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ABSTRACT

Background: The body mass index (BMI) was described back in 1832 by Adolphe
Quetelet and then was validated by Ancel Keys in 1972. BMI is the ratio of body
weight expressed in kilograms, divided by height expressed in metres squared.
Methods: The aim of this review was to discuss the different criteria used for the
assessment of BMI in adults and children, and to provide practitioners and
researchers with the tools and information they need based on the established
international BMI norms, in order to conduct an appropriate weight assessment.
Results: Although the BMI score is calculated in the same way for children and
adolescents as the one for adults, the criteria used for weight assessment are
different, due to the fact that the BMI in children varies significantly with age. The
BMI score in children and adolescents is compared against reference charts for
children of the same age and gender, and it is thereby transformed into a
percentile score. The assessment of each individual as obese, overweight, normal,
underweight, severe thinness is then made based on this percentile score.
Discussion: Even though the BMI is the most popular anthropometric index, its main
drawback is that it does not distinguish between fat and muscle tissues, and,
therefore, the BMI might be an inappropriate method for assessing body weight in
some people.

Conclusions: It is recommended that BMI is used in combination with other
anthropometric parameters for more accurate results when assessing elite athletes,
including child athletes.
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INTRODUCTION

Anthropometry is one of the most widely applied
methods to assess the size, proportions and
composition of the human body, and it is universally
applicable, inexpensive, non-invasive, and can be
used to predict health, performance and survival of
individuals and populations (1). In order to record
accurate results, however, it is essential to follow
strict anthropometric data-recording instructions (2,
3).

After the Second World War, the link between
human weight and cardiovascular diseases was the
subject of many epidemiological studies. The obesity
rate increased exponentially over the next few
decades, and, therefore, the World Health
Organization (WHO) identified this as a global
epidemic which threatens public health (4).The WHO
reported that overweight / obesity was one of the
leading risks for human health (5). Obesity has
increased nearly twofold around the world since 1980,
with 11% of men and 15% of women being obese in
2014, and about 43 million children under the age of
5 being overweight in 2013, which accounts for more
than 1 in 4 children worldwide, according to recent
WHO reports (6, 7). In Europe, around one third of
children were classified as overweight, and the
obesity rate in children and adolescents has increased
tenfold since the 1970s (8). The United Kingdom has
not only one of the highest obesity rates in Europe,
but also amongst all of the other developed countries
throughout the world (8-10). Twenty-three percent of
children between the ages of 4 and 5, as well as
thirty-three percent of those between the ages of 10
and 11, are overweight or obese (9).

What is Body Mass Index (BMI)?

The most appropriate index for determining healthy
weight was considered to be the Quetelet index,
described back in 1832 by Adolphe Quetelet. He was
born on 22 February, 1796 in Ghent (Belgium), and
was the fifth of nine children in his family. Adolphe
was an exceptionally talented student, receiving
many prizes in algebra, geometry, grammar and
drawing in secondary school, as well as being the
first recipient of a doctorate in science from the
University of Ghent at the age of 23 (11). His studies
led him to conclude that a person’s weight increases
as the square of their height, except during the spurts
in growth after birth and during puberty.
Subsequently, this concept was known as the
Quetelet Index until it was renamed as the Body Mass
Index (BMI) in 1972 by Ancel Keys (1904-2004),

who confirmed the validity of the index in his
research (11, 12).

Today BMI is often used for the classification of a
person’s weight as underweight, normal, overweight
or obese. Maintaining a healthy body weight
throughout a person's lifespan helps maintain good
health and reduces the risk of many chronic diseases.
The British Government applies BMI as a method for
assessing the weight of its population and for
promoting a healthy lifestyle (9).

METHODS
The aim of this review was to describe the different
criteria used for the assessment of BMI in adults and
children, and to provide practitioners and researchers
with the tools and information they need, in order to
conduct an appropriate weight assessment based on
the established international BMI norms.

The sources for this systematic review were
collected from bibliographic databases (MEDLINE,
Google Scholar, Microsoft Academic, PubMed, Web
of Science and ResearchGate), reference lists from
pertinent review articles and WHO reports up to
February 2020. The following keywords were used in
various combinations during the electronic searches:
body mass index, BMI, assessment, weight, children,
adolescents, adults, international norms, limitations,
anthropometric index, Quetelet index, athletes.
Following a review of titles and abstracts, more than
50 sources were selected, which included original
research articles, technical notes, reviews, and WHO
reports written in English. The selection of these
sources was based on the following inclusion criteria:
studies that reported on the development of the
international norms of BMI around the world, the
methodology used for assessment of BMI in children
and adults, as well as the possible limitations or
inaccuracy of the BMI.

RESULTS

BMI assessment in adults

The BMI is the ratio of body weight, which is
calculated as body weight divided by height in metres
squared.

BMI (kg.m?) = Body weight (kg)* [Body height (m)]”

For example, for a person with a weight of 66 kg and
height of 166 cm, BMI = 66 kg*(1.66 m)? = 66*2.767! =
23.91kg.m™

The formula for using pounds and inches is as
follows:

BMI (kg.m?) = 703*Body weight (Ib) *[Body height (in)]” |
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For example, for a person with a weight of 150 lbs
and height of 5’5" (65"), BMI =

703*[150%(65)2] = 24.96 kg.m™

This ratio is then assessed by comparing it to the
most commonly used definitions, established by the
WHO (13), (Table 1), in order to evaluate a person’s
weight: underweight (score of under 18.5 kg.m?),
normal (18.5-24.9 kg.m?), overweight (25-29.9 kg.m"
2) or obese (over 30 kg.m).

Table 1. Interpretation of the BMI results [kg.m?] for adults,
established by the WHO (13)

18.5-24.9 Normal weight
25.0-29.9 Overweight

BMI assessment in children and adolescents

The BMI score is calculated in the same way for
children and adolescents, as for adults. However, the
criteria used for weight assessment are different,
because the norms for BMI in children vary
significantly with age (14-17). For instance, in a new-
born child, the BMI median is 13 kg.m?, and it rises
to 17 kg.m™ for a 1-year-old child, then decreases to
15.5 kg.m? for a 6-year-old child, and reaches 21
kg.m for 20-year-old adults (16, 18). Moreover, the
amount of body fat changes with age and differs
between girls and boys, so BMI age- and gender-
specific percentile scores are applied for the accurate
assessment of children and adolescents (19).

After calculating the BMI in children and
adolescents, the score is then compared against
reference charts (Figurel) for children of the same age
and gender, and then it is transformed into a percentile
or a Z-score (17, 20). For example, if a 10-year-old
boy has a percentile score of 95, this means that his
BMI is higher than 95 for every 100 boys at the age
of 10. Percentile scores, commonly known as 5th,
85th, 95th, 97th percentiles, and Z-scores (-2, +1, +2,
etc.) are the most widely applied methods for
assessing physical development in children (21). The
Z-scores show deviation from the mean value against
the reference values and are used interchangeably
with the percentile scores (18).

International norms for the assessment of BMI in
children and adolescents

In 1993, the WHO reviewed the norms (also called
references or curves) for children, published by the
National Centre for Health Statistics (NCHS), which

were used worldwide as a benchmark from the 1970s.
This review showed that changes in the reference
curves of the norms were needed in order to present
the adequate development in early childhood (22,
23). Moreover, due to some significant technical
drawbacks of those norms, it was recommended that
they should be updated or replaced (24).

Cole et al. published international norms for the
assessment of overweight and obesity in children
between the ages of 2 and 18 years (16), but those
norms provided only cut-off points without full
percentile scores. Then they were adopted by the
International Obesity Task Force (IOTF), and
subsequently supplemented with cut-off points for
estimating underweight levels in children (25). In
2000, the American Center for Disease Control and
Prevention (CDC) published American norms with
percentile scores for children and adolescents (19).

The existence of many different references(NCHS,
CDC, IOTF) for the weight assessment in children
and adolescents worldwide, as well as their
limitations, created a need for the development of new
international norms with a full set of percentile
scores (26).

From 1997 to 2003, the WHO conducted the
Multicentre Growth Reference Study (MGRS), which
included children from six different parts of the
world: Brazil (South America), Ghana (Africa), India
(Asia), Norway (Europe), Oman (Middle East) and
the United States of America (North America) (27).
The participants in this study were infants and young
children < 5 years of age. A strong similarity in the
growth and development of the children from
different ethnic groups, who were enjoying a similar
standard of living, was observed. This justified the
inclusion of children from all six selected places and
provided uniform international norms for tracking
weight and physical development at this age (28, 29).
The diet of the participants in the MGRS study
was evaluated to be adequate for their needs and
physical development (30). Moreover, a high level of
reliability of the anthropometric measurements was
observed, which was an indicator of the quality of the
MGRS study (31, 32).

Prior to the implementation of the new
international norms for infants and young children,
they were tested in four countries (Argentina, Italy,
Maldives and Pakistan), and the data confirmed that
the new curves were technically and clinically
reliable (33). The WHO published the 2006 MGRS
norms for height, weight and BMI, and in 2007 added
references for triceps and scapula skin folds and arm
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circumference (23). When those new WHO norms,
based on a sample of healthy infants (34), were
compared with the 1977 NCHS norms, it was
concluded that the WHO references provided a better
tool for monitoring the rapid and changing rate of
growth in early infancy (35). The same conclusions
were made when comparing the WHO norms with
the American (CDC 2000) references (36). In a study
on the diagnostic accuracy of the WHO, CDC and
IOTF norms, it was found that the WHO
references seemed to provide a better assessment of
overweight and obesity, and the IOTF curves seemed
to identify obesity more accurately for Portuguese
children (37).

In 2007, the WHO updated the NCHS references
for children and adolescents, from 5 and 19 years of
age, with new norms, which complied with the
existing norms for infants and pre-school children
(MGRS), as well as the overweight and obesity
curves for 19-year-olds. This provided new
international norms with a full set of percentile scores
for BMI in children and adolescents (38). The new
WHO norms were reported to represent normal
physical development under optimal environmental
conditions, and, therefore, those references can be
applied to assess the weight, growth and development
in children from all over the world, regardless of their
ethnicity, socioeconomic status or diet (39). By 2011,
more than 120 countries around the world adopted
these new WHO norms and implemented them in
their national programmes (40).

Cole and Lobstein reformulated the IOTF curves
for BMI in children from 2 to 18 years of age, and
published them as extended international IOTF
references, enabling these values to be expressed as
percentile and Z-scores (41). A recent study on the
similarities and differences between the updated
IOTF, CDC and WHO references, concluded that all

three classifications showed significant compliance,
and, therefore,they could be  considered
comparable (42).

For the assessing of BMI in children and
adolescents from 5 to 19 years of age, the WHO
provides the following classification: obesity > 97
percentile, overweight 85-97 percentile, underweight
< 15 percentile, severe thinness < 3 percentile (43).
However, the American Center for Disease Control
and Prevention (CDC) uses slightly different cut-offs:
obesity > 95 percentile, overweight 85-95 percentile,
underweight <5 percentile (20). The BMI
classification published by the WHO and the CDC is
presented in Table 2. In previous American
publications, different terminology for children and
adolescents (with a percentile score higher than 85
and 95) was employed: overweight risk 85-95
percentile, overweight > 95 percentile (44), but in
recent years the term "obesity" (> 95 percentile) has
been used (45), and the term "overweight" (85-95
percentile) has been recommended instead of
"overweight risk" (46).

The WHO developed comprehensive software
programs to enable physical education teachers,
sports coaches and sports scientists to track and
assess the physical development of children and
adolescents. The first release of this software was in
2006 and included "WHO Anthro" for infants and
pre-school children, and "WHO AnthroPlus" for
children older than 5 years of age. Both software
programs are available freely on the official website
of the WHO (47). The software automatically
calculates the percentile and Z-scores for height,
weight, and BMI in accordance with the age and
gender of each child, based on the new
international norms. The latest version 3.2.2,which is
currently in use (47), was released in 2011 (Figurel).

Table 2. Classification of the BMI in children, adolescents and adults, according to the American Center for Disease Control and Prevention

(CDC) and the World Health Organisation (WHO)

BMI classification and adolescents

Normal weight >15t0<85

‘WHO perec. scores for children

BMI (kg.m?)
for adults

CDC pere. scores for children
and adolescents

>5t0<85 >18.5t0 <25

Overweight > 85 to <97

>85t0 <95 >25t0 <30
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Figure 1. Software "WHO Anthro" and "WHO AnthroPlus"

for the calculation of BMI’s percentile and Z-scores of children

and adolescents, based on the international norms (47).

DISCUSSION

Although BMI is the most popular and widely
preferred anthropometric index (17, 48, 49), its main
drawback is that it does not distinguish between fat
and muscle tissues. Therefore, some authors
reported that BMI might be an inappropriate method
for assessing body weight in elite athletes from
power sports, people with high levels of physical
activity, as well as fitness enthusiasts (12). Garn et
al. reported that BMI is highly influenced by body
proportions (relative leg length or relative sitting
height), in situations where shorter-leg-individuals
have higher BMI values by as much as 5 units, and
those with narrower chest sizes and longer legs have
a lower BMI (50). It has been recommended that
BMI be wused in combination with other
anthropometric parameters for more accurate
assessment (51). One such parameter is waist-to-
height ratio (WHtR), which has been increasingly
used in the assessment of the weight of children and
adolescents, because unlike BMI, WHtR is poorly
correlated with age, and this reduces the need to use
age-specific and gender-specific reference values
(52). Body fat percentage as well as parameters for
muscle hypertrophy, such as handgrip strength, arm
circumference and upper arm muscle area, are also
recommended to be considered together with BMI
for the assessment of young athletes (53-57).

CONCLUSIONS

BMI is a widely used parameter to assess people’s
body weight, and it is often applied in order to
promote a healthy lifestyle. The BMI score is
assessed by comparing it to the definitions
established by the WHO for adults, and by
comparing it against age and gender-related
reference charts for children. When assessing elite
athletes, including children, it is recommended that
BMI be wused in combination with other
anthropometric parameters in order to obtain
accurate results.
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