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ABSTRACT - Background: Body mass index (BMI) has some limitations for nutritional diagnosis

since it does not represent an accurate measure of body fat and it is unable to identify
predominant fat distribution. Aim: To develop a BMI based on the ratio of trunk mass and
height. Methods: Fifty-seven patients in preoperative evaluation to bariatric surgery were
evaluated. The preoperative anthropometric evaluation assessed weight, height and BMI. The
body composition was evaluated by bioimpedance, obtaining the trunk fat free mass and fat
mass, and trunk height. Trunk BMI (tBMI) was calculated by the sum of the measurements
of the trunk fat free mass (tFFM) and trunk fat mass (tFM) in kg, divided by the trunk height
squared (m?). The calculation of the trunk fat BMI (tfBMI) was calculated by tFM, in kg, divided
by the trunk height squared (m?). For the correction and adjustment of the tBMI and tfBMI, it
was calculated the relation between trunk extension and height, multiplying by the obtained
indexes. Results: The mean data was: weight 125.3+19.5 kg, height 1.63+0.1 m, BMI was 47+5
kg/m? and trunk height was 0.52+0,1 m, tFFM was 29.05+4,8 kg, tFM was 27.2+3.7 kg, trunk
mass index was 66.6+10.3 kg/mz, and trunk fat was 32.3+5.8 kg/mz. In 93% of the patients
there was an increase in obesity class using the tBMI. In patients with grade Il obesity the
tBMI reclassified to super obesity in 72% of patients and to super-super obesity in 24% of the
patients. Conclusion: The trunk BMI is simple and allows a new reference for the evaluation of
the body mass distribution, and therefore a new reclassification of the obesity class, evidencing
the severity of obesity in a more objectively way.

RESUMO - Racional: O indice de massa corporal (IMC) para diagndstico nutricional apresenta

limitagdes, pois ndo representa medida precisa da adiposidade corporal, podendo assim
subestimar a presenca de obesidade. Objetivo: Desenvolver um indice de massa corporal
baseado entre a relagdo da massa e altura do tronco. Método: Cinquenta e sete pacientes em
preparo pré-operatério para cirurgia bariatrica foram submetidos a avaliagdo antropométrica
(peso, altura e indice de massa corporal). Para célculo do IMC do tronco foi avaliada a composicdo
corporal pela bioimpedancia, obtendo-se a massa livre de gordura e massa de gordura do
tronco; a medida do tronco foi calculada pela diferenca entre a altura a partir da sétima vértebra
cervical e a extensdo dos membros inferiores. O calculo do IMC do tronco (IMCt) foi a soma das
medidas da massa livre de gordura do tronco (MLGt) e massa de gordura do tronco (MGt), em
kg, dividindo-se pelo quadrado da altura do tronco (m?). O IMC de gordura do tronco (IMCgt)
foi calculado utilizando a MGt, em kg, dividindo-a pelo quadrado da altura do tronco (m?). Para
correcdo e ajuste do IMCt e IMCgt foi calculada a relacdo entre os valores de extensdo do tronco
e da altura, multiplicando-se pelo valor dos indices obtidos. Resultados: As médias do peso e
altura foram de 125,3+19,5 kg e 1,63 m+0,1, respectivamente, e do IMC de 47+5 kg/m? A média
da altura do tronco foi de 0,52+0,1 m, da MLGt de 29,05+4,8 kg, da MGt de 27,2+3,7 kg, do
IMCt de 66,6+10,3 kg/mz, edoIMCgt 32,315,8 kg/mz. Em 93% dos pacientes houve aumento da
classificacdo da gravidade da obesidade com o célculo do IMCt . Nos pacientes com obesidade
grau lll, o IMCt alterou a classificagdo para super-obesidade em 72% dos pacientes e para super-
super obesidade em 24% dos pacientes. Concluséao: O IMC do tronco é método antropométrico
acessivel e pratico, que permite a reclassificacdo do IMC baseado na distribuicdo da massa do
tronco, evidenciando de forma mais clara a gravidade da obesidade.
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article distributed under the terms of the
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INTRODUCTION

to public health nowadays. Approximately 400 million adults are obese and
1.6 billion overweight*™.
Obesity is a multifactorial disease, mainly characterized by excessive body fat related to

The World Health Organization (WHO) considers obesity as the greatest threat

the development of important comorbidities such as type 2 diabetes mellitus, dyslipidemia,
cardiovascular disease, arterial hypertension and metabolic syndrome'#'2'3% Severe obesity
is characterized by excessive body fat, increased total body water and reduced lean mass®.

Body mass index (BMI) is an anthropometric method developed in 1832 by the
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mathematician Adolphe Quételet, aiming to determine the
ideal body mass of an individual?®. WHO recommends BMI in
the diagnose of obesity?”. However, in recent years, there has
beenincreasing debate about the development of different BMI
cutoffs for different ethnic groups, due to the growing evidence
that associations between BMI, body fat percentage and body
fat distribution differ between populations and, therefore, the
health risks increase below the 30 kg/m? cutoff', that defines
obesity in the current WHO classification®?’.

Additionally, the use of BMI for nutritional diagnosis
has limitations, once it does not represent a precise measure
of body adiposity, being unable to differentiate fat free mass
from fat mass*>1323, and may underestimate the presence of
obesity in about 40% of cases®.

With the increasing importance of the diagnosis of obesity,
it is necessary to re-evaluate the way in which body fat and
its distribution are determined?, since health risk is different
depending on the location of the fat accumulation (i.e. in the
upper or lower half of the body)82¢. The distribution of body
fat, specifically visceral (or central) fat, seems to be the link
between adipose tissue and insulin resistance, characteristic of
metabolic syndrome. It is questioned the exclusive use of BMI
in the classification of cardiovascular risk in obese individuals,
taking into consideration that even populations with low BMI
present a high prevalence of metabolic syndrome?.

Visceral fatis more associated with metabolic complications
than abdominal and peripheral subcutaneous fat. Men present,
on average, 20% or more of total fat as visceral fat, while women,
less than 10%'6. Thus, it is believed that an index based on the
disposition of central body fat may be more specific to diagnose
the obesity severity, due to the relevance of intra-abdominal
adipose tissue, currently considered a multiple-function organ'@.

The aim of this study was to propose a body mass index
based on the relationship between trunk mass and height.

METHODS

All participants signed the informed consent form. The
study protocol was approved by the Ethics Committee from
the Clinics Hospital from University of Sdo Paulo (number
01038912.6.0000.0068).

A total of 77 patients were selected from January to
October 2016, aged 18-60 years and BMI between 40-60 kg/
m?, admitted to the Bariatric and Metabolic Surgery Unit of the
Discipline of Digestive Tract Surgery, Clinics Hospital, Medicine
School, University of Sdo Paulo, Sdo Paulo, SP, Brazil.

Twenty patients were excluded due to acute or chronic
disease that caused excessive water retention (n=2), patients
bedridden or with functional limitation (n=16) or previous
bariatric surgery (n=2).

Anthropometric and body composition

Participants were weighed in light clothing, without
carrying heavy objects, in orthostatic position, with the lower
limbs parallel, without footwear, eyes straight ahead, with the
upper limbs at the side of the body and without moving, at
the center of a microelectronic scale installed on the smooth
surface to avoid oscillation (InBody 230®, GE Healthcare,
USA with 250kg capacity, with 100g intervals). The height
was measured with the feet and heels parallel, shoulders and
glutes leaning against the portable stadiometer graduated in
millimeters (Sanny®, American Medical do Brasil Ltda). BMI
was calculated using the cutoff points suggested by WHO?2627,

Body composition was assessed using a noninvasive
indirect bioimpedance method (InBody 230®), where the
participant was positioned in orthostatic position, without
moving or talking, on a platform with special supports for the
bare feet (lower electrodes) and with the upper limbs extended
holding two supports with the hands (upper electrodes). The

scale used directly measured the impedance of each body
segment at 20KHz and 100KHz sampling frequency, leading
to highly accurate results. The chemical composition of the
body fat free mass (FFM) was conventionally assumed to be
constant, with a density of 1.1 kg/m?3, with a temperature of 37°
C and a water concentration of 73%. Thus, FFM of the upper
limbs, trunk and lower limbs were calculated by multiplying the
water volume of the upper extremities (the sum of the right
and left), trunk, and lower limbs (the sum of the right and left
extremities) by 1.3727.

The following data were obtained: trunk FFM (FFMt)
and trunk fat mass (FMt), in absolute values and percentage.

To obtain the trunk height, the patients remained with
parallel lower limbs, without footwear. They were measured
using an inelastic measuring tape with a two meter length.
It was measured, by physical examination, the distance from
the seventh cervical vertebra (C7), located in the back of the
neck, to the floor and from the iliac crest (located at the back
of the hip, by physical examination) to the floor, subtracting
the second from the first measure, obtaining the trunk height.

The trunk BMI (BMIt) was calculated using the sum of the
FFMt and trunk fat mass (FMt), in kg, divided by the square of
the trunk height (m2).

The trunk fat BMI (BMIft) was calculated using FMt, in kg,
by dividing it by the square of trunk height (m?).

Indexes correction factor

To correct and adjust the BMIt and BMIft indexes, the
relationship between the trunk extension and the height was
calculated, multiplying by the values obtained: a) BMIt correction
factor: trunk (m)/height (m) x BMIt; b) BMIft correction factor:
trunk (m)/height (m) x BMIft

RESULTS

The sample consisted of 57 patients (39 women). The
mean weight and height were 125.3£19.5 and 1.63+0.09 kg,
respectively. BMI showed an average of 47+5 kg/m2

The mean patient’s trunk extension was 0.52 m, being
0.56 m in men and 0.49 m in women. The mean FFMt was 29.1
kg and the mean FMt was 27.2 kg (Table 1).

TABLE 1—- Anthropometric values and trunk body composition

Variables (n=57) Mean +SD Minimum Maximum
Trunk (m) 0.52 + 0.1 0.29 0.68
Trunk FFM (kg) 29.1 +48 20.3 43.5
Trunk FM (kg) 27.2 +37 17.3 34.7
Trunk FFM + FM (kg) 56.2 7.7 38.7 75.1

FFM=fat free mass; FM=fat mass

The results of the BMI are shown in Table 2. Applying the
index correction factor, the mean corrected BMIt was 66.62 kg/
m? and 32.32 kg/m? for the corrected BMIft.

TABLE 2 — Body mass indexes

BMI (n=57) Mean + SD Minimum Maximum
BMI (kg/m?) 470 50 394 58.9
Trunk BMI (kg/m?) 216.1 +544 144.0 350.0

Corrected Trunk BMI (kg/m?) 666 + 103 365 87.0
Trunk fat BMI (kg/m?) 1049 +279 62.1 1744
Corrected Trunk Fat BMI (kg/m?) 323 +58 18.8 442

BMI=body mass index

Outof the 39 patients with obesity class Ill, BMIt reclassified
37 patients (95%): nine (24%) were classified as super obese
(BMI>50 kg/m?) and 28 (72%) as super-super obese (BMI>60
kg/m?3).

Out ofthe 16 super obese patients (28%), BMlIt reclassified
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13 patients (81%) as super-super obese.-

Only four patients maintained the obesity classification
afterusinf BMIt, and only one reduced the obesity classification
(Table 3).

TABLE 3 — Patients body mass index reclassification after
applying the correction factor

Patients Mean BMI Mean correctecd

(n=57)  (kg/m?) Classification BMIt (kg/m?) Reclassification

13 53.15 super obese 69.95 super super obese
3 54.65  super obese 55.68 super obese
28 4525 class I 71.57 super super obese
9 43.58 class IlI 56.06 super obese

1 43.69 Class Il 48.87 class Il

1 48.06 class IlI 36.52 class Il

2 39.68 class Il 63.55 super super obese

BMI=body mass index; BMIt=trunk body mass index

DISCUSSION

One of the main objectives of determining body composition
is to estimate the amount of body fat, related to the presence
of systemic diseases, morbidity and mortality?. It should be
emphasized that the simple measurement of body mass is not
able to identify the lack or excess of body components (fat
mass, muscle mass, water, and bone mass)?.

BMI is recommended for its convenience, safety and
simplicity'™. However, there are important limitations related to
interpretations that should be considered, such as age, gender,
and ethnicity'>?. In addition, BMI does not estimate body fat
mass, thus limiting its accuracy in the diagnosis of obesity2°%2.

There is no consensus on the best method for body
evaluation in patients with severe obesity?. In the literature,
some studies suggest new parameters for the evaluation of
body composition and classification of nutritional status by
body fat percentage, such as body fat index (BFI), which uses
only anthropometric measures such as hip circumference and
stature>'*?° and reciprocal ponderal index (RPI) in which are
considered the individual height and weight’.

BFlis afast, inexpensive and non-invasive method that was
developed with Mexican American adults to estimate percentage
of body fat®. Studies have shown that its performance was not
consistent in other populations with different characteristics
fromthose used inits development and validation®. For Chinese
population BFI underestimated the percentage of body fat
when compared to bone densitometry measured by DEXA
(dual energy X-ray absorptiometry). Thus, BFl is not better as
an indicator of cardiovascular risk compared to BMI*.

In a study with 102 Brazilian women with BMI 26.9+3.1
kg/m?, the percentage of body fat obtained by DEXA and BFI
were compared, with averages 36.9% and 33.6%, respectively.
BFI showed low agreement and accuracy, varying according to
age, gender and ethnicity®. A study with 433 patients with severe
obesity compared BFl and noninvasive indirect bioimpedance
with an already validated equation adapted for this population
to calculate the percentage of fat, and found limitations in BFI
method for this population?.

Reciprocal ponderal index (RP1)%, calculated by the
equation: height (cm)/weight (kg)'3, has as cutoff points >44:
underweight, 41-44: normal and <41: overweight. It shows
greater mathematical logic and less influence of extreme
height, since weight is a cubic variable and height is linear,
when compared to BMI™. The use of RPI, which also does not
discriminate fat free mass and fat mass, would, theoretically,
have the same limitations as BMI”'°. However, when it is used
for the diagnosis of overweight and obesity, compared to the
percentage of body fat the result is lower, especially in women,
and also, RPI is directly influenced by age and gender’.

A study with 530 Japanese Brazilians with a prevalence

of overweight and central adiposity (ratio between waist and
hip circumference) of 22% and 67%, respectively, showed
that individuals with central adiposity had higher glycemia,
triglycerides, total cholesterol, low-density lipoprotein and
lower high-density lipoprotein rates compared to those without
overweight and central adiposity™.

A review with 433 articles showed that non-invasive
indirect bioimpedance (with specific equations) and BFI are
inexpensive and non-invasive methods that are available and
can be routinely used to estimate body fat2.

Central obesity, characterized by the accumulation of
trunk and abdomen fat, has as one of its components, visceral
abdominal fat, which its thickness is of great importance as an
indicator of cardiovascular risk®.

The development of an index that is more objectively
evidence the relation of trunk mass and fat distribution can
contribute to obesity classification and its relationship with
associated diseases. In this study 96% of the obese patients
class Il had increased obesity class (for super and super-super
obesity), demonstrating the usefulness of using trunk BMl as a
new proposal for the evaluation of obese patients in bariatric
surgery programming.

CONCLUSION

The trunk body mass index is an accessible and practical
anthropometric method, which allows the reclassification of
BMI based on trunk mass distribution, evidencing more clearly
the severity of obesity.
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