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Summary. Obesity is a growing public health problem, which often leads to severe comorbidities that can 
reduce quality of life and living expectancy. Overweight is caused by a greater food intake compared to the 
energy expenditure, which involves an excessive deposition of body fat. The distribution of adipose tissue also 
varies depending on sex, whereas men usually show android-type obesity, or visceral adiposity, women exhibit 
more commonly a deposition of fat involving the gynoid gluteo-femoral or subcutaneous type. Overweight 
and obesity are accompanied by a series of clinical manifestations, being the most common hyperglycemia, 
hypertriglyceridemia and high blood pressure, which may depend on body fat distribution. Consequently, not 
only promoting initiatives to adopt a healthy lifestyle based on recommended dietary models and an active 
living is necessary, but also having reliable techniques for body fat determination. Besides the Body Mass In-
dex (BMI), whose limits on the correct quantification of body fat are known, nowadays diverse approaches for 
fat measurement are available. In addition, the assessment of body fat could be achieved also through complex 
methods such as Bioelectric Impedance Analysis (BIA), Dual-Energy X-Ray Absorptiometry (DXA) and 
Total Body Electrical Conductivity (TOBEC), which may be complemented by approaches to categorize/
differentiate obese individuals through classification systems and scores. Indeed, adequate measurement of fat 
is required for obesity characterization and for management purposes as reported in this review.
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Introduction

According to WHO 2016 data (1), worldwide 
obesity has tripled in the last 40 years, reaching over 
1.9 billion overweight adults and 650 million obese 
adults (39% and 13% of the population, respectively). 
The excess of adiposity in childhood is ​​set at around 
41 million for children under 5 years, and above 340 
million (18% of the population) for those between 
5-19 years (2). For a long time, obesity and being over-
weight were only considered problems of developed 

regions, however, the phenomenon is continuously 
expanding, and it is not uncommon to find transi-
tion countries featuring simultaneously problems of 
undernutrition and obesity (3). Two common forms 
of obesity have been defined, one being primary (or 
essential) obesity, which arises from a chronic imbal-
ance between excessive caloric intake (4) and reduced 
energy expenditure (5), whose subsidiary causes are 
related to multifactorial etiologies, where the interac-
tion of the genetic make-up (from 5-70% of the influ-
ence) and environmental factors (6) may be involved. 
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Secondarily, weight excess which affects about 3-5% of 
the overweight/obese population is caused by a known 
pathological condition such as monogenic origin (7), 
endocrinological disturbances and iatrogenic side-
effects associated with the administrations of drugs 
(8), among others.

Obesity is a severe medical and physiopatho-
logical condition characterized by an excessive body 
weight-for-height due to the accumulation of adipose 
tissue (9). Excessive fat accumulation leads to negative 
consequences in personal quality of life and nutritional 
well-being, life expectancy, public health and sanitary 
costs (10,11), as well as a higher incidence of non-
communicable chronic diseases and clinical outcomes 
(12). In fact, the enlargement on the adipose tissue 
favors the onset of serious clinical manifestations or 
morbid conditions (13) such as insulin resistance, type 
2 diabetes mellitus, hypertension, dyslipidemia, car-
diovascular diseases, musculoskeletal disorders and 
cancers (14), which can be related to fat accumulation 
and to the anatomical location of adiposity (15), which 
need to be adequately assessed.

While obesity can be qualitatively referred, as the 
excessive accumulation of adipose tissue, it is impor-
tant to be able to find an approach for a reliable quan-
tification of body fat, which is accurate, precise and 
reproducible (16) to achieve a personalized manage-
ment of this condition, requiring a valid estimation of 
adiposity distribution.

Interestingly, for clinical purposes, obesity has 
been classified as android (or visceral), which is charac-
terized by a large adipose deposition in the abdominal 
area, gynoid (or subcutaneous), with the deposition of 
adipose tissue in the gluteal-femoral area and mixed, 
with homogeneous distribution over the whole body 
(17) with different impact on morbidity and mortality 
(18). Another categorization can be based on nutri-
types, depending mainly on age, sex, physical activity 
and fat mass (19), which is highlighted through the 
definition of cut-off points of waist circumference 
(WC) and TyG index (WC-TyG). In this context, 
the hypertriglyceridemic waist phenotype has a nega-
tive influence on a person’s quality of life, influencing 
the onset of metabolic syndrome (MetS) related fea-
tures (20). Additionally, the Framingham Risk Score 
method evaluates the risk of cardiovascular disease 

(21), while the Obesity Surgery Mortality Risk Score 
(OS-MRS) classifies the risk of mortality in 3 groups 
depending on the obese/overweight phenotype (22).

As the importance of accurately estimating an 
individual’s body fat becomes evident, the purpose 
of this manuscript is to analyze and appraise some of 
the available methods (anthropometric and complex 
approaches) that allow reliable and reproducible clas-
sifications of obesity and the quantification of body 
fat, under qualitative and quantitative scopes. Fur-
thermore, a second objective is to examine approaches 
able to categorize obesity depending on the type of 
fat distribution and in the severity of fat accumulation 
related manifestations for individualized management 
of the excessive fat reserves.

Methods

A narrative review was conducted through a 
search of the scientific literature to collect methods for 
body fat measurements and to provide a global view 
of obesity classification approaches. Due to the broad 
thematic field, it was decided not to conduct a formal 
systematic review, but a structural screening (23).

Data searching process 

A pre-defined search was conducted during 
March/April 2019, where PubMed and ScienceDirect 
databases were the screening engines through which 
all references were accessed, using as keywords ‘obe-
sity’, ‘fat’, ‘body fat assessment’, ‘body fat estimation 
in human’, ‘body fat measures’, ‘body fat percentage’, 
‘predicting body fat equation’, ‘measures of obesity’, 
‘adiposity estimation’ and ‘adiposity assessment’, 
where more than 4900 items have appeared and ana-
lyzed. Relevant research, originals and review articles 
were selected based on the title and abstract, or from 
the full text when information in the abstract and title 
was absent or unclear. In addition, the World Health 
Organization web page was consulted when necessary 
(24). The research was further extended by seeking 
sources cited in the selected publications, according 
to the authors criteria for relevance and adaptability 
to the study.
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The references were selected according to an 
inclusion criteria that covered the entire adult 
world population (or at least Caucasian), with 
validity for both sexes and written in English or 
Spanish language (25). Indexes that can be used 
to classify obesity, anthropometric tools for 
measuring the body fat percentage and complex 
techniques with direct measurement of adipose 
tissue have been selected. Consequently, ani-
mals, children, athletes, elderly, gender-specific 
tools and other languages terms were excluded.

Results

Following these search criteria for the adult 
population, the results obtained were distributed into 
3 tables according to the variables. For the anthro-
pometrics measures, 18 references were retrieved, 
complying with the inclusion criteria, to draw up the 
Table 1 consisting in 16 indexes for the calculation of 
fat mass proportions. These methods can be differen-
tiated according to the variables that are considered 
for subsequent quantification. There are formulas that 
provide an estimation of the percentage of fat mass 

with variations depending on sex, formulas that do 
not take into consideration the sex of the person, and 
formulas that consider the sex when calculating fat 
mass. In this last search, two groups can be distin-
guished: one including sex as a variable in the equa-
tion, and the other that use two different equations 
based on sex (Table 1). 

When calculating fat mass, most of the formulas 
accounting sex as a variable in the equation are based 
on age, BMI and gender, giving a score of 0 in women 
and 1 in men, or vice versa. There are also other equa-
tions that besides being based on these parameters 
also include waist circumference, where the score is 1 
for men and 0 for women variables. Of the final set 
of equations that incorporate the sex variable, one 
is based only on sex and anthropometric parameters 
and the other additionally takes into account skinfold 
thickness. There are formulas that give an estimation of 
the percentage of fat mass with two variations depend-
ing on sex. Some of them are based only on the BMI, 
others on age and different skinfold thicknesses, and a 
last one based on age and waist circumference. 

Concerning complex methods for fat assessment 
(Table 2), 16 references were found to measure body 
fat. Among these, the most important difference was 

Figure 1. Flow chart of the process carried out for the achievement of the review.
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based on the procedures, on the costs of the equip-
ment, and on the different principles of the measure-
ment, where the equipment for measuring fat mass 
are based. These tools are clearly the most expensive, 
but they provide a more reliable assessment of body 
composition. 

Finally, the focus of our research allowed to select 
16 references concerning obesity categorization and 
nutritypes/obesotype (Table 3), that are important for 
obesity classification. The most used index to classify 
obesity is the body mass index (BMI), based on the 
individual weight and height, allowing to estimate 
adiposity in both men and women. In addition to the 
definition of the BMI cut-off values ​​for overweight 
and obesity, there are methods that make possible the 
classification of obese subjects into groups based on 
the relative risk of comorbidity due to excess body 
weight, as the Edmonton Obesity Staging System 
(EOSS), which classify obesity in a five-item score 
based on risk factors, representing a reliable scale for 
the prediction of mortality, the Framingham Risk 
Score (FRS), an algorithm used to the 10-year car-
diovascular risk estimation of an individual due to the 
influence of obesity and the Obesity Surgery Mortal-
ity Risk Score (OS-MRS), which assesses people into 
3 groups basing on the risk of mortality as a conse-
quence of weight loss surgery.

Discussion

Obesity results from complex interactions 
between unbalanced dietary habits, physical inactiv-
ity, genetic factors, socioeconomic status, and cultural 
factors that are accompanied by diverse comorbidities, 
which often require chronic treatments (26). This dis-
ease is a public health problem with a huge worldwide 
incidence that has nearly tripled since 1975, causing 
major risk of non-communicable diseases such as car-
diovascular events, diabetes, musculoskeletal disorders 
and some cancers (1).

Initially, obesity management is based on educat-
ing maladaptive eating habits and insufficient physi-
cal activity, accompanied by psychological support to 
favor diet/regime compliance (27). When these treat-
ments prove to be inefficient, it is possible to prescribe 

drugs aimed at weight loss and maintenance like Orl-
istat and Liraglutide (28). In the presence of severe 
obesity and proven failure to follow energy restricted 
diets, or an eventual pharmacological response, it may 
be necessary to apply surgical therapies such as Gas-
tric banding, Gastric Bypass, or Gastric Balloon (29), 
where body fat evaluation is required to follow the 
treatment outcome.

Due to the complexity of obesity features, there 
are numerous classification methods, such as those 
based not only on anthropometrics (30), which are 
useful to indirectly measure body fat proportions; but 
in complex methods (31) to measure adipose tissue or 
nutritypes/obesotype (20), which allow the categoriza-
tion of individuals according to phenotypical and life-
style factors related to excessive adiposity.

The assessment of body fat through skinfold 
thickness is a highly utilized method due to recognized 
simplicity and low cost (32). The main drawback of 
measuring skinfold thickness, which evaluates subcu-
taneous fat without considering the visceral depots, is 
not only due to the variability depending on the dif-
ferent personnel that performs the evaluation, but 
also due to the inefficient opening of the caliper and 
the difficulty in grabbing skinfolds in the obese (33). 
For these reasons and others, numerous equations 
have been developed over the years to determine fat 
mass percentage. One of such equations was devised 
by Jackson and Pollock (34) and designed to estimate 
body density based on the sum of the chest, triceps 
and subscapular skinfolds in men, and triceps, suprail-
ium and abdominal skinfolds in women, which is then 
converted into a percentage of fat mass using the Siri 
equation (35). In this context, the Siri and Brozek 
methods are some of the traditional approaches that 
are employed for quantifying fat mass percentages 
through the calculated body density which, among 
different strategies, can be assessed using triceps skin-
folds for Siri, or the sum of the triceps, biceps, sub-
scapular fold and iliac crest for Brozek method (36), as 
described by Visser et al. equation (37).

Thus, Body Adiposity Index (BAI) makes an esti-
mation based on the height and circumference of the 
hip (38), while Body Roundness Index (BRI) takes 
into account waist circumference and height (39). 
From the BAI, a modified formula called Modified 
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Body Adiposity Index (MBAI) can be obtained, allow-
ing the more accurate calculation of body fat without 
the limitations of BAI (40).

As previously mentioned, the predictive formulas 
of body fat percentage differ according to the variables 
considered, including age, BMI and gender (41,42,43), 
with the possibility of merging the waist circumfer-
ence (44), anthropometry and skinfold thickness (45). 
Furthermore, the equations that are differentiated for 
the sex, could consist only on BMI (46,47), on age and 
skinfold thickness (48,49,50), and on age and waist 
circumference (51).

There are a number of tools and instrument that 
measure body composition such as those using imag-
ing such as Dual-energy X-ray absorptiometry (DXA) 
and Computed tomography (CT). Both offer infor-
mation on body composition, with DXA being more 
complete, complex, requires trained personnel, and 
with higher cost and execution time, but also provides 
information on bone density (52,53). On the other 
hand, bioelectrical impedance analysis (BIA) and 
total body electrical conductivity (TOBEC) estimate 
body composition through electrical conductivity. BIA 
allows to reach reliable results quickly, inexpensively 
and radiations-free (54), while TOBEC is a least used 
method due to its high cost, despite high precision 
(55,56). Given the growing application of BIA as a 
method of measuring body composition, studying the 
accuracy, intra-individual variability and repeatability 
is necessary to improve interpretation (57). Alterna-
tively, near-infrared interactance (NIR), is an inexpen-
sive, easy and fast method, although it is not precise 
enough, which uses the light of several wavelengths 
to discriminate fat/muscle tissues content (58). Finally, 
ultrasound is a low cost method, where high trained 
personnel uses sound waves to measure fat and muscle 
thicknesses in humans in a non-invasive and radiation-
free ways (59).

Furthermore, both hydrostatic weighing (HW) 
and air displacement plethysmography (ADP) are 
considered reference techniques of densitometry for 
body composition assessment. The difference between 
them is that ADP uses air displacement, being a 
quick, safe and automated process (60), while HW 
uses water immersion, resulting useful for research, 
but less applicable due the principle of utilization and 

cost (61). Another way to measure body composi-
tion is through the 3D body scanner, which provides 
a suitable graphical representation of the body in a 
relatively inexpensive, radiation-free and automated 
collection of hundreds of measurements (62). Mag-
netic resonance imaging (MRI) permits to obtain 
information about the structure and composition of 
the body to be analyzed through the properties of the 
atomic nuclei, which is a non-invasive method with 
the limitations of being expensive, slow and still on an 
experimental stage (63). 

Another precise method is isotope dilution, based 
on adding a known amount of an isotopic rich sub-
stance to quantify the amount of the chemical con-
tent in a body (64), which is inconvenient for clinical 
use. Total body water (TBW) or hydrometry and total 
body potassium (TBK) are two costly methods of iso-
topic dilution commonly used for the estimation of 
body composition (65). The first is safe and based on 
the principle that water is distributed in all parts of 
the body except body fat (66) and the second, which is 
faster and more precise, focuses on the principle that 
the proportion of total potassium found in human tis-
sue is quite constant (67). 

By evaluating the level of the urinary creatinine 
output, it can be estimated the muscle mass of a sub-
ject, and consequently measure the body composition 
in a non-invasive way (68). Neutron activation analysis 
provides direct measurement of total body elements in 
the human body, based on the activation of the excited 
states of the neutrons (69). A direct calculation of 
total body fat is based on the absorption from a closed 
respiratory system of cyclopropane, a fat-soluble gas. 
Despite being a proved successful method in rats, it is 
difficult to apply in humans (70).

All of these indexes provide the estimation of fat 
mass percentage, while others are used to classify obe-
sity (71). The most commonly used index for obesity 
classification is BMI (72), which can gauge the fat con-
tent of a subject (73), taking into account the weight 
and height (74), with the limitation of not directly 
considering the body composition of the person (75). 
The classification of the severity of the physiologi-
cal condition of the individual in categories ranges 
from underweight to severe obesity (76,77). Other 
methods of classification are those that measure the 
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relative risk of diseases due to excessive body weight. 
An example of this is the Edmonton Obesity Staging 
System (EOSS), which let us categorize obese peo-
ple based on the presence of dysfunctions associated 
with excessive adipose tissue (78,79). Using a detailed 
gender-specific algorithm, with the Framingham Risk 
Score (FRS), an estimation of the obesity influence on 
the future 10 years cardiovascular risk for the possible 
development of a coronary heart disease is achiev-
able, where the limitation of this scale is the failure in 
predicting cardiovascular events (21,80). The Obesity 
Surgery Mortality Risk Score (OS-MRS) could be a 
useful tool to assess patients undergoing body weight 
loss surgery into 3 groups based on the risk of mor-
tality, as it is based on the risk of developing post-
operative complications (22,81).

Furthermore, obesity can be classified by taking 
into consideration body circumference such as waist 
circumference (82,83), neck circumference (84), sagit-
tal abdominal diameter (85,86), hip circumference and 
parameters such as height and weight. Some of them 
are used together to obtain indices such as Waist-to-
Height Ratio (87), Waist to Hip Ratio (81,88) and 
Conicity Index (89,90), related to morbidity risks 
associated to obesity.

To sum up, the predictive equations for body fat 
percentage are highly used since they do not require 
specific material, are cheap as they are based on 
anthropometry and may consider variables such as 
sex and age, although they do not provide the perfect 
measurement. Complex methods provide more reliable 
information but are more expensive and require spe-
cific devices. Finally, the scores for the classification of 
obesity turn out to be good indexes for the subdivision 
of overweight or obese subjects into categories, linked 
to the risk of comorbidity or even mortality for diag-
nosing and management purposes.

Conclusion

The early identification of excess body fat could 
help to promote health worldwide, which explain that 
the analysis of body composition is of great interest. 
There are numerous available techniques that safely 

and suitably provide information on body composition 
in humans throughout a lifetime, but no gold standard 
has been yet recognized. All these methods are use-
ful for quantifying and classifying obesity, allowing the 
calculation and risk prediction of the consequences 
associated with excessive body fat. Nowadays, BMI 
is the predominant tool when calculating body com-
position, however, it has some limitations. Therefore, 
knowing the advantages and disadvantages of the dif-
ferent methods of body fat measurement could allow 
us to determine and select the most suitable technique 
for each type of need, diagnosing classification and for 
monitoring clinical outcomes of subjects with exces-
sive adiposity.
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