were set
at<0.05.

Results: Obesity classifications on TMI and BMI among children were as follows: Boys: 7.3%,
2.6%; 2.2%, 0.7%; Girls: 4.0%, 1.0%; 1.8%, 0.6%. Body weight, WHtR, WHpR, TSKF, SSKF and
YSKF significantly correlated with TMI (» = 0.40, p < 0.001; » = 0.73, p < 0.001; » =-0.09, p < 0.001;
r=0.50,p <0.001; »=0.51, p <0.001 and r = 0.52, p < 0.001) and BMI (» = 0.81, p < 0.001; » = 0.59,
p <0.001; r =-0.22, p < 0.001; r = 0.63, p < 0.001; » = 0.67, p < 0.001 and r = 0.66, p < 0.001).
Regression analysis revealed that body weight, WHtR, WHpR, TSKF, SSKF and XSKF
accounted for 65% and 85% of variance in children’s TMI (R?= 0.647, F[6 1354] = 413.977,
p <0.001) and BMI (R*= 0.851, F[6 1354] = 1288.218, p < 0.001).

Conclusion: TMI revealed strikingly higher incidence of overweight and obesity in
South African boys and girls than BMI. Future studies are needed to clarify sensitivity of TMI
over BMI in quantifying obesity prevalence in children and adolescents.

Keywords: tri-ponderal mass index, body mass index; obesity, overweight, chronic diseases,
South African children.

Introduction

The prevalence of obesity in youths has drastically increased in both industrialised and non-
industrialised nations, thus threatening human health globally’; however, efforts are on-going to
lower the menace of youthful excessive body fat.? South Africa is a developing nation in sub-
Saharan Africa, and the rate at which overweight and obesity continue to rise is of great concern.
The current status of the epidemic prevalence in South African youth has doubled the global
average.® Therefore, the ever-rising incidence of overweight and obesity calls for urgent
interventions through multi-disciplinary approaches.

The use of body mass index (BMI), calculated as weight in kilograms divided by height in meter
squared, has been recognised as a useful tool for screening overweight and obesity globally; its
outcome is based on adult body mass, being proportional to height squared.>*>¢ However,
recently, its capacity to predict the percentage of fat mass has consistently been probed in the
literature. It has been argued that during childhood and adolescent development, weight is not
proportional to height squared.*>* A BMI of over 30.0 kg/m? has been established as the cut-off
limit for the diagnosis of obesity in adults, thus weakening the legitimacy of BMI in youths.
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The contradiction in the mounting power of BMI then
resulted in the use of BMI percentiles for each age (BMI
z-score). Unfortunately, BMI z-score does not consider body
compositions based on body size and body fat status
transformation during adolescent growth.? This discrepancy
in BMI z-score then led to questioning the accuracy of BMI
z-score in assessing obesity in youths which then calls for its
replacement.?

Tri-ponderal mass index (TMI), weight divided by height
cubed, has currently been reported and recommended for
accuracy in assessing body fat levels in youths than BMI.?
Secondly, TMI has been regarded as a more reliable method
for diagnosing overweight and obesity in large number of
different ethnic groups, thus accounting for age and gender
differences. Thirdly, it is sensitive in distinguishing
transformation of fat mass distribution in over-fat children
and variation in fat-free mass in lean children. It is specific
and could predict both positive and negative values as
compared with BMI. In addition, unlike BMI, TMI is
recommended for its consistency in yielding accurate results
in terms of body fat assessment for both tall and short
individuals, thus maximising accuracy in screening for
obesity and overweight status in children and adolescents.
Given the cumulative prevalence of overweight and obesity
in the South African population, it is worth exploring these
indices for the estimation of obesity pandemic in
South African youths. Therefore, the purpose of this study
was to comparatively examine the prevalence of overweight
and obesity based on the TMI and IOTF-BMI in South African
children.

Methods
Study design

The study was conducted using a cross-sectional and
quantitative descriptive design in which data were collected
on body composition and anthropometric variables among
school children and pre-adolescents based on a two-part
relatively large-scale research of two under-resourced
provinces of South Africa.

Setting

The study was specifically conducted in the Limpopo and
Mpumalanga provinces of South Africa. These provinces
share acommon boundary and are relatively under-resourced
compared with other provinces in the country, and majority
of the people belong to lower socio-economic brackets.
Mostly, the population in these provinces earn their livelihood
by subsistence farming or through work as migrant labourers.
The Limpopo Province occupies an area of about 125 755 km?
with a population of about 5 404 868 people, mostly rural
black people of the Pedi, Tsonga, Venda and other Bantu
speaking people. Polokwane is its provincial capital.
Mpumalanga, on the other hand, literally means the place
where the sun rises. The province has only a surface area of
76 495 km? with an estimated population of about 3 606
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800 people comprising mainly of the Nguni including Swazi
and Ndebele speaking people, and the white minority
primarily speak Afrikaans in both the provinces. Mbombela
is the provincial capital.

Study population

From an estimated population of 15 000 learners, a total of
1361 children (n = 678 boys; n = 683 girls) aged 9-13 years
were randomly selected from 8 schools in each of Limpopo
(n = 708) and Mpumalanga (n = 653) rural settlements. Class
registers were used to draw a targeted sample of 100 children
from each school. Based on the total number of learners per
class, serial numbers were written on small pieces of paper,
folded and placed in an empty paper box. The pieces of paper
were knotted and handpicked one after the other to select
those who participate in the study. The participants” ages
were then verified from school register. Children who were
outside of the age limits set for study were excluded from
participation. Specifically, those who were present at the time
of data collection and those aged 9-13 years were assessed.

Sample size calculation

Slovin’s formula was used to determine the sample size of
the study, which is as follows:

n = sample size of the adjusted population
N = population size
e = accepted level of error set at 0.05.

N
n=——— Eagn 1
1+ Nxé’ [Eqn 1]
15000

= Eqn2
1+15000 x (0.05)* [Eqn 2]

=15000/10.16 = 1476

A total of 1476 children were selected to participate in the
study; however, because of absenteeism and incomplete data
on 115 participants, 1361 participants (678 boys and 689 girls)
eventually completed the tests, and their data used in the
final statistical analysis.

Sampling strategy

A non-probability sampling was used in the study in which
eight schools were purposively chosen from among other
districts in the Limpopo and Mpumalanga provinces of
South Africa. The rationale behind purposive sampling
technique was that the schools were rural in nature and
therefore included for the purpose of the study. Secondly,
many schools in the area granted permission for data to be
collected and study to be carried out. Thirdly, it was more
feasible to conduct the research in rural settlements with the
assistance of trained field workers, who were nursing and
physical education students at the University of Limpopo,
servicing both the provinces at the time, for proximity and
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accessibility purposes. In addition, it was more appropriate
to collect data from two provinces because the schools were
in rural settlements, and the pupil had a comparable socio-
economic background.

Data collection

Anthropometric measurements

Anthropometric measures including height, body weight,
skinfolds (triceps and subscapular) and body girth (waist
and hip) were evaluated according to the International
Society for the Advancement of Kinanthropometry (ISAK)
protocol.” Height was measured to the nearest 0.1 cm in bare
feet with participants standing upright against a stadiometer.
A digital weighing scale (Tanita HD 309, Creative Products,
MI, United States [US]) calibrated regularly to the nearest 0.1
kg (after every 10 measurements) measured body mass with
participants lightly dressed (underwear and T-shirt). Based
on the anthropometric measures, TMI (kg/height m?) and
BMI (kg/height m* were derived using the following
equations:

MI = Body. Mass (ksg) [Eqn 3]
[Height (m)]

MI = Bod}f Mass (kzg) [Eqn 4]

[Height (m)]
Children’s anthropometric data were categorised as
underweight, normal weight, overweight and/or obese for
age and gender difference using TMI and BMI norms. For
facilitation comparison, data of children who were severely
light in weight were categorised as underweight, while data
of those who were obese class I (moderately obese), obese
class II (severely obese) and obese class III (very severely
obese) were all collapsed and grouped as obese.

Circumferences

Waist girth was taken at the central point of the anatomical
landmarks. Furthermore, readings were taken at the end of
normal expiration with the arms naturally placed by the
side.” Hip (maximal girth of the buttocks) girth was measured
thrice to the nearest 0.1 cm using the Gullick anthropometric
tape while the participant assumed a standing position. The
subject was asked to stand erect with feet together and weight
evenly distributed. The widest part of the hip was located
and marked, that is, at the level of greater trochanters. Based
on data obtained, waist-to-height ratio (WHtR) was calculated
as ratios of the children’s waist girth to their height, while
waist-to-hip ratio (WHpR) was calculated as waist girth
divided by hip girth, used to assess pattern of fat distribution
among children.®

A pilot test was conducted for validation of the instrument
and assessment procedures of which 20 children of the same
age group who were not part of the main study participated.
Pearson’s technique was used to determine the intra-observer
reliability, technical error of measurement (TEM) as well as
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intra-class correlation coefficient (r) of anthropometric
assessments’, and TEM was within satisfactory limits and
agreed with suggestions of Lohman and Roche."

Data analysis

Anthropometric variables (body mass, BMI, TMI, WHtR,
WHDPpR, triceps skinfold [TSKF], subscapular skinfolds [SSKF]
and sum of skinfold [XSKF]) were examined using
independent samples t-test based on gender differences.
Percentages for TMI and BMI were calculated for overweight
and obesity classifications based on age and gender categories
in the cohorts of South African children. Spearman’s rho
correlation was performed to examine relationships between
selected body composition variables, as well as TMI and
BMI. Multiple linear regression analysis was similarly
performed to predict TMI and BMI from selected body
composition variables. All statistical analyses were conducted
using the Statistical Package for Social Sciences (SPSS)
version 25. For inferential data analyses, a probability level of
<0.05 was taken to indicate significance.

Ethical considerations

Ethics Sub-Committee of the Faculty of Health Sciences,
North-West University, South Africa (Ethics no: NWU-00088-
12-S1) and other relevant provincial regulatory bodies
granted approval for the study to be carried out. Also,
provincial heads of education department and district
managers for Department of Basic Education in the Limpopo
and Mpumalanga provinces gave permission for the study to
be conducted. The research complied with the Health
Professions Council of South Africa’s General Ethical
Guidelines for Health Researchers™. All participants and
their parents and guardians provided their written informed
consent.

Results

A significant difference in anthropometric and body
composition characteristics between boys and girls is
highlighted in Table 1. Participants” mean age was 10.9 (1.30)
years. At ages 9 and 10 years, girls had significantly higher
WHIR (0.42; 0.43) and WHpR (0.85; 0.83) than boys whose
corresponding mean values were 0.41; 0.42 and 0.81; 0.79,
respectively (p > 0.05). Boys had significantly higher mean
values of triceps (9.24 mm, 10.4 mm, 10.9 mm, 11.8 mm and
13.4 mm), subscapular (5.50 mm, 6.30 mm, 6.91 mm, 7.93 mm
and 9.47 mm) and sum of skinfolds (£SKF) (14.7 mm, 16.8
mm, 17.8 mm, 19.7 mm and 22.9 mm) than girls (p > 0.05). Also
at ages 12 and 13 years, boys were significantly heavier
(39.6 kg; 46.1 kg) and had higher BMI (18.6 kg/m? 20.0 kg/
m?) and TMI (12.8 kg/m? 13.3 kg/m®) scores compared to
their girl counterparts whose corresponding mean values
were body mass: 35.3 kg, 40.3 kg; BMI: 17.3 kg/m?, 18.0 kg/
m? and TMI: 12.2 kg/m?, 12.1 kg/m?3, respectively (p > 0.05).
No significant mean values were observed for body mass,
BMI and TMI at ages 9, 10 and 11 years for boys and girls,
respectively (p > 0.05), although body mass (27.5 kg, 31.5 kg,
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TABLE 1: Anthropometric characteristics of South Africa children by sex and age categories.

Gender Age Sarpple Body mass (kg) BMI (kg/m?) TMI (kg/m3) WHtR WHpR TSKF (mm) SSKF (mm) ISKF
size M s.d. ™M s.d. ™M s.d. M s.d. M s.d. M s.d. M s.d. M s.d.
Boys 9 113 27.5 5.42 15.9 1.95 12.2 1.41 0.41* 0.03 0.81* 0.04 9.24%* 3.54 5.50%* 3.05 14.7* 6.38
10 170 315 6.36 17.1 2.35 12.6 1.63 0.42* 0.04 0.79* 0.04 10.4* 4.15 6.30* 3.01 16.8* 7.14
11 172 34.9 8.17 17.5 3.13 12.5 2.11 0.41 0.04 0.79* 0.04 10.9* 4.38 6.91%* 3.73 17.8* 7.90
12 144 39.6* 9.37 18.6* 4.41 12.8* 3.83 0.42 0.05 0.77* 0.05 11.8* 5.08 7.93* 4.21 19.7* 9.11
13 84 46.1* 9.65 20.0* 3.84 13.3* 3.08 0.43* 0.05 0.77* 0.05 13.4% 5.50 9.47* 4.31 22.9%* 9.59
Girls 9 95 274 4.79 16 1.75 12.3 1.29 0.42%* 0.03 0.85* 0.04 7.54% 3.46 4.50* 3.48 12.1%* 6.74
10 145 311 6.25 17.2 2.98 12.7 2.29 0.43* 0.04 0.83* 0.04 8.57* 3.51 5.20%* 2.66 13.7* 6.03
11 171 331 10.3 17.3 4.72 12.5 3.30 0.42 0.04 0.83* 0.04 8.12%* 3.25 4.90* 2.58 13.0* 5.64
12 153 35.3% 7.71 17.3* 2.59 12.2% 1.71 0.42 0.03 0.83* 0.05 8.43* 3.61 5.30%* 2.95 13.7* 6.43
13 114 40.3* 7.32 18.0* 2.21 12.1% 1.49 0.42%* 0.03 0.82* 0.05 9.76* 4.70 6.02* 3.17 15.8* 7.67

kg, kilogram; BMI, body mass index; kg/m?, kilogram per meter square; TMI, tri-ponderal index; kg/m?, kilogram per meter cubic; WHtR, waist-to-height ratio; WHpR, waist-to-hip ratio; TSKF, triceps
skinfold; mm, millimetre; SSKF, subscapular skinfold; 2SKF, sum of skinfolds; M, mean; s.d., standard deviation.

*, Statistically significant (p < 0.05).

TABLE 2: Percentage of body mass index and tri-ponderal mass index
classifications of South African children by gender.

Index . Body mass index Tri-ponderal mass index
categories Boys Girls Boys Girls

No. % No. % No. % No. %
Underweight 471 69.0 544 80.2 128 18.7 114 16.8
Normal weight 189 27.7 123 18.1 490 71.7 525 77.4
Overweight 18 2.6 7 1.0 50 7.3 27 4.0
Obese 5 0.7 4 0.6 15 2.2 12 1.8
Total 683 100 678 100 683 100 678 100
p<0.05.

34.9 kg, 39.6 kg and 46.1 kg), BMI (15.9 kg/m?, 17.1 kg/m?,
17.5 kg/m? 18.6 kg/m? and 20.0 kg /m?), TSKF (9.24 mm, 10.4
mm, 10.9 mm, 11.8 mm and 13.4 mm) SSKF (5.50 mm, 6.30
mm, 6.91 mm, 7.93 mm and 9.47 mm) and >SKF (14.7 mm,
16.8 mm, 17.8 mm, 19.7 mm and 22.9 mm) consistently
increased with age among the boys, in contrast to the girls.
However, body mass (27.4 kg, 31.1 kg, 33.1 kg, 35.3 kg and
40.3 kg) was found to have consistently increased with age
among the girls.

Percentage of BMI and TMI classifications as stratified by
gender indicated that 7.3% (TMI > 15) boys were more
overweight than 2.6% (BMI > 25) fellows. With regard to
girls, 4.0% (TMI > 15) exhibited an increased level of
overweight compared to 1.0% (BMI 2 25) girls. The children’s
TMI scores indicated a higher prevalence of obesity among
the boys (2.2%) and girls (1.8%) (TMI > 17.5) than their BMI
classification whose data were as follows (Table 2): boys
(0.7%) and girls (0.6%).

Table 3 presents the BMI and TMI overweight and obesity
classifications of the children. A significant difference
between BMI and TMI categories in the children was
observed. The results indicated 1.8% (BMI) and 5.7% (TMI)
for overweight categories, while 0.7% and 2.0% data were
found for obesity categories.

Shown in Table 4 is the Spearman’s rho bivariate correlation
between TMI, BMI and selected body composition variables.
Tri-ponderal mass index significantly correlated positively
with body mass (= 0.40; p <0.001), WHItR (= 0.73; p <0.001),
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TSKEF (r = 0.50; p < 0.001), SSKF (r = 0.51; p < 0.001) and XSKF
(r = 0.52; p < 0.001), but inversely correlated with WHpR
(r =-0.09; p < 0.001). On the other hand, body mass index
significantly correlated with body mass (r = 0.81; p < 0.001),
WHIR (r = 0.60; p < 0.001), TSKF (r = 0.63; p < 0.001), SSKF
(r = 0.67; p < 0.001) and XSKF (r = 0.66; p < 0.001), but
significantly inversely correlated with WHpR (r = -0.22;
p <0.001).

Results of the multiple linear regression analysis performed
to predict TMI and BMI based on participants” body weight,
WHItR, WHpR, TSKF, SSKF and XSKF are provided in Table 5.
The results revealed that every kilogram change in body
mass could lead to a higher significant increase in both TMI
and BMI by 0.06 kg and 0.22 kg, respectively. Also, every unit
change in WHtR could lead to a significant increase in TMI
and BMI by 46.7 and 42.5, respectively. Every unit increase in
WHDpR could translate to a higher significant decrease in TMI
and BMI by 14.4 and 13.0, respectively. Furthermore, every
millimetre change in TSKF could insignificantly lead to an
increase in both BMI and TMI by 0.05 mm and 0.04 mm,
respectively. Results also showed that every millimetre
change in subscapular skinfold could yield a non-significant
decrease in both BMI and TMI by 0.10 mm and 0.10 mm,
respectively, while every unit change in ZSKF could lead to
non-significant decrease in both BMI and TMI by 0.03 mm
and 0.01 mm, respectively.

A generalised equation obtained from coefficients presented
in Table 5 was used to predict TMI from body weight, WHtR,
WHpR, TSKE, SSKF and XSKF as follows: TMI = 0.060
(weight) + 46.741 (WHtR) + 0.054 (TSKF) - 14.421 (WHpR) -
0.089 (SSKF) — 0.031 (XSKF). The variable significantly
predicted TMI, F (6 1354) = 413.977, p < 0.001, R* = 0.647; p <
0.05. Therefore, only body weight, WHtR and WHpR were
significant predictors of TMI among the children. Conversely,
the generalised equation used to predict BMI from body
weight, WHtR, WHpR, TSKF, SSKF and XSKF was: BMI =
0.223 (weight) + 42.552 (WHtR) + 0.038 (TSKF) - 13.022
(WHpR) - 0.094 (SSKF) — 0.014 (XSKF), as indicated in Table 5.
The variables significantly predicted BMI, F (6 1354) =
1288.218, p < 0.001, R*= 0.851; p < 0.05, thereby suggesting
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TABLE 3: Diagnostic classification of obesity among South African children based on body mass index (IOTF) and tri-ponderal mass Index category by age.

Index categories Age
9 years 10 years 11 years 12 years 13 years Total

N % N % N % N % N % N %
BMI (IOTF)
Underweight 186 89.4 249 79.0 268 78.1 205 69.0 107 54.0 1015 74.6
Normal weight 22 10.6 62 19.7 67 19.5 79 26.6 82 41.4 312 22.9
Overweight 0 0.0 3 1.0 5 1.5 9 3.0 8 4.0 25 1.8
Obese 0 0.0 1 0.3 3 0.9 4 1.3 1 0.5 9 0.7
™I
Underweight 33 15.9 43 13.7 61 17.8 68 22.9 37 18.7 242 17.8
Normal weight 167 80.3 245 77.8 258 75.2 207 69.7 138) 69.7 1015 74.6
Overweight 8 3.8 20 6.3 17 5.0 12 4.0 20 10.1 77 5.7
Obese 0 0.0 7 2.2 7 2.0 10 3.4 3 1.5 27 2.0

|OTF-BMI, International obesity task force-body mass index; TMI, tri-ponderal mass index.

TABLE 4: Spearman’s rho correlation matrix showing interrelationships between selected body composition variables and tri-ponderal mass index and body mass index in

estimating body fat levels in South African children (n = 1361).

Variables Weight (kg) WHtR WHpR TSKF (mm) SSKF (mm) ZSKF BMI (kg/m?) T™MI (kg/m?)
Weight (kg) 1.000 0.280** -0.292** 0.567** 0.634** 0.609%** 0.813** 0.402**
WHtR 0.280%** 1.000 0.372%* 0.336%** 0.380%** 0.360%** 0.598** 0.727**
WHpR -0.292** 0.372** 1.000 -0.338** -0.318** -0.341%* -0.222%* -0.090**
TSKF (mm) 0.567** 0.336** -0.338%** 1.000 0.870%** 0.979%** 0.627** 0.500%*
SSKF (mm) 0.634** 0.380** -0.318** 0.870** 1.000 0.949%* 0.673** 0.514%*
2SKF 0.609%* 0.360** -0.341%* 0.979%** 0.949** 1.000 0.662** 0.519%**
BMI (kg/m?) 0.813** 0.598** -0.222** 0.627** 0.673** 0.662** 1.000 0.840**
TMI (kg/m?3) 0.402%* 0.727** -0.090%** 0.500%** 0.514%** 0.519%** 0.840%** 1.000

BMI, body mass index; kg, kilogram; ZSKF, sum of skinfolds; SSKF, subscapular skinfolds; TMI, tri-ponderal mass index; TSKF, triceps skinfold; WHpR, waist-to-hip ratio; WHtR, waist-to-height ratio.

**, Correlation is significant at the 0.01 level (two-tailed).

TABLE 5: Multiple linear regression analysis to predict tri-ponderal mass index
and body mass index from selected body composition variables.

Variables Tri-ponderal indext — V4 Body mass indext P
Coefficient] — Coefficient
Weight (kg)  0.060 <0.001 0.223 <0.001
WHtR 46.741 <0.001 42.552 <0.001
WHpR -14.421 <0.001 -13.022 <0.001
TSKF (mm)  0.054 0.493  0.038 0.587
SSKF (mm) -0.089 0.275 -0.094 0.201
2SKF -0.031 0.684 -0.014 0.833

3SKF, sum of skinfolds; SSKF, subscapular skinfolds; TSKF, triceps skinfold; WHpR, waist-to-hip
ratio; WHtR, waist-to-height ratio.

T, R? =0.647; adjusted R? =0.646; p < 0.05.
1, R? =0.851; adjusted R? = 0.850; p < 0.05.

thatbody weight, WHtR and WHpR were the most significant
predictors of BMI among the South African children.

Discussion

This study comparatively examined the prevalence of
overweight and obesity in South African children based on
tri-ponderal and body mass indices. Body mass index
compared with TMI has been commonly used as a tool to
screen for obesity prevalence in adults and used by many
researchers to assess body fatness and body weight disorders
in children because of its relative simplicity and ease of
determination. However, studies have shown that BMI may
not have the same proportion with height squared in its use
to assess body fat levels in children,? thus limiting its
sensitivity for evaluating fatness in children and adolescents.
Historically, BMI was an ideal and preferred body weight
index measure for diverse population across the globe, while
ponderal index was considered a poor approach.’? Blackburn
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and Jacobs® were of the opinion that BMI was considered the
best measure of fatness when several issues were not put into
consideration. For example, (1) children, women and the old
were not investigated; and (2) changes in BMI with visceral
fat patterns were not observed."®™ These shortcomings
coupled with BMI’s inability to separate body fat from fat-
free mass tend to weaken the precision of the index as a
measure of fatness and heaviness.

In our study sample, comparison of the tri-ponderal and
body mass indices yielded different results. There was a
higher prevalence of overweight and obesity using the TMI
compared to the BMI in both boys and girls. The
metamorphosis perceived in both boys and girls in this study
rationalises the prerequisite to reflect age- and gender-
specific inceptions as such thresholds are deliberated in BMI
evaluations for children and adolescents, given the
cumulative prevalence of overweight and obesity in the
South African population. However, it contradicts that of an
Indian study in which a lower prevalence of overweight and
obesity’® was found when BMI-IOTF was used to estimate
pandemic in children aged 2-17 years category. Khadilkar
and colleagues,”® however, coincide with those studies
conducted in Nigeria'® in which a higher prevalence of
overweight and obesity was found for Centre for Disease
Control and Prevention estimation compared with the BMI-
IOTE. These findings suggest higher responsiveness and
stringency in BMI-IOTF compared to both Centre for Disease
Control and Prevention and TMI in youths. On the other
hand, such rigours might have resulted in an underestimation
of overweight and obesity in youths. Alternatively, variances
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in ethnicity or population, genetic predisposition, lifestyle
regime and age range as epidemic determinant might denote
that the data are not solidly comparable.

A strong positive correlation was observed between
BMI and body weight in this study, in contrast to the
significantly moderate correlation noted for TMI. The
finding also corroborates that of Howe and colleagues,’
which indicated higher significant association between TMI
and BMI and greater fat weight among youths. Howe and
colleagues’ stated further that an increase in BMI could be
linked to various cardio-metabolic disease risks among
youths. Similar to this study, Rasmussen and Johansson'
also found significantly positive relationship between TMI
and body mass in their study which analysed the importance
of birth mass, height and Rohrer index for BMI and
overweight or obesity at 18 years of age. These findings
have significant clinical repercussions and thus advocate
for premature acknowledgement of amplified cardio-
metabolic disease risks at young ages. Dancey and Reidy’s'®
correlation interpretation also supported the findings by
Howe and colleagues! as having an increased BMI could be
interrelated with numerous cardio-metabolic disease risks
among youths and future negative health impact later
in life.

The results of this study also indicated a significantly higher
correlation with regard to WHtR and TMI, whereas triceps,
subscapular and summation of skinfold significantly
moderately correlated with both TMI and BMI. These
findings corroborate those of Sanya and Alaje” which
observed a considerable correlation of skinfolds with both
BMI and TMI between gender and among different age
groups. In another study, Gaskin and Walker® examined the
relationships of BMI to obesity indices tracking excessive
fat between late childhood and early adolescence in a cohort
of children with various nutritional statuses and found
a strong relationship between obesity indices and BMI.
Similar to this study, WHpR had a low inverse significant
correlation with both TMI and BMI, although higher
with BML

Findings from the regression analysis revealed that only
three independent variables (body weight, WHtR and
WHpR) highly significantly predicted TMI and BMI in the
studied population. Our findings substantiate those studies
in which body mass significantly predicted BML! Other
studies also found BMI and TMI to be associated with
cardiovascular diseases among individuals,>**%? despite
the criticism of TMI being regarded as poor relative weight
index.?%

The fact that other studies reported lack of consistency in
standard body fat classification when evaluating weight
abnormalities in youths suggests that the assessment of
overweight and obesity in children should be based on good
results as this could weaken the reliability of epidemiological
research data. The results of this study therefore advocate a
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requisite for an evaluative approach to institute standards for
the assessment of percentage body in children and associate
the outcomes on the basis of age and gender. In addition, it
will be ideal to explore a diverse of indices for the
determination of body fat in South African children.

The present findings should, however, be interpreted
cautiously in view of the following limitations: Firstly, the
BMI and TMI might not represent the right body proportions
which could incorporate both fat mass and fat-free mass,
thus limiting their accuracy to estimate obesity and
overweight in children. Secondly, participants in this study
were from low-resourced communities, and therefore, the
findings are not representative of the population of
South African children.

Conclusion

Tri-ponderal mass index revealed strikingly higher
prevalence of overweight and obesity in the South African
boys and girls compared with the BMI. Future studies are
necessary to clarify the sensitivity of the TMI over the IOTF-
based BMI classifications in estimating body fatness in
children and adolescents; as such findings could have
implications for public health policy formulation.

Acknowledgements

The authors are thankful to the provincial Departments of
Basic Education of Limpopo and Mpumalanga provinces, the
Department of Education District Offices, school authorities,
teachers, parents and the children who participated in the
study, for their cooperation. Sincere gratitude goes to the
University of Limpopo students” research team for their
assistance in data collection. The authors express their
profound appreciation to the Physical Activity, Sports and
Recreation (PHASReC) Focus Area, School of Biokinetics,
Recreation and Sports Science, North-West University and
Department of Sport, Rehabilitation and Dental Sciences,
Tshwane University of Technology, for facilitating the
logistics of the study.

Competing interests

The authors declare that they have no financial or personal
relationships that may have inappropriately influenced them
in writing this article.

Authors’ contributions

VK.M. developed the concepts; collected data; performed
the data cleaning, analysis and interpretation; and drafted
the manuscript. M.V.S. technically reviewed and revised the
manuscript.

Funding information

This article is based upon the work funded by the National
Research Foundation of South Africa (Grant No. PR
SPF180117306215).



http://www.phcfm.org�

Data availability statement

Data sharing is not applicable to this article as no new data
were created or analysed in this study.

Disclaimer

Any opinion, findings and conclusions or recommendations
expressed in this article are those of the authors, and the
National Research Foundation of South Africa does not
accept any liability in this regard.

References

1.

Howe LD, Tilling K, Benfield L, et al. Changes in ponderal index and body mass
index across childhood and their associations with fat mass and cardiovascular
risk factors at age 15. PloS One. 2010;5(12):e15186. https://doi.org/10.1371/
journal.pone.0015186

Peterson CM, Su H, Thomas DM, et al. Tri-ponderal mass index vs body mass index
in estimating body fat during adolescence. JAMA Pediatr. 2017;171(7):629-636.
https://doi.org/10.1001/jamapediatrics.2017.0460

Health 24. Shocking findings for SA in global obesity study. Health 24 [serial
online]. 2017 [cited 2017 Jun 12]. Available from: https://www.health24.com/
Diet-and-nutrition/News/nejm-obesity-study-shocking-results-20170612.

Cole T. Weight-stature indices to measure underweight, overweight, and obesity.
In: Himes JH, editor. Anthropometric assessment of nutritional status. New York,
NY: Wiley-Liss; 1991. p. 83-111.

Quetelet A. Sur 'homme et le développement de ses facultés ou essai de
physique sociale (Vol. 1) [homepage on the Internet]. Bachelier; 1835. Available
from: https://archive.org/details/surlhommeetled00quet.

Quetelet A. Physique sociale, ou essai sur le développement des facultés de
I’hnomme (Vol. 2) [homepage on the Internet]. C. Muquardt; 1869. Available from:
https://archive.org/details/physiquesociale00quetgoog.

Marfell-Jones MJ, Stewart AD, De Ridder JH. International standards for
anthropometric assessment manual. Wellington, New Zealand: International
Society for the Advancement of Kinanthropometry; 2012. [cited 2012 Sept 04].
Available from: yept.com.br/international_standards_for_anthropometric_
assessment.pdf.

Goon DT, Toriola AL, Shaw BS. Screening for body-weight disorders in Nigerian
children using contrasting definitions. Obes Rev. 2010;11(7):508-515. https://doi.
org/10.1111/j.1467-789X.2009.00682.x

Malina RM, Hamill PV, Lemeshow S. Selected measurements of children 6-11
years, United States. Vital and Health Statistics, Department of Health and Human
Services [homepage on the Interent]. Washington, DC: US Government Printing
Office; 1973 [cited 1987 May 06]. Available from: https://pdfs.semanticscholar.
org/787f/e79a73a175c2d771a3d31ecb7b9d3d3c5¢37.

Page 7 of 7 . Original Research

10.
11.
12.
13.

14.

15.
16.

17.

18.

19.
20.
21.
22.

23,
24.

25.

Lohman TG, Roche AF, Martorell R, editors. Anthropometric standardization
reference manual. Champaign, IL: Human kinetics books; 1988. Vol. 177, p. 3-8.
[cited 1998 Dec 10]. Availablefrom: https://doi:abs/10.1080/00140138808966796.

Edeling HJ, Mabuya NB, Engelbrecht P, et al. HPCSA serious injury narrative
test guidelines. S Afr Med J. 2013;103(10):763-766. https://doi.org/10.7196/
SAMJ.7118

Komaroff M. Historical review of developing body weight indices: Meaning
and purpose. Adv Obes Weight Manag Control. 2017;6(6):177. https://doi.
org/10.15406/aowmc.2017.06.00177

Blackburn H, Jacobs Jr, D. Commentary: Origins and evolution of body mass
index (BMI): Continuing saga. Int J Epidemiol. 2014;43(3):665-669. https://doi.
org/10.1093/ije/dyu061

Lopes HMDS. Diagnostic accuracy of CDC, IOTF and WHO criteria for obesity
classification, in a Portuguese school-aged children population [homepage on the
Internet]. Porto: Institute of Public Health, University of Porto.2012 [cited 2015
May 01]. Available from: https://www.researchgate.net/publication/276701882.

Khadilkar VV, Khadilkar AV, Cole TJ, et al. Overweight and obesity
prevalence and body mass index trends in Indian children. Int J Pediat Obes.
2011;6(sup3):e216—224. https://doi.org/10.3109/17477166.2010.541463

Toriola AL, Ajayi-Vincent OB, Oyeniyi PO, et al. Prevalence of overweight and
obesity in Nigerian children. The Ant. 2017;30(2):86-94. https://d0i:10.1080/
09720073.1409399

Rasmussen F, Johansson M. The relation of weight, length and ponderal index at
birth to body mass index and overweight among 18-year-old males in Sweden.
Eur J Epidemiol [serial online]. 1998 [cited 2017 Jun 12];14(4):373-380. Available
from: https://link.springer.com/article/10.1023/A:1007411613576.

Dancey C, Reidy J. Statistics without maths for psychology: Using SPSS for
windows. London: Prentice Hall; 2004.

Sanya AO, Alaje OT. Estimation of body fat: Correlation between skinfold
measurements and selected indices of adiposity. Afr J Health Sci [serial online].
1998 [cited July—December];5(3—4):165-169. Available from: https://gsi-cabi-
bioscience.org/research/053/039/053039874.php.

Gaskin PS, Walker SP. Obesity in a cohort of black Jamaican children as estimated
by BMI and other indices of adiposity. Eur J Clinl Nutr [serial online]. 2003
[cited 2018 Aug 25];57(3)420. Available from: http://www.jmedsoc.org/text.
asp?2012/26/3/184/113248

Chen Y, Copeland WK, Vedanthan R, et al. Association between body mass index
and cardiovascular disease mortality in east Asians and south Asians: Pooled
analysis of prospective data from the Asia Cohort Consortium. Br Med J. 2013 Oct
1;347:f5446. https://doi.org/10.1136/bmj.f5446

Sayeed MA, Mahtab H, Latif ZA, et al. Waist-to-height ratio is a better obesity index
than body mass index and waist-to-hip ratio for predicting diabetes, hypertension
and lipidemia. Bangladesh Med Res Counc Bull [serial online]. 2003 [cited 2003
May];29(1):1-10. Available from: https://www.ncbi.nlm.nih.gov/pubmed/14674615.

Haggarty P, Campbell DM, Bendomir A, et al. Ponderal index is a poor predictor of
in utero growth retardation. BJOG: An Int J Obstet Gynae. 2004;111(2):113-119.
https://doi.org/10.1046/j.1471-0528.2003.00018.x

Nili F, Makipour M, Mobini J. The value of ponderal index as a prognostic factor in
predicting complications in term neonates. Med J Islam Repub Iran [serial online].
2003;17(3):197-201. Available from: http://mijiri.iums.ac.ir/article-1-681-en.html.

Keys A, Fidanza F, Karvonen MJ, et al. Indices of relative weight and obesity. Int J
Epidemiol. 2014;43(3):655-665. https://doi.org/10.1093/ije/dyu058

http://www.phcfm.org . Open Access



http://www.phcfm.org�
https://doi.org/10.1371/journal.pone.0015186�
https://doi.org/10.1371/journal.pone.0015186�
https://doi.org/10.1001/jamapediatrics.2017.0460�
https://www.health24.com/Diet-and-nutrition/News/nejm-obesity-study-shocking-results-20170612�
https://www.health24.com/Diet-and-nutrition/News/nejm-obesity-study-shocking-results-20170612�
https://archive.org/details/surlhommeetled00quet�
https://archive.org/details/physiquesociale00quetgoog�
http://yept.com.br/international_standards_for_anthropometric_assessment.pdf
http://yept.com.br/international_standards_for_anthropometric_assessment.pdf
https://doi.org/10.1111/j.1467-789X.2009.00682.x�
https://doi.org/10.1111/j.1467-789X.2009.00682.x�
https://pdfs.semanticscholar.org/787f/e79a73a175c2d771a3d31ecb7b9d3d3c5c37�
https://pdfs.semanticscholar.org/787f/e79a73a175c2d771a3d31ecb7b9d3d3c5c37�
https://doi:abs/10.1080/00140138808966796�
https://doi.org/10.7196/SAMJ.7118�
https://doi.org/10.7196/SAMJ.7118�
https://doi.org/10.15406/aowmc.2017.06.00177�
https://doi.org/10.15406/aowmc.2017.06.00177�
https://doi.org/10.1093/ije/dyu061�
https://doi.org/10.1093/ije/dyu061�
https://www.researchgate.net/publication/276701882�
https://doi.org/10.3109/17477166.2010.541463�
https://doi:10.1080/09720073.1409399�
https://doi:10.1080/09720073.1409399�
https://link.springer.com/article/10.1023/A:1007411613576�
https://gsi-cabi-bioscience.org/research/053/039/053039874.php�
https://gsi-cabi-bioscience.org/research/053/039/053039874.php�
http://www.jmedsoc.org/text.asp?2012/26/3/184/113248�
http://www.jmedsoc.org/text.asp?2012/26/3/184/113248�
https://doi.org/10.1136/bmj.f5446�
https://www.ncbi.nlm.nih.gov/pubmed/14674615�
https://doi.org/10.1046/j.1471-0528.2003.00018.x�
http://mjiri.iums.ac.ir/article-1-681-en.html�
https://doi.org/10.1093/ije/dyu058�

