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ABSTRACT
Introduction: Since 2017, number of studies involving nutritional
status of adolescents using a novel parameter named tri-ponderal
mass index (TMI) is soaring high. The concept of TMI was
formulated to substitute body mass index (BMI) in case of
adolescent population. The present study aims to find TMI values
of school-going adolescent girls (aged 10 to 19 years). It also aims
to compare the association of TMI and BMI with mid-upper arm
circumference (MUAC) of the subjects.
Methods: Height, weight and MUAC were measured using
standard procedures. The BMI and TMI were accordingly
calculated. The data obtained was tabulated to elucidate age-wise
descriptive statistics. Quadratic polynomial regression was
employed to yield a general conclusion regarding association of
TMI and BMI with MUAC of the subjects. Receiver operating
characteristic (ROC) curve was plotted to check which of the two
indices, BMI or TMI, has better ability to predict higher MUAC of
the subjects.
Results: The ROC-area under curve (AUC) was 0.867 and 0.955
for TMI and BMI respectively.
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Conclusion: BMI has better association with MUAC. In
comparison to TMI, BMI has superior ability in predicting higher
MUAC of the subjects.
Keywords: Adolescent girls; BMI; MUAC; Tri - ponderal

This work is licensed under creative common attribution 3.0 license

J Nepal Paediatr Soc Vol 41 Issue 1 Jan-Apr 2021

!11

Original Article
!

!

INTRODUCTION
Body Mass Index (BMI) was originally developed
by Lambert Adolphe Jacque Quetelet in the year
1832 and was named as Quetelet Index {later
renamed as Body Mass Index in 1972 by Ancel
Keys (1904–2004)}.1 It has been formulated based
on the finding that normal body weight in
kilograms was proportional to the square of the
height in meters.2 This was formulated for adults as
Quetelet noted that the body mass relationship to
height in normal young adults was least affected by
height when the ratio of weight to height squared
was used rather than other equations developed at
that period.3 However, this was supposed to be
ruled out in case of adolescents. Quetelet4 in his
book ‘A Treatise on Man and the Development of
His Faculties’ assumed that “during development,
the squares of the weight at different ages are as the
fifth powers of the height” i.e., mass2 increases
with height5. In the later years, several researches
regarding weight for height indices came up which
further brought several studies based on the serial
change in the exponent ‘p’ of weight/heightp (also
called Benn’s index) through several stages of
human growth. Dugdale proposed weight/height2.42
as age independent nutrition indices for children
above five years.5 Cole showed that ‘p’ rises from
age five to 12 years by differentiating the National
Center for Health Statistics (NCHS) median
standard weight/height curves plotted against age.6
More precisely, Cole also found that the optimal
value of ‘p’ was two in pre-school children, but it
increased gradually to three at age 11 and fell back
to two after puberty.7 He further concluded that
BMI is appropriate for preschool children and
adults. However, early in puberty it tends to assess
tall or physically advanced children as being
overweight.7
Despite being unfit for assessing nutritional status,
BMI has been extensively used as a proxy measure
to determine nutritional status of adolescent
individuals.8-10 It was concluded that BMI performs
as good as standardised BMI, Fat-Free Mass Index
(FFMI), Fat Mass Index (FMI), TMI, Waist-toHeight ratio (WtHR) and Body Mass Fat Index
(BMFI) and therefore must be preferred in
metabolic syndrome and obese children and
adolescents.11 Another reason for preferring BMI to
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other adiposity indices was ease of calculation
compared to other indices. Later, standardised BMI
and BMI-for-age percentile charts were developed
to assess nutritional status of adolescents. A novel
parameter named tri-ponderal mass index (TMI)
has been extensively used in several recent studies
for assessing nutritional status of adolescent
individuals. TMI is defined as weight divided by
height cubed. It bears the formula: TMI = weight in
kilogram / height in meter3. The unit of TMI is kg/
m3. The prefix ‘tri’ is a reminder that height is
raised to the third power which makes it different
from ‘ponderal index’ where height is raised only to
the first power.
Although there exists an emerging body of
evidences involving TMI of adolescents, there is a
dearth of widely-accepted cut-offs. Several studies
mentioned above yielded a strong conclusion that
TMI estimates body fat levels accurately. However,
there are few studies claiming association of TMI
and mid-upper arm circumference (MUAC) of
adolescent populations. With the above issues in
mind, the present study aimed to estimate TMI
values of adolescent girls and to compare the
association of TMI and BMI with MUAC. The
study also aimed to find which of these indices,
TMI or BMI, has the ability to predict higher
MUAC among the subjects.

METHODS
The present cross-sectional study was conducted
among 469 school-going adolescent girls (aged 10
to 19 years) belonging to the Bengalee Hindu Caste
Population (BHCP) and residing in Siliguri town,
West Bengal, India. Ethnically, BHCP is a Bengalispeaking endogamous caste group of West Bengal
and faithful to Hinduism. They are probably a
blend of Dravidian and Mongoloid ethnic groups
with a strain of Indo-Aryan blood among the higher
caste groups.12 This study was conducted on a
government secondary school situated at the heart
of Siliguri town. The minimum number of sample
size required for reliable estimate and assessment
of nutritional status was calculated utilising the
standard sample size estimation procedure of
Lwanga and Lemeshow.13 The minimum sample
size for this study was estimated to be 384
individuals. The final sample size was much higher
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than this estimated size. A stratified sampling
method was used to select the girls in the present
study. A total of 525 apparently healthy adolescent
girls belonging to the BHCP were selected. Ten
girls declined to participate in the study and 46 girls
were excluded because their ages were not within
the age group selected for the present study. This
yielded a final sample size of 469 individuals. The
study was conducted in accordance with the ethical
guidelines for human experiments, as laid down by
the Helsinki Declaration of 2000.14 Permission was
taken from the Institutional Research Board of the
University.
Anthropometric measurements of height, weight
and MUAC were collected using standard
procedures.15 Measurements were taken to the
nearest 0.1 cm for height and 0.5 kg for weight.
BMI and TMI were subsequently calculated from
weight (in kg) and height (in metres). To check the
consistency of the data, accuracy index named
Technical Error of Measurement (TEM) was
calculated.16 For the calculation of intra-observer
TEM, height, weight and MUAC were recorded
from 50 BHCP adolescent girls other than those
selected for the study. The measurements were
recorded thrice on each individual by the author. It
was calculated by the formula: TEM = √ (ΣD2 /
2N), where D = difference between the
measurements and N = number of individuals. The
coefficient of reliability (R’) which estimates the
proportion of variance in a measured population
that is free from measurement error was
subsequently calculated by the equation: R’ = {1−
(TEM)2 / SD2}, where SD = standard deviation of
the measurements. Very high values of R’ (> 0.980)
were obtained for the intra-observer TEM analysis.
All the values of R’ were appreciably higher than
the accepted cut-off value of 0.95 as suggested by
Ulijaszek and Kerr.17 Hence, the anthropometric
measurements recorded by SR were considered to
be reliable and reproducible and the TEM values
were not incorporated for further statistical
consideration. The data recorded in the present
study was statistically analysed with the aid of
Statistical Package for Social Science (IBM SPSS
Statistics, version 23.0, SPSS Inc., Chicago, IL)
using relevant statistical constants and relevant
statistical tests. Age-wise descriptive statistics of all
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the variables were framed. The one-way analysis of
variance (ANOVA) was performed to check
significant statistical differences in age-wise mean
TMI, BMI and MUAC of the subjects.
Quadratic polynomial regression was performed to
compare the association of TMI and BMI with
MUAC. This was preferred to linear regression
which gave lower values of R and R2. For receiver
operating characteristics (ROC) curve analysis, a
MUAC cut-off was required to classify the subjects
with higher and lower MUAC values. However,
owing to absence of widely accepted MUAC cutoffs among adolescent populations, we preferred to
choose a particular MUAC cut-off value of 22 cm.
The cut-off was used in a study18 to compare the
haemoglobin values of the non-school going
adolescent girls (11-19 years) of Odisha. The study
reported significantly lower mean haemoglobin
levels in those with low MUAC (< 22 cm) than
those with MUAC ≥ 22 cm.

RESULTS
Age-specific descriptive statistics of BHCP
adolescent girls are displayed in Table 1. Mean
TMI, BMI and MUAC of the subjects were 13.64 ±
1.87 kg/m3, 19.82 ± 2.93 kg/m2 and 21.58 ± 3.13
cm respectively. TMI values tend to increase with
age except at age 11, 14 and 15 years. BMI values
of the subjects tend to increase with age. MUAC
Table 1. Age-specific descriptive statistics (mean ±!!
standard deviation) of the subjects
Age
No
TMI
BMI
MUAC
(years)
(kg / m3)
(kg / m2)
(cm)
10

50

11.15 ± 1.71 14.39 ± 2.53 18.14 ± 2.50

11

47

10.96 ± 1.76 14.94 ± 2.59 19.06 ± 2.58

12

45

11.31 ± 2.24 16.18 ± 3.15 20.27 ± 2.95

13

58

11.98 ± 1.69 17.43 ± 2.44 21.18 ± 2.64

14

39

11.64 ± 1.49 17.49 ± 2.37 21.93 ± 2.70

15

58

11.80 ± 1.50 17.75 ± 2.34 22.25 ± 2.46

16

47

12.31 ± 1.49 18.53 ± 2.19 23.33 ± 2.09

17

52

12.75 ± 2.21 18.98 ± 3.06 23.03 ± 2.50

18

52

12.97 ± 1.66 19.59 ± 2.48 24.00 ± 2.62

19

21

13.32 ± 1.65 20.04 ± 2.52 23.43 ± 1.74

Total 469

13.64 ± 1.87 19.82 ± 2.93 21.58 ± 3.13
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Figure 1. Quadratic polynomial regressions for (A) BMI and (B) TMI as predictors of MUAC

values tend to increase with age except at age 17
and 19 years. The ANOVA analysis showed
statistical significant differences in age-wise mean
TMI (F-value = 8.262), BMI (F-value = 27.354)
and MUAC (F-value = 37.223) (p < 0.001).
Quadratic polynomial regression showed that
BMI has better association with MUAC (R =
0.892) in comparison to TMI (R = 0.673).
The association could be better understood
from Fig 1. The receiver operating
characteristics (ROC) analysis yields area
under curve (AUC) values of 0.867 for TMI
and 0.955 for BMI (Fig. 2).

DISCUSSION
According to our literature search, there is almost
no research paper involving TMI of adolescents in

India. The present study has made an attempt to
estimate TMI values of adolescent girls, though the
sample size is small. The overall mean TMI values
among girls estimated in the present study was
13.64 ± 1.87 kg/m3. The value is quite less
compared to another study19 and is higher
compared to some other studies.20-22 The present
study found that TMI values tend to increase with
age. This finding corroborates with another study.21
However, several studies claimed that TMI values
showed a decreasing trend with increase in age
(except at few age points).23, 24
Our literature search has not found any study
seeking for association between TMI and MUAC
of adolescent girls. However, there exist several
studies that attempted to find the association
between BMI and MUAC of adolescent girls (Table

Figure 2. ROC curve analysis showing ability of TMI and BMI to predict higher MUAC among adolescent girls
J Nepal Paediatr Soc Vol 41 Issue 1 Jan-Apr 2021
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Table 2. Correlation between BMI and MUAC among various studies conducted on adolescent girls
Studies
Jeyakumar et al.25
Sethi et al.26

Lillie et al.27
Present study

Region

Subjects

Age range
(years)
16 - 18

Maharashtra,
India
Chhattisgarh
and Odisha, India

Adolescent unmarried
girls residing in urban slums
Adolescent girls
from four
tribal blocks

Pwani Region
and Dar es Salaam
Region, Tanzania
Siliguri,
West Bengal, India

Adolescents attending
last year of primary school

-

Adolescent BHCP
school-going girls

10 - 19

2). The findings proved that there always existed a
strong positive correlation between the variables.
In the comparison between the ROC curves for the
indices, BMI was found to present a significantly
higher AUC for indicating higher MUAC among
the subjects. In particular, the AUC for BMI was
0.955 (95% CI: 0.938 - 0.973; S.E.: 0.01; p <
0.001) and AUC for TMI was 0.867 (95% CI: .
836-.899; S.E.: 0.01; p < 0.001). AUC values above
0.85 depicts excellent diagnostic test. This proves
that both TMI and BMI have excellent ability to
predict higher MUAC among adolescent girls.
However, BMI has better ability to predict higher
MUAC.

10-19

Correlation
0.593 (p = .000)
0.78 (overall)
0.82 (Chhattisgarh)
0.77 (Odisha)
(P = 0.001)
0.846
(p < 0.001)
0.892 (p = 0.000)

single centre study conducted among a particular
regional ethnic girls. Our findings may not be
possible to generalise to the entire population.
However, we expect that our study would pave the
pathway for further research on this novel field in
the future.

CONCLUSIONS
The present study concluded that BMI (compared
to TMI) has better association with MUAC among
adolescent girls. Additionally, BMI (in comparison
to TMI) has better ability to predict higher MUAC
of adolescent girls. However, more studies are
needed to confirm this.

Ours is a novel study on the subject among
adolescent girls. However, it is a relatively small,
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