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Objectives: Anthropometric variables are used to evaluate health, dietary status,

disease risks, and changes in body composition. The purpose of this study was to

compare weight, height, and Body Mass Index (BMI) with American references from

the National Center for Health Statistics (NCHS-2012), using BMI and Tri-Ponderal

Mass Index (TMI) to propose percentiles for evaluating nutritional status of children,

adolescents, and adults, ages 5–80 years old.

Methods: A descriptive cross-sectional study was conducted in 15,436 (8,070 males

and 7,366 females) children, youths and adults in the Maule region (Chile). The age range

ranged from 5.0 to∼80 years of age.Weight and height were assessed. Bodymass index

BMI and tri-ponderal mass index (TMI) were calculated. The LMS method was used to

generate percentiles.

Results: The results illustrated that children were heavier and had more BMI during

childhood compared to the NCHS references. During adolescence, reference values

were greater until approximately ages 70–79. For height, children were relatively similar

to those of the NCHS references, but during adolescence, differences became evident.

Adolescence until approximately age 80, the population showed lower values for height.

Percentiles were calculated using BMI and TMI by age range and sex. Differences

occurred between the American NCHS references and the population with regard to

the anthropometric variables of weight, height, and in BMI.

Conclusion: Discrepancies with the American NCHS reference were verified in the

anthropometric variables of weight, height and BMI. Reference percentiles of BMI and

TMI were developed for the evaluation of the nutritional status of the regional population

of Maule (Chile). Its use is suggested in clinical and epidemiological contexts.
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INTRODUCTION

Access to adequate nutrition is a critical component necessary
for a human being during all stages of life. The human body
needs a proper well-balanced nutritional diet to meet the body’s
requirements and maintain basic body physiology (1).

Currently, the primary nutritional problems that affect
children, adolescents, youth adults, adults, and older adults
include malnutrition, underweight, overweight, and obesity. In
general, malnutrition (for underweight or overweight) affects
future physical development of a human being. Malnutrition
reduces the capacity to work, resistance to physical exertion, and
the ability to concentrate. Over eating predisposes individuals
to chronic diseases, such as diabetes, cardiovascular diseases (2),
among others.

Many regions of the world are actually experiencing the
double burden of nutritional problems (1). This translates into
a public health threat for countries with low and medium
incomes (3).

In this sense, epidemiological surveys worldwide need to
adopt strategies that help evaluate nutritional conditions using
diverse methods. In general, a person’s nutritional status can
be measured with the popular method known as ABCDE (4).
A represents anthropometric measurements, such as height and
weight; B, biochemical parameters, such as serum albumin level
and hemoglobin count; C, clinical assessment, which includes
an assessment of functional, social and mental status, medical
history and physical examination; and D, dietary history, such as
supplement use and adequacy of diet; and E, evaluation.

In fact, to assess the nutritional status of large populations,
one of the most widely used techniques is anthropometry.
This technique is considered to be a key component in the
evaluation of the nutritional status of children and adults (5).
In addition to its long historical tradition, it is an inexpensive
and non-invasive method that provides detailed information
about the different body structures, especially muscular and fat
components (6). Furthermore, it is considered to be a universally
applicable method for evaluating body size, composition, and
proportion (7).

To understand the nutritional condition and/or goals of an
individual population, it is necessary to assess anthropometric
variables. For example, when these are applied to children, these
help show the general health status, dietary adequacy, and help
monitor growth and development over time. However, when
applied to adults, anthropometric variables are used to evaluate
health, dietary status, disease risks, and analysis of possible
changes in body composition during adulthood (8).

In this context, an anthropometric evaluation of the
nutritional status of the regional population of Maule in
Chile is important, since it merits a formal and consistent
means that contributes to risk assessment, monitoring of
nutritional changes and possible comparisons with national
and international studies, since this information could provide
greater opportunities for comparison, not only with other
regions of the country, but also with neighboring countries in
South America.

Actually, a number of institutions around the world have
been interested in proposing curves for evaluating physical

growth and nutritional status in children and adolescents (9–11).
However, very few studies exist that evaluate the trajectory of the
nutritional status of individuals from birth to old age, except for
population studies from the National Center for Health Statistics
(NCHS) form the United States (8, 12). The NCHS has developed
anthropometric references for children and adults, spanning the
entire lifecycle.

These references, in general, are used by a number of countries
for assessing physical growth trajectories and the nutritional
condition of children, adolescents, youth, and adults. Only
recently in Chile, percentiles have been developed to evaluate
physical growth and body adiposity in children and adolescents
(13, 14). However, to date, these references are incomplete
because they do not take into account other life stages, such as
young adulthood, adulthood, and old age.

As a result, the references, in general, use anthropometric
indexes to assess the nutritional status of populations. Therefore,
they appear to remain the most commonly used tools for public
health and, particularly, in developing countries for evaluating
and monitoring physical growth and nutritional status (15).

Developing references based on Body Mass Index (BMI) and
the Tri-Ponderal Mass Index (TMI) for a regional population in
Chile, spanning all stages of life, could have implications relevant
for evaluating nutritional status and for developing public
policies. In addition, they could be important for prevention and
control for the health status for the population of the Maule
Region of Chile.

As a result, for decades, BMI has been recommended and
considered as the classic indicator for detecting underweight,
overweight, and obesity in diverse populations around the world
(16, 17). However, recently, TMI (weight divided by height
cubed) has been considered as an indicator of satisfactory body
adiposity in relation to BMI (17, 18). Thus, its inclusion in the
nutritional state is relevant.

From this perspective, in this study, we hypothesized that it is
possible that different anthropometrics exist between the CDC-
2012 references and the regional study of the Maule. Therefore,
these discrepancies could give rise to the proposed percentiles for
assessing the nutritionals state from childhood to old age. Thus,
the first initial objectives for this study were to compare weight,
height, and BMI with the American references from the NCHS-
2012 and to propose percentiles to assess the nutritional statues
using BMI and TMI in a regional sample of individuals between
the ages of 5–80 years old in the Maule Region of Chile.

MATERIALS AND METHODS

Type of Study and Sample
A descriptive cross-sectional study was carried out with 15,436
(8,070 males and 7,366 females) children, adolescents, and
adults from the Maule Region (Chile). The sample selection was
non-probabilistic (quotas). This sample is 2.2% of the urban
population of the Maule region. In general, according to the
latest report of the Chilean Ministry of Social Development (19),
709,418 inhabitants (341,700 men and 367,718 women) ranging
from 5 to 80 years old live in the urban area of the Maule
region. All subjects recruited volunteered from public schools,
universities (public and private). Youth, adults, and older adults
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volunteered from social programs offered by the Municipality of
Talca (Maule Region of Chile). Age ranged from 5.0 to 80 years
old. Maule is the seventh region of Chile. Talca is the capital
city. The region consists of four provinces: Cauquenes, Curicó,
Linares, and Talca. The Maule Region is located 230 km south
of Santiago, the capital of Chile. The region is 102 meters above
sea level.

According to the United Nations Development Program (20),
the Human Development Index (HDI) of Chile highlighted
that for 2018, the HDI was 0.847. Life expectancy is 80 years
of age, and the average education is ∼16.5 years. In the
Maule Region, the HDI was 0.872. Table 1 shows some social
development indicators as described by the Ministry of Social
Development Chile (19). The indicators in Table 1 illustrate
the small differences between the Maule Region (Talca) with
the capital (Santiago) and the northern regions of Arica and
Parinacota and the southern region of Magallanes.

All school children, university students, and adults
providing informed consent and completing the evaluations
of the anthropometric variables were included in the study.
Nevertheless, subjects excluded were those of another nationality
as well as those not consenting to the anthropometric
assessments. This study was carried out according to the
Declaration of Helsinki for Human Subjects and the suggestions
from the Ethics Committee from the Universidad (UA,
238/2014). Parents and/or teachers signed the informed consent
forms for minors under age 18, and those 18 and older (>18 years
old) signed the informed consent themselves. The evaluations
were conducted by experienced professionals trained in the
necessary evaluation procedures (four professionals).

Procedures
Data, such as age, sex, school, university, and workplace, were
recorded in individual files. All anthropometric variables were
evaluated in the school, university, work place, and laboratory

from the Universidad. One of the researchers coordinated a work
team consisting of 4 experienced evaluators to collect data.

The evaluations were carried out during 2015, 2016, 2017,
and 2018 from 8:30 a.m. to 13:00 p.m. and 15:00 to 18:00 p.m.
Furthermore, the assessments took place fromMonday to Friday
during the months of April to June and August to November
during each year of the study.

The evaluations of the anthropometric variables of weight and
height were carried out according to Ross andMarfell-Jones’ (21)
standardized protocol. During the assessments, subjects wore the
least amount of clothing possible (shorts, T-shirt, and barefoot).
To assess body weight (kg), an electric scale (Tanita, Glasgow,
United Kingdom, Ltd), with a scale of 9 to 150 kg and an accuracy
of 100 g. was used. Standing height was measured with a portable
stadiometer (Seca Gmbh & Co. KG. Hamburg, Germany), with
an accuracy of 0.1mm. based on the Frankfurt Plane. Body Mass
Index (BMI) was calculated using the following formula: BMI =
weight (kg)/height2 (m), and the TMI=weight (kg)/height3 (m).

To ensure quality control of the anthropometric variables,
10% (1,550 subjects) of the sample was evaluated twice. The intra-
and inter-evaluator TEM technical measurement error showed
values between 1 and 2%.

Using the 50th percentile, the anthropometric variables
(weight, height, and BMI) were compared with the curves of
the U.S. National Center for Health Statistics (8). They were
also compared with theWorld Health Organization (WHO) BMI
medians (11).

Statistics
The data for the normal distribution of the data was determined
using the Kolmogorov-Smirnov test. Differences between the
sexes were obtained using the t test for independent samples.
To fit the data (weight and height), the best model was selected
based on the R2, residual standard error (RMSE) and significance.
Different regression analysis models were used, with the eighth

TABLE 1 | Social development indicators of the Maule Region compared to Santiago (Chile).

Indicators Arica and Parinacota

(Northern Region)

Santiago

(Capital)

Maule (Central

Region)

Magallanes

(South

Region)

Chile

Education

Net rate of pre-school attendance (0–5 years) 54.0% 50.4% 50.7% 56.1% 50.3%

Net rate of elementary school attendance 91.5% 91.1% 92.8% 94.6% 91.5%

Net rate of secondary school attendance 74.3% 83.8% 72.6% 71.0% 73.6%

Net rate of higher education attendance 38.5% 39.1% 33.2% 41.0% 37.4%

Average number of years of education 11.4% ∼11.6 ∼9.8 11.2% 11.0%

Employment

Participation rate in the labor market 59.9% 63.2% 55.7% 60.4% 58.3%

Employment rate 54.9% 58.9% 51.8% 54.0% 54.0%

Unemployment rate 8.3% 6.9% 6.9% 7.5% 7.5%

Health

Health care (State) 76.3% 71.0% 86.2% 69.9% 77.3%

Health care (Private) 10.9% 21.3% 5.9% 15.9% 15.1%

No health care 3.9% 3.3% 3.0% 3.0% 3.1%
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degree cubic polynomial model being the most appropriate for
weight and height. The calculations and graphs of the curves
were obtained by means of the computer program implemented
in the R. The proposed percentiles were created to evaluate BMI
and PI: p3, p5, p10, p15, p25, p50, p75, p85, p90, p95, and p97.
The LMS method was also used to create the percentiles (L:
Box-Cox coefficient; M: median; S: coefficient of variation) (22).
Graphs were created with Chart Maker version 2.3 software (23).
Differences between the percentiles were performed using the
fraction: 100 log (reference percentile/calculated percentile). For
all cases <0.05 was adopted. Calculations were performed with
Excel and SPSS 18.0.

RESULTS

The anthropometric variables and body indices from age 5.0 to
>80 years are shown in Table 2. For weight and height, there
were no significant differences between the age ranges 5.0–7.9
years and 11.0–13.9 years. However, in males, from the age
range of 14.0–16.9 to age 80 years, they were heavier and taller

compared to females. There were no significant differences in
both sexes for BMI in the age ranges from 5.0–7.9 to 50.0–59.9
years. However, there were differences from the age range 60.0–
69.9 to 80 years, where females showed a higher BMI than males.
For the TMI, no differences were observed in the age ranges 5.0–
7.9, 8.0–10.9 and 40.0–49.9 years. However, for the rest of the age
ranges, women presented higher values than males.

The fit of the data for the weight and height curve showed a
polynomial regression of degree 8. This polynomial regression
model indicated a significant relationship between chronological
age with weight and height in both sexes (see Figure 1). The fit
of the data for the height curve was R2 = 0.84 for males and R2

= 0.75 for females, while for the weights, these values were lower
(R2 = 0.66 for males and R2 = 0.54 for females). In general, the
adopted model (grade 8) reflected a good fit, with RMSE values
ranging from 6.9 to 6.3 for height and from 11.5 to 10.7 for
body weight.

Figures 2, 3 illustrate the comparisons of the anthropometric
variables of weight, height, and BMI of the regional population of
the Maule with the American references of the CDC-2012 (50th

TABLE 2 | Anthropometric characteristics of the sample studied.

Age range n Weight (kg) Height (cm) BMI (kg/m2) TMI (kg/m3)

X SD X SD X SD X SD

Males

5–7.9 years 634 26.37 6.33 121.03 8.33 17.84 2.87 14.78 2.29

8–10.9 years 1,137 36.98 9.64 136.11 8.36 19.73 3.63 14.49 2.49

11–13.9 years 1,340 50.04 12.00 153.51 9.74 21.07 3.85 13.76* 2.55

14–16.9 years 1,445 66.02* 12.94 169.14* 7.67 23.02 4.02 13.64* 2.53

17–19.9 years 1,641 71.75* 12.13 172.03* 6.57 24.24 3.91 14.12* 2.45

20–29.9 years 1,058 77.20* 12.88 173.07* 6.67 25.72 3.71 14.88* 2.20

30–39.9 years 111 81.38* 12.25 175.34* 9.45 26.39 2.77 15.09* 1.74

40–49.9 years 64 85.69* 18.09 169.95* 4.79 29.58 5.51 17.40 3.13

50–59.9 years 117 81.36* 13.22 169.49* 6.87 28.30 4.12 16.73* 2.56

60–69.9 years 272 78.45* 13.72 167.44* 7.02 27.98* 4.74 16.76* 3.05

70–79.9 years 203 76.50* 10.86 165.61* 6.85 27.92* 3.90 16.91* 2.66

>80 years 48 70.78* 8.29 163.34* 6.59 26.54* 2.93 16.29* 2.09

Total 8,070 60.09* 20.71 159.13* 18.50 22.92* 4.74 14.43* 2.62

Females

5–7.9 years 659 25.59 5.47 120.33 7.18 17.56 2.69 14.62 2.22

8–10.9 years 789 36.64 9.49 136.40 9.00 19.47 3.51 14.29 2.44

11–13.9 years 1,082 51.76 11.92 153.40 7.60 21.87 4.24 14.27 2.78

14–16.9 years 918 60.19 11.16 159.01 6.20 23.79 4.16 14.99 2.74

17–19.9 years 1,105 61.69 11.56 159.91 5.92 24.09 4.08 15.08 2.60

20–29.9 years 949 64.10 11.32 161.23 5.91 24.64 4.02 15.31 2.60

30–39.9 years 178 71.59 14.48 160.16 7.09 27.91 5.25 17.49 3.54

40–49.9 years 190 69.40 13.17 157.50 6.55 27.98 5.04 17.81 3.37

50–59.9 years 292 71.07 12.28 156.66 5.91 29.00 5.04 18.56 3.47

60–69.9 years 701 69.81 11.70 155.20 7.14 29.04 4.84 18.79 3.46

70–79.9 years 433 67.82 11.69 152.95 6.59 28.98 4.49 18.99 3.12

>80 years 70 64.23 12.75 152.50 7.00 27.62 5.13 18.16 3.58

Total 7,366 56.41 17.62 151.84 13.95 23.90 5.45 15.73 3.29

X, average; SD, standard deviation; BMI, Body Mass Index; TMI, tri-ponderal mass index.

* Significant difference in relation to females.
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FIGURE 1 | Polynomial relationship of age with weight and height in both sexes.

percentile).With regard to body weight, from age 5.0 to 11.9 years
old, children from the Maule Region showed greater weight than
those for the CDC-2012 references (for males, from ∼0.09 to
∼5.40 kg and for females, from ∼1.28 to ∼5.13 kg). Then, from
12.0 to 80 years old, the CDC-2012 references presented higher
values in both sexes (for males, from ∼0.45 to ∼5.93 kg and for
females, from ∼0.05 to ∼4.80 kg), except for females at age 80
where they showed values higher of∼3.10 kg.

For height, the growth patterns for both sexes were similar:
for males until age 12.9 and for females until 11.9 years old.
Then, the CDC-2012 reference values were higher than their
Maule counterparts up to age 80. The differences for males were
from ∼0.82 to ∼1.80 cm, and for females, it was from ∼0.32 to
∼1.89 cm.

With regard to BMI, the children of both sexes from theMaule
showed higher values from age 5.0 to 11.9 years old. Differences
for males were greater from ∼1.12 to ∼4.93 kg/m2 while for
females, differences began from ∼0.68 to ∼3.66 kg/m2. Then,
from 12.0 years old to age 17.9, the values were relatively similar,
ranging for males, from ∼0.41 to ∼0.45 kg/m2 and for females,
from ∼0.01 to ∼0.97 kg/m2. Commencing at age 18.0 until
70–79.9 years old, the CDC-2012 values were higher for both
sexes. For example, the values for male were higher from ∼0.03
to ∼4.73 kg/m2 and for females, from ∼0.61 to ∼3.66 kg/m2.
Finally, at age 80 years old. BMI values for both sexes were greater
(in males, ∼0.64 kg/m2 and in females, ∼4.09 kg/m2), vs. the
CDC-2012 reference values.

In relation to comparisons of BMI among children and
adolescents in Maule with the WHO 50th percentile, we can

highlight that the WHO reference values reflect lower medians
in both sexes (in males from ∼1.5 to 2.7 kg/m2 and in females
from∼1.1 to 2.6 kg/m2) and from 5 to 19 years of age.

Tables 3–6 show the values for BMI and TMI from age 5.0 to
80 years of age. These results are presented in percentiles based
on age ranges and sex (p3, p5, p10, p15, p25, p50, p75, p85,
p90, p95, and p97). The curve for BMI values for both sexes
increased linearly from age 5.0 to age 80. The BMI in both sexes
was relatively similar and was slightly different in 50th percentile
(∼0.10 to ∼0.80 kg/m2) from ages 5.0–5.9 to 60.0–69.9 years
of age. However, in the last two age ranges (70.0–79.9 and >80
years), females showed higher values when compared to males,
between∼1.2 to∼1.5 kg/m2.

The TMI value for 50th percentile moved curvi-linearly from
ages 5.0–5.9 to 80 years old. For example, the values decreased
slightly until ages 11.0–11.9, approximately. Then, these values
remained stable until ages 16.0–16.9. Finally, TMI increased
linearly until 80 years of age. The differences between both sexes
began appearing from 12.0 to 12.9 years old onwards. It was
greater in females when compared to males (from ∼0.6 to ∼2.5
kg/m3) until approximately age 80.

DISCUSSION

The results from this study indicate that during all stages of life,
the regional population of the Maule showed similar trajectories
for weight, height, and BMI to those of the American NCHS
(8). However, differences occurred during childhood where the
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FIGURE 2 | Comparison of differences (50th percentile) of anthropometric variables (weight and height) between the Maule regional sample and the CDC-2012; and

differences in BMI between the study sample, the CDC-2012 and the WHO reference for males.
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FIGURE 3 | Comparison of differences (50th percentile) of anthropometric variables (weight and height) between the Maule regional sample and the CDC-2012; and

differences in BMI between the study sample, the CDC-2012 and the WHO reference for females.

Frontiers in Nutrition | www.frontiersin.org 7 December 2021 | Volume 8 | Article 657491

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Gómez-Campos et al. Nutritional Status of a Population

TABLE 3 | Percentiles for evaluating BMI from 5 to 80 years old based on age range for males.

Age n L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97

5.0–5.9 149 0.74 16.8 0.17 11.6 12.2 13.2 13.9 14.9 16.8 18.8 19.9 20.7 21.8 22.5

6.0–6.9 206 0.46 17.3 0.17 12.1 12.7 13.7 14.3 15.3 17.3 19.3 20.5 21.3 22.6 23.4

7.0–7.9 279 0.19 17.7 0.17 12.7 13.2 14.1 14.8 15.7 17.7 19.9 21.1 22.0 23.4 24.3

8.0–8.9 377 −0.1 18.2 0.17 13.2 13.7 14.6 15.2 16.2 18.2 20.4 21.8 22.7 24.2 25.2

9.0–9.9 302 −0.3 18.7 0.17 13.7 14.2 15.1 15.7 16.7 18.7 21.0 22.4 23.4 25.1 26.2

10.0–10.9 458 −0.5 19.2 0.17 14.2 14.7 15.6 16.2 17.1 19.2 21.6 23.0 24.1 25.9 27.1

11.0–11.9 524 −0.7 19.6 0.17 14.7 15.2 16.0 16.6 17.6 19.6 22.1 23.6 24.8 26.7 28.0

12.0–12.9 396 −0.8 20.1 0.17 15.2 15.7 16.5 17.1 18.1 20.1 22.6 24.2 25.4 27.4 28.9

13.0–13.9 420 −1 20.6 0.16 15.8 16.2 17.0 17.6 18.6 20.6 23.2 24.8 26.1 28.2 29.7

14.0–14.9 457 −1.1 21.2 0.16 16.3 16.8 17.6 18.2 19.1 21.2 23.8 25.4 26.7 28.9 30.6

15.0–15.9 524 −1.2 21.8 0.16 16.9 17.4 18.2 18.8 19.7 21.8 24.4 26.1 27.4 29.7 31.3

16.0–16.9 464 −1.3 22.4 0.15 17.5 18.0 18.8 19.3 20.3 22.4 25.0 26.7 28.0 30.3 32.0

17.0–17.9 777 −1.3 22.9 0.15 18.0 18.5 19.3 19.9 20.8 22.9 25.5 27.3 28.6 30.9 32.6

18.0–18.9 397 −1.4 23.5 0.15 18.5 19.0 19.8 20.4 21.4 23.5 26.1 27.8 29.1 31.4 33.1

19.0–19.9 467 −1.4 24 0.14 19.1 19.5 20.4 21.0 21.9 24.0 26.6 28.4 29.7 31.9 33.6

20.0–29.9 1,058 −1.3 24.6 0.14 19.6 20.1 20.9 21.5 22.5 24.6 27.2 28.9 30.3 32.5 34.2

30.0–39.9 111 −1.3 25.2 0.14 20.1 20.6 21.5 22.1 23.0 25.2 27.8 29.6 30.9 33.1 34.7

40.0–49.9 64 −1.3 25.7 0.14 20.6 21.1 22.0 22.6 23.6 25.7 28.4 30.1 31.4 33.6 35.2

50.9–59.9 117 −1.3 26.2 0.14 21.0 21.5 22.4 23.0 24.0 26.2 28.9 30.6 31.9 34.1 35.7

60.9–69.9 272 −1.2 26.7 0.13 21.4 21.9 22.8 23.4 24.5 26.6 29.3 31.0 32.3 34.5 36.1

70.9–79.9 203 −1.2 27 0.13 21.7 22.3 23.2 23.8 24.8 27.0 29.7 31.4 32.7 34.8 36.4

>80 years 48 −1.2 27.4 0.13 22.1 22.6 23.5 24.2 25.2 27.4 30.1 31.8 33.1 35.2 36.7

LMS, least-mean-square algorithm; L, Box-Cox coefficient; M, median; S, coefficient of variation.

TABLE 4 | Percentiles for evaluating BMI from 5 to 80 years old based on age range for females.

Age n L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97

5.0–5.9 137 −0.28 16.40 0.16 12.2 12.7 13.4 13.9 14.7 16.4 18.3 19.5 20.3 21.6 22.5

6.0–6.9 220 −0.35 16.81 0.16 12.6 13.0 13.7 14.3 15.1 16.8 18.8 20.0 20.9 22.3 23.3

7.0–7.9 302 −0.43 17.29 0.17 12.9 13.4 14.1 14.6 15.5 17.3 19.4 20.7 21.6 23.1 24.1

8.0–8.9 267 −0.50 17.85 0.17 13.3 13.8 14.6 15.1 16.0 17.8 20.0 21.4 22.4 24.0 25.1

9.0–9.9 182 −0.58 18.49 0.17 13.8 14.3 15.1 15.7 16.6 18.5 20.8 22.2 23.3 25.0 26.2

10.0–10.9 340 −0.67 19.19 0.17 14.4 14.9 15.7 16.3 17.2 19.2 21.6 23.1 24.3 26.1 27.4

11.0–11.9 369 −0.75 19.92 0.17 15.0 15.5 16.3 16.9 17.8 19.9 22.4 24.0 25.3 27.2 28.7

12.0–12.9 397 −0.84 20.63 0.17 15.6 16.1 16.9 17.5 18.5 20.6 23.3 24.9 26.2 28.3 29.9

13.0–13.9 316 −0.92 21.29 0.17 16.1 16.6 17.5 18.1 19.1 21.3 24.0 25.8 27.1 29.3 31.0

14.0–14.9 323 −0.98 21.85 0.17 16.6 17.1 18.0 18.6 19.6 21.9 24.6 26.4 27.8 30.2 31.9

15.0–15.9 276 −1.04 22.30 0.17 17.0 17.5 18.4 19.0 20.0 22.3 25.1 27.0 28.4 30.8 32.6

16.0–16.9 319 −1.07 22.65 0.17 17.3 17.8 18.7 19.3 20.4 22.6 25.5 27.4 28.8 31.2 33.1

17.0–17.9 405 −1.09 22.94 0.16 17.6 18.1 19.0 19.6 20.7 22.9 25.8 27.7 29.1 31.6 33.4

18.0–18.9 215 −1.08 23.24 0.16 17.8 18.4 19.2 19.9 20.9 23.2 26.1 28.0 29.5 31.9 33.8

19.0–19.9 485 −1.04 23.64 0.16 18.1 18.7 19.6 20.2 21.3 23.6 26.6 28.5 29.9 32.4 34.2

20.0–29.9 949 −0.99 24.23 0.16 18.6 19.1 20.1 20.7 21.8 24.2 27.2 29.1 30.6 33.0 34.8

30.0–39.9 178 −0.91 24.99 0.16 19.1 19.7 20.7 21.4 22.5 25.0 28.0 30.0 31.5 33.9 35.7

40.0–49.9 190 −0.81 25.84 0.16 19.7 20.3 21.3 22.1 23.3 25.8 29.0 31.0 32.4 34.9 36.7

50.0–59.9 292 −0.70 26.68 0.16 20.2 20.9 22.0 22.8 24.0 26.7 29.9 31.9 33.4 35.9 37.6

60.0–69.9 701 −0.57 27.48 0.16 20.7 21.4 22.6 23.4 24.7 27.5 30.8 32.8 34.3 36.8 38.5

70.0–79.9 433 −0.44 28.23 0.16 21.2 21.9 23.1 24.0 25.3 28.2 31.6 33.7 35.2 37.6 39.3

>80 years 70 −0.31 28.95 0.16 21.6 22.3 23.6 24.5 26.0 28.9 32.4 34.5 36.0 38.3 40.0

LMS, least-mean-square algorithm; L, Box-Cox coefficient; M, median; S, coefficient of variation.
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TABLE 5 | Percentiles for evaluating TMI from 5 to 80 years old based on age range for males.

Age n L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97

5.0–5.9 149 −0.5 14.9 0.2 11.2 11.6 12.2 12.7 13.4 14.9 16.7 17.9 18.7 20.0 20.9

6.0–6.9 206 −0.5 14.7 0.2 11.0 11.4 12.0 12.5 13.2 14.7 16.5 17.6 18.4 19.7 20.6

7.0–7.9 279 −0.6 14.5 0.2 10.9 11.3 11.9 12.3 13.0 14.5 16.2 17.3 18.1 19.4 20.3

8.0–8.9 377 −0.7 14.2 0.2 10.8 11.1 11.7 12.1 12.8 14.2 16.0 17.0 17.8 19.1 20.0

9.0–9.9 302 −0.7 14.0 0.2 10.7 11.0 11.6 12.0 12.6 14.0 15.7 16.8 17.5 18.8 19.7

10.0–10.9 458 −0.8 13.8 0.2 10.5 10.9 11.4 11.8 12.4 13.8 15.4 16.5 17.3 18.5 19.4

11.0–11.9 524 −0.9 13.6 0.2 10.4 10.7 11.2 11.6 12.2 13.6 15.2 16.2 17.0 18.2 19.2

12.0–12.9 396 −0.9 13.4 0.2 10.3 10.6 11.1 11.5 12.1 13.4 14.9 16.0 16.7 18.0 18.9

13.0–13.9 420 −1.0 13.2 0.2 10.2 10.5 11.0 11.4 12.0 13.2 14.8 15.8 16.6 17.8 18.8

14.0–14.9 457 −1.1 13.2 0.2 10.2 10.5 11.0 11.4 11.9 13.2 14.7 15.7 16.5 17.8 18.7

15.0–15.9 524 −1.2 13.2 0.2 10.3 10.6 11.1 11.4 12.0 13.3 14.8 15.8 16.6 17.9 18.8

16.0–16.9 464 −1.2 13.4 0.2 10.5 10.8 11.2 11.6 12.2 13.4 15.0 16.0 16.7 18.1 19.1

17.0–17.9 777 −1.2 13.6 0.2 10.7 11.0 11.4 11.8 12.4 13.6 15.2 16.2 17.0 18.3 19.3

18.0–18.9 397 −1.2 13.8 0.2 10.9 11.2 11.7 12.0 12.6 13.8 15.4 16.5 17.3 18.6 19.6

19.0–19.9 467 −1.2 14.1 0.1 11.1 11.4 11.9 12.3 12.9 14.2 15.8 16.8 17.6 19.0 20.0

20.0–29.9 1,058 −1.2 14.5 0.1 11.4 11.8 12.3 12.6 13.2 14.5 16.2 17.2 18.0 19.4 20.4

30.0–39.9 111 −1.2 14.9 0.1 11.8 12.1 12.6 13.0 13.6 14.9 16.6 17.7 18.5 19.9 20.9

40.0–49.9 64 −1.2 15.4 0.1 12.1 12.5 13.0 13.4 14.0 15.4 17.1 18.1 19.0 20.4 21.4

50.0–59.9 117 −1.2 15.8 0.1 12.5 12.8 13.4 13.7 14.4 15.8 17.5 18.6 19.4 20.9 21.9

60.0–69.9 272 −1.2 16.1 0.1 12.8 13.1 13.7 14.1 14.7 16.2 17.9 19.0 19.9 21.3 22.3

70.0–79.9 203 −1.2 16.5 0.1 13.1 13.5 14.0 14.4 15.1 16.5 18.3 19.4 20.3 21.7 22.8

>80 years 48 −1.2 16.9 0.1 13.4 13.8 14.3 14.8 15.4 16.9 18.7 19.8 20.7 22.1 23.2

LMS, least-mean-square algorithm; L, Box-Cox coefficient; M, median; S, coefficient of variation.

TABLE 6 | Percentiles for evaluating TMI from 5 to 80 years old based on age range for females.

Age n L M S P3 P5 P10 P15 P25 P50 P75 P85 P90 P95 P97

5.0–5.9 137 0.15 14.73 0.16 10.8 11.3 12.0 12.5 13.2 14.7 16.4 17.4 18.0 19.1 19.8

6.0–6.9 220 0.02 14.49 0.16 10.7 11.1 11.8 12.3 13.0 14.5 16.2 17.1 17.8 18.9 19.6

7.0–7.9 302 −0.12 14.26 0.16 10.6 11.0 11.6 12.1 12.8 14.3 15.9 16.9 17.6 18.7 19.4

8.0–8.9 267 −0.26 14.08 0.16 10.5 10.9 11.5 11.9 12.6 14.1 15.7 16.7 17.4 18.6 19.4

9.0–9.9 182 −0.40 13.94 0.16 10.4 10.8 11.4 11.8 12.5 13.9 15.6 16.6 17.3 18.5 19.3

10.0–10.9 340 −0.53 13.87 0.16 10.4 10.8 11.4 11.8 12.5 13.9 15.5 16.6 17.3 18.5 19.4

11.0–11.9 369 −0.66 13.86 0.16 10.5 10.8 11.4 11.8 12.5 13.9 15.6 16.6 17.4 18.7 19.6

12.0–12.9 397 −0.78 13.93 0.16 10.6 10.9 11.5 11.9 12.5 13.9 15.7 16.7 17.5 18.9 19.9

13.0–13.9 316 −0.89 14.06 0.17 10.7 11.0 11.6 12.0 12.6 14.1 15.8 16.9 17.8 19.2 20.2

14.0–14.9 323 −0.97 14.21 0.17 10.8 11.2 11.7 12.1 12.8 14.2 16.0 17.2 18.0 19.5 20.6

15.0–15.9 276 −1.04 14.36 0.17 11.0 11.3 11.8 12.3 12.9 14.4 16.2 17.4 18.3 19.8 21.0

16.0–16.9 319 −1.07 14.49 0.17 11.1 11.4 12.0 12.4 13.0 14.5 16.3 17.6 18.5 20.1 21.3

17.0–17.9 405 −1.08 14.61 0.17 11.1 11.5 12.1 12.5 13.1 14.6 16.5 17.7 18.7 20.3 21.5

18.0–18.9 215 −1.06 14.76 0.17 11.2 11.6 12.2 12.6 13.3 14.8 16.7 17.9 18.8 20.5 21.7

19.0–19.9 485 −1.01 15.00 0.17 11.4 11.7 12.3 12.8 13.5 15.0 16.9 18.2 19.1 20.8 22.0

20.0–29.9 949 −0.94 15.41 0.17 11.7 12.0 12.7 13.1 13.8 15.4 17.4 18.7 19.6 21.3 22.5

30.0–39.9 178 −0.84 16.00 0.17 12.1 12.5 13.1 13.6 14.3 16.0 18.1 19.4 20.4 22.0 23.2

40.0–49.9 190 −0.73 16.68 0.17 12.5 12.9 13.6 14.1 14.9 16.7 18.8 20.2 21.2 22.8 24.0

50.0–59.9 292 −0.60 17.38 0.17 13.0 13.4 14.1 14.7 15.5 17.4 19.6 21.0 22.0 23.7 24.8

60.0–69.9 701 −0.46 18.06 0.17 13.4 13.9 14.6 15.2 16.1 18.1 20.3 21.7 22.8 24.4 25.6

70.0–79.9 433 −0.31 18.71 0.17 13.7 14.3 15.1 15.7 16.7 18.7 21.1 22.5 23.5 25.2 26.3

>80 years 70 −0.17 19.35 0.17 14.1 14.7 15.6 16.2 17.2 19.4 21.8 23.2 24.3 25.9 27.0

LMS, least-mean-square algorithm; L, Box-Cox coefficient; M, median; S, coefficient of variation.
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children from this study showed increased weight and BMI
than the references. Nevertheless, during adolescence, the NCHS
references (8) showed higher values until around ages 70–
79, respectively. In addition, we highlight that children and
adolescents of both sexes in Maule (5–19 years of age) presented
higher BMI values in relation to those of the WHO in all age
ranges (from 5 to 19 years of age).

During early ages, height was relatively similar to the NCHS
references (8). However, during adolescence, differences began
to appear where the population of the Maule was shorter until
approximately age 80.

Therefore, these findings are relevant for the regional
population of the Maule because they confirm the
anthropometric differences between populations, especially
during the growth stages. Previous research in Chile (13, 14)
and other neighboring countries have also highlighted such
discrepancies (24, 25). However, during adulthood, between
the ages of 20 to 59 years old, some studies carried out in
China (26) and Colombia (27) showed values relatively lower
in weight, height, and BMI than those of the Maule population.
Nevertheless, other studies conducted in Canada (28) and the
United States (29) have reported BMI values relatively similar to
those described in this present research.

During old age, from 60 until age 80 years old, the BMI values
of the Maule regional population were relatively similar to those
reported in Brazil, Portugal, and Mexico (30–32) and even with
the Chilean reference proposed for older adults (33).

One aspect that caught the researchers’ attention was that the
BMI of the Maule population did not decrease at age 80 as it did
in other studies (8, 31, 32). This could be due, perhaps, to the
loss of height with age. This translates into a significant increase
in BMI (34). This pattern of decrease was observed in both sexes
commencing at age 40 onwards.

These variations in the anthropometric profile between
world populations from childhood to old age reflect genetic
and environmental differences throughout life. For example,
environmental factors tend to affect genetic potential and health
differences in populations (9), including socio-demographic,
dietary, and lifestyle factors (35). These could be involved in
the differences observed. Although it is not ruled out that,
during the last decades, Chile has faced an extremely rapid
nutritional transition (36), which is congruent with the rapid
economic growth observed between 1980 and 2014 (37), it is
currently characterized as a post-transitional country, where the
nutritional status of the population varies significantly according
to sex, socioeconomic level and ethnicity (38).

In this context, an urgent need exists to gather additional
measurements to provide a more holistic understanding of the
anthropometric status of a population (39). Since the prevalence
of underweight and overweight vary widely from one population
to another (40), it is important to collect more data, especially
if references proposed for other socio-cultural groups are used.
These characteristics described deserve to be compared with
reference studies as was done in this study, so this information
could provide greater opportunities for comparison with other
populations at the national and international level.

In this sense, based on the differences observed in this study
and others, percentiles were developed to evaluate nutritional

status from childhood to old age for the Maule Region (Chile).
These were based on BMI and TMI by age and sex.

These results could help with the interpretation of the
anthropometric differences and patterns in the phenotypical
changes during growth and aging. This, during the growth and
development stages, this information could facilitate evaluation
of the nutritional state and serve to help monitor physical growth
trajectories of children and adolescents (14).

During adulthood, these findings could help determine
possible altered nutritional conditions that could be used as
indicators for metabolic risk factors, especially when they
are associated with overweight and obesity (41). In addition,
nutrition and health, in general, in this stage are important for
this group since adults are responsible for helping economically
the rest of society (40).

In general, some common medical afflictions exist in old
age related to aging and nutritional disorders that can be risk
factors for older adults (42). For example, important changes
occur in body composition expressed as the increase in fat mass,
distribution of body fat, and the loss of muscle mass (43). These
changes have adverse effects on functional ability, quality of life,
and survival (44).

As a result, the researchers for this study used the LMSmethod
to develop percentiles for BMI and TMI. This information may
serve to complement the national (14, 33) and international
(2, 7, 10, 45) references. A number of these were divided and
directed to determined specific groups.

In essence, the references are data that are based on cross-
sectional evaluations of a well-defined population (9). On the one
hand, their interpretation needs to be oriented toward universal
characteristics and human growth variables in order to research
the links between growth, health, and nutritional state. On the
other hand, it is necessary to evaluate thoroughly whether the
international references are appropriate for all individuals, or
whether sometimes specific references may be beneficial for a
population (46).

Consequently, the applicability and tracking of the BMI
trajectory during childhood, adolescence, and adulthood has
demonstrated to be a satisfactory index for estimating body
adiposity status once the changes body weight (47, 48), metabolic
risks, and obesity (49) have been taken into account. In addition,
it has been used traditionally as an indicator of obesity and for
predicting health problems (50).

On the one hand, the use and applicability of TMI during
the growth stage may be considered as a more appropriate
tool to evaluate and classify nutritional status (underweight
and obesity) for children and adolescents (51). A number
of recent studies have reported that the TMI is more
accurate than BMI for predicting body adiposity levels (17,
52) and for classifying overweight and obesity (53). It may
also be used as a marker for metabolic syndromes (54) in
diverse populations.

The cut-off points for this study were based on criteria
adopted by the CDC (9) and the NCHS (8, 12). These need
to be interpreted as references since they describe growth
and nutritional status of an individual, and they provide a
common foundation for comparing populations without making
inferences about their significance (55). In addition, they may

Frontiers in Nutrition | www.frontiersin.org 10 December 2021 | Volume 8 | Article 657491

https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles


Gómez-Campos et al. Nutritional Status of a Population

serve to formulate health policies, plan interventions, and
supervise their efficiency, respectively (56).

We suggest the use of the Z-score for children and adolescents
from 5 to 18 years old. This can be calculated using the formula:

Z =

(

BMI
M

)L
−1

L x S

Where the values of L, M, and S refer to age and sex
of each child and adolescent in keeping with the references
in the literature. On the other hand, from 19 years of
age onwards, the cut-off points described above (<10th
percentile low, 10th to 85th percentile normal, 85th to
95th percentile overweight and >95th percentile obese) can
be used.

The present study has several strengths. The researchers in
this study used 15,436 subjects (8,070 men and 7,366 women),
spanning most life stages from infancy to senescence. This is the
first research study of its kind carried out in Chile and Latin
America. Moreover, the anthropometric variables were evaluated
by only one experienced and well trained research team. The
results may be used as a baseline for future comparisons for
verifying secular tendencies. They may also help serve to create
a national anthropometric standard.

This study had some limitations that need to be
acknowledged. For example, the children (minors) <5.0
years old could not be included in the study due to lack
of access to them. This limited us in evaluating the classic
standard anthropometric variables of weight and height and
their corresponding relationships (weight by height squared
and weight by height cubed). The sample selection was non-
probabilistical, so this procedure could limit the generalization
of the results to other socio-cultural contexts in the country.
Furthermore, it was not possible to collect socio-economic
information, dietary habits, ethnicity and physical activity levels.
Moreover, each age group considered in this study may be
affected by different environmental, sociocultural, and political
influences throughout their lives, especially during the military
period from 1973 to 1990 and since the early 1980s with the
rapid socioeconomic growth (37).

Other researchers should consider the present results with
caution, as the mentioned components should be evaluated in

the future, and even project the use of GWAS for more precise
comparisons in terms of genetic variation.

In conclusion, by determining differences between the
American NCHS references with the anthropometric variables
of weight and height and in BMI, reference percentiles were
developed for assessing the nutritional status for the regional
population of the Maule (Chile). The results suggest using BMI
and TMI by age and sex as a non-invasive tool for detecting
individuals at risk of being underweight, overweight, and obese.
Finally, these results may be used in clinical and epidemiological
contexts to assess individuals, age 5–80 years old.
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