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Abstract
Introduction: between 1999 and 2022, the prevalence of overweight and obesity (OW + Ob) in adults increased by more than 20 % in 45 coun-
tries, a trend also reflected in the rise of obesity among children and adolescents in 186 countries.

Objectives: to compare OW + Ob in the population aged 5 to 11 years over different periods using the polynomial index of overweight and 
obesity (IPSO).

Methodology: cross-sectional anthropometric data from children aged 5-11 years were analyzed using information from the 1999 National Nutri-
tion Survey, the National Health and Nutrition Surveys (ENSANUT 2006-2022), and the National Weight and Height Registry (RNPT 2015-2018). 
z-scores for BMI-for-age were calculated based on WHO standards. Means for age and z-scores were estimated for all ages (60-144 months) 
across seven intervals. T-SQL scripts were developed to obtain a polynomial regression model and an integral to calculate IPSO values, which 
were graphically represented.

Results: IPSO
60-144

 increased from 32.5 in 1999 to 50.1 in 2006 and 53.1 in 2022, showing increases across all analyzed age intervals. The 
RNPT highlighted differences by sex (27.62 for girls vs. 41.57 for boys) and socioeconomic level.

Conclusions: IPSO is useful for historical analysis and monitoring the magnitude of obesity in future research, as it enables visualization of OW + 
Ob trends in school-aged children. It is a key tool for guiding interventions and public policy proposals aimed at reducing OW + Ob in childhood.
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INTRODUCTION

Overweight and obesity (OW + Ob) have become critical issues 
in the recent decades. Between 1990 and 2022, obesity preva-
lence among adults has increased by over 20 % in 45 countries, 
based on age-standardized data from recent studies. This issue 
extends beyond adults and significantly affects school-age chil-
dren and adolescents (5-19 years). For girls, 186 countries (93 %) 
reported an increase in obesity, whereas for boys, this increase 
was observed in 195 countries (98 %). Many countries registered 
a twofold increase, with notable increases in Polynesia, the Car-
ibbean Islands, Brunei, and Chile (1). Epidemiological changes 
associated with nutritional transition have been studied for dec-
ades. Since 1993, Dr. Popkin (2) and current studies conducted 
in 2019 (3) and 2024 (1) have documented trends and proposed 
behavioral patterns that provide a complete overview of the slow 
and rapid increases in OW + Ob prevalence worldwide. While 
most regions show a steady rise, some areas with a high preva-
lence have stabilized. In Mexico, the rising prevalence of OW + 
Ob among children has serious consequences. Immediate health 
implications include a higher risk of chronic conditions such as 
type 2 diabetes, cardiovascular disease, and hypertension, which 
were previously seen mainly in adults but are now common in 
younger populations (4). Obesity also affects physical parameters 
such as motor performance and coordination, which are linked 
to regular physical activity and body composition in children and 
adolescents (5). Moreover, overweight and obese children often 
face social and psychological challenges, including stigmatiza-
tion, bullying, and low self-esteem, which can have lasting effects 
on their mental health and wellbeing (6,7). The economic burden 
of obesity-related healthcare costs is substantial, placing strain 
on healthcare systems and contributing to socioeconomic dispar-
ities (8). Furthermore, obese children are more likely to remain 
obese during adolescence and adulthood, thereby perpetuating 
the cycle of obesity and its associated health risks.

Between 2015 and 2018, Mexico conducted the National Reg-
istry of Weight and Height (RNPT) to collect anthropometric data 
from approximately 15 million school-aged children nationwide. 
In its first round (2015), with approximately 10 million anthropo-
metries, the RNPT found a 34.5 % prevalence of OW + Ob (9). 

Further details on RNPT characteristics, coverage, and results 
are available in literature (10). In Mexico, the prevalence of OW + 
Ob among school-age children (5-11 years) has increased from 
25.5 % in 1999 to 35.7 % in 2020, reflecting a 40 % increase 
over two decades (11,12), and the most recent data from the 
National Health and Nutrition Survey (ENSANUT 2022) reported 
an OW + Ob prevalence of 37.3 %, indicating the trend contin-
ues. Anthropometry is indispensable for monitoring the nutrition-
al well-being of children in developing populations (13), and the 
central role of nutritional status is critical for children’s overall 
health and well-being worldwide (14). Analyzing the OW + Ob 
trends during the school-age period is essential for understand-
ing the patterns that lead to a high prevalence of 41.2 % in ado-
lescents (12-19 years) and 75.2 % in adults in Mexico (15). The 
prevalence among preschool-age children (0-4 years) is 7.7 % 
(16), with a cut-off for OW + Ob at ≥ 2 Z (17); however, when 
using the cut-off for ages 5-11 years at ≥ 1 Z, the 2022 preva-
lence of pre-school children was 26.1 % (18). When analyzing 
the prevalence of OW + Ob among populations, we sought to un-
derstand some of the differences present in specific population 
subgroups and geographic, cultural, and social characteristics. 
These elements are important guides for future research, par-
ticularly to improve the prediction of future trends. These chang-
es over time stress the importance of analyzing the behavior of 
the data to compare the magnitude of this phenomenon among 
populations and over time.

Our working group developed a polynomial model to ana-
lyse pairs of data on age in months and BMI Z in the period 
60-144 months, using the polynomial index of overweight and 
obesity (IPSO). This index, similar to the one previously devel-
oped to assess malnutrition in children aged 0-4 years (19), will 
facilitate comparisons of OW + Ob in different populations and 
time periods. Examples of other public health indices that use an-
thropometric data include the Global Hunger Index (https://www.
globalhungerindex.org) and Global Obesity Observatory (https://
data.worldobesity.org/).

The main objective of the present work is to test the devel-
oped model for three different scenarios: first, as an easy meth-
od to compare and diagnose the OW + Ob magnitude among 
populations; second, as a comprehensive and visually clear tool 

Resumen
Introducción: entre 1999 y 2022, la prevalencia del sobrepeso y la obesidad (SP + Ob) en adultos aumentó más del 20 % en 45 países, 
tendencia que también se refleja en el incremento de obesidad en niños y adolescentes en 186 países.

Objetivos: comparar el SP + Ob en la población de 5 a 11 años de edad durante diferentes períodos, utilizando el índice polinomial de sobrepeso 
y obesidad (IPSO).

Metodología: se analizaron datos antropométricos transversales de niños/as de 5-11años utilizando información de la Encuesta Nacional de 
Nutrición de 1999, las Encuestas Nacionales de Salud y Nutrición (ENSANUT 2006-2022) y el Registro Nacional de Peso y Talla (RNPT 2015-
2018). Las puntuaciones z del indicador IMC para la edad fueron calculadas con la referencia de la OMS, se estimaron las medias de edad y 
score z para todas las edades (60-144 meses) en siete intervalos. Se desarrollaron scripts en lenguaje T-SQL para obtener un modelo de ajuste 
mediante regresión polinomial, y una integral para obtener los valores del IPSO representados gráficamente.

Resultados: el IPSO
60-144

 mostró un incremento de 32,5 en 1999 a 50,1 en 2006 y 53,1 en 2022, identificándose incrementos en todos 
los intervalos de edad analizados. El RNPT destacó diferencias por sexo (27,62 para mujeres vs. 41,57 en hombres) y nivel socioeconómico.

Conclusiones: el IPSO es útil para análisis histórico y vigilancia de la magnitud de obesidad en futuras investigaciones, permite visualizar el 
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to characterize the evolution of OW + Ob development during 
the school-age time lapse; and third, as a reliable tool to rapidly 
compute indexes, inspect, analyze, and compare the OW + Ob 
behavior of different subpopulations in response to variables of 
interest.

MATERIAL AND METHODS

INPUT DATA AND POLYNOMIAL FUNCTION 
CALCULATIONS

To model the behavior of OW + Ob in a population during the 
5  to < 12 years old time lapse, we proposed using data pairs 
consisting of the population’s means of age and the z-score of 
BMI/age defined by the WHO (20) for each of the 7 year intervals 
in months: [60, 72], [72, 74) up to [132, 144] using the ages in 
the X axis and the z-score in the Y (Table IA).

The model justification lies in the fact that this polynomial 
model represents a curve that describes how the variable of in-
terest (z-score average) that represents the BMI/age status of 
the population behaves through the 5-11 years old time lapse. 
In other words, the area under this curve could be interpreted as 
the OW + Ob magnitude of the population over time.

To model this data, we developed a polynomial regression al-
gorithm in the Transact-SQL language for implementation on a 

Microsoft SQL Server database. This algorithm was designed to 
obtain n + 1 coefficients of an n-order polynomial function when 
n + 1 (x,y) data pairs are provided (21). In the present work, a 
fifth-degree polynomial function (Table IA) was chosen because 
of its precision in modelling up to five inflection points using six 
coefficients (A to F).

In order to validate how accurate was the fitting process, along 
with the calculation of the coefficients, an additional function was 
written to obtain the “determination coefficient” also known as 
R2 (Table IC), which expresses the goodness of fit of the model. 
This value ranges from zero to one. When these values are closer 
to one the model fits the data better. Additionally, because the 
intended use of the model is based on data from populations, one 
may expect to have sufficient observations in each group, there-
by avoiding large fluctuations in the Z-averages due to a small n 
effect, leading to smoother and better-fitted polynomial models. 
Considering these two conditions, we expected that the IPSO 
would perform well when estimating the OW + Ob magnitude.

For the data in table IA, the coefficients and R2 values were 
obtained when the polynomial regression algorithm was applied. 
The coefficients and R2 values were obtained for the data in ta-
ble ID, when the polynomial regression algorithm was applied.

Replacing coefficients in Equation 1 and evaluating the func-
tion in the 60-144 months interval allowed us to plot the model 
vs. actual sample data to evaluate the behavior of the modelling 
process (Fig. 1A).

Table I. Data for polynomial algorithm

A. Example data for polynomial regression fitting algorithm

Age group (years)
Months
interval

Data from population

X
Avg. age in months

Y
Avg. BMI/age z-score

5 ≥ 60, < 72 66 -0.5

6 ≥ 72, < 84 78 0

7 ≥ 84, < 96 90 1.4

8 ≥ 96, < 108 102 1.3

9 ≥ 108, < 120 114 1.2

10 ≥ 120, < 132 126 1.4

11 ≥ 132, < 144 138 1.6

B. Equation 1 Polynomial function of fifth degree used to fit the data

𝑦 = 𝑎 + 𝑏𝑥 + 𝑐𝑥2 + 𝑑𝑥3 + 𝑒𝑥4 + 𝑓𝑥5

C. Equation 2 Determination coefficient (R2) formula

ӯ = Average of observations.
ŷi = Prediction of y

i
 using the model

(Continues on next page)
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Table I (cont.). Data for polynomial algorithm

D. Coefficients obtained by the polynomial regression algorithm using the example data

Coefficient Value

A 1.79062198378451 x 10-4

B -3.77187348505926 x 10-2

C -3.03519986132779 x 10-3

D 1.05741108237223 x 10-4

E -1.00416475337658 x 10-6

F 3.01548529040646 x 10-9

R2 0.942747418748061

E. Equation 3. Integral (ii) of polynomial function (i) and definite integral (iii) used for IPSO computing

POLYNOMIAL INDEX OF OVERWEIGHT  
AND OBESITY (IPSO) CALCULATION

With age and OW + Ob prevalence data pairs fitted into a 
polynomial function, we propose to obtain the IPSO value as the 
area under the curve described by the definite integral between 
60 and 144 months of the equation (Table IE, Equation 3). One 
reason for using this approach is the ease of the calculation and 
programming of the function.

The IPSO resulting coefficients can be easily interpreted as 
follows: in a theoretical population that behaves similarly to the 
WHO reference, one might expect that the z-score average would 
be close to zero, so the model and the area would also be near 
such a value; moreover, in a fictitious population on which the 
z-score averages would be around +1 (the cutoff of overweight), 
we would expect to have an IPSO value of approximately 84, 
which corresponds to the definite Integral 60-144 for a polyno-
mial function where X ≈ +1 in the entire interval. In this sense, 
we can use the IPSO values directly as an OW + Ob magnitude 
estimate.

Another useful characteristic of data modelling is that in addi-
tion to the global IPSO calculation, partial (interval) areas can be 
calculated by simply changing the definite integral interval. That 
is, IPSO

60-72
, IPSO

72-84
, etc. Therefore, we evaluated the OW + Ob 

behavior in different age groups.

IPSO USAGE AND TESTING WITH 
ANTHROPOMETRIC DATA FROM NATIONAL 
SOURCES

We evaluated anthropometric school-age children´s data 
from the 1999  National Nutrition Survey (ENN) (22), Nation-
al Health and Nutrition Surveys (ENSANUT) from 2006  to 
2022 (18), and National Weight and Height Registry (RNPT) from 
2015 to 2018 (23). Table II presents the main characteristics of 
the datasets used in this study. In all surveys, a clustered and 
stratified sampling design was used to calculate the age and 
score-z means. All data were included in the RNPT case. All anal-
yses were conducted using SPSS version 27.0, and the resulting 
means were used in polynomial regression and definite integral 
tSQL scripts to obtain the models and indexes, respectively.

WEBSITE INTERFACE AND PLOTTING 
DEVELOPMENT

A website was developed to provide an open-access online 
tool to anyone who wants to analyze their own data by imple-
menting the algorithms. To host the site, Windows Server 2012/
IIS 8.0  and Active Server Pages (ASP Classic) language were 
used along with the SQL Server database. To provide visual 
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support to the IPSO calculation, the Chart Director plotting library 
(24) was implemented to display the sample data, model, and 
area under the curve that represents the IPSO (Fig. 1B).

This site can be accessed at https://ipso.slan.org.mx, on it 
user is requested to input the 7 data pairs as well as general 
information regarding its data. When a user submits their data, 
the IPSO index, polynomial function coefficients, model data, R2, 
and plot are obtained. When entering data, the user can choose 
to make it public or keep it confidential; thus, the IPSO website 
also serves as a data collection repository for OW + Ob preva-
lence from many sources and users. A diagram summarizing the 
operation of the IPSO website is shown in figure 2.

RESULTS

Table III presents the prevalences of OW + Ob, the global and 
partial IPSO values and R2  values for the present study data-
sets, i.e., the coefficients of fetermination (R²) for the models. 
The table shows a comparison and magnitude between the OW 
+ Ob prevalence and global IPSO values. Our results cover our 
first scenario as a simple method to compare and diagnose the 
magnitude of OW + Ob between populations. In a normally dis-
tributed population, approximately 16  % of the individuals are 
expected to be above one standard deviation (classified as OW + 
Ob), which is important for making comparisons and decisions.  

Figure 1. Examples to visualize IPSO algorithm

Figure 1. Examples to visualize IPSO algorithm. A. Actual sample data (black triangles) vs polynomial model (black line) obtained by the polynomial regression algorithm. 
B. IPSO plot generated by the calculation website.

Table II. Datasets used for IPSO testing and its main characteristics

No. Name Type Year(s)
Sample

n
Expanded

N*
Analysis

1 ENN-99

National, representative survey

1999 11,330 15,495,924
Historical series of national 

prevalence

2 ENSANUT 2006 2006 15,045 15,749,407

3 ENSANUT 2012 2012 16,467 16,556,878

4 ENSANUT-MC 2016 3,205 15,797,579

5 ENSANUT 2018 2018 6183 15,257,877

6 ENSANUT CONTINUA 2020-22 6950 15,606,778

7 RNPT
National Registry (Census-like) 
in school attending population

2015-18 13,693,416 N/A
Comparisons by sex, 

indigenous condition and 
private/ public schools

*Only for surveys with weighting.

A B



646 M. A. Ávila Arcos et al.

[Nutr Hosp 2025;42(4):641-651]

Table III. Prevalences of OW + Ob, global and partial IPSO values and R2 values for the 
present study datasets

Type 
of 

data
Year(s)

Dataset 
name/

population

OW + Ob IPSO (area units)

% 95 % CI 60-144 60-72 72-84 84-96 96-108 108-120120-132132-14472-144* R2

A. 
National 
Survey

1999 ENN 99 26.9 (25.9-27.8) 32.495 5.144 5.207 5.155 5.077 4.904 4.322 2.686 27.351 0.99842

2006 ENSANUT 2006 34.8 (33.3-36.3) 50.102 5.572 5.702 6.938 8.087 8.296 7.661 7.847 44.530 0.99700

2012 ENSANUT 2012 34.4 (33.3-35.6) 50.069 5.828 6.194 7.227 8.064 8.098 7.417 7.242 44.241 0.99526

2016 ENSANUT-MC 33.0 (29.6-37-2) 48.498 4.118 5.394 7.372 8.344 7.603 6.452 9.215 44.380 0.99776

2018 ENSANUT 2018 35.4 (33.3-37.5) 51.177 4.750 6.109 7.353 8.198 8.485 8.283 8.000 46.428 0.99947

2020-22
ENSANUT 
CONTINUA

37.2 (35.6-38.9) 53.111 5.306 5.900 6.505 7.553 9.017 10.073 8.757 47.805 0.99566

B. 
National 
Registry

2015-19

RNPT

All individuals 35.1 N/A 34.577 2.235 2.597 3.876 5.398 6.529 6.958 6.983 32.342 0.99994

Boys 37.9 N/A 41.575 3.127 3.199 4.523 6.312 7.759 8.369 8.286 38.449 0.99991

Girls 32.0 N/A 27.625 1.568 2.026 3.250 4.520 5.266 5.391 5.605 26.057 0.99998

Public 35.4 N/A 34.683 2.100 2.499 3.841 5.435 6.625 7.084 7.100 32.583 0.99990

Private 40.7 N/A 49.318 4.653 4.351 5.669 7.521 8.864 9.199 9.060 44.664 0.99998

Rural/
Indigenous

24.1 N/A 15.984 3.407 2.278 2.055 2.197 2.207 1.939 1.901 12.577 0.98714

*Suitable for elementary schools attending individuals.

Figure 2. User inputs, processes and outputs of IPSO website.
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IPSO values near zero are typical for normal populations, so any 
positive IPSO value indicates an OW + Ob magnitude, facilitating 
comparisons between different groups.

The OW + Ob magnitude obtained through IPSO
60-144

  was 
32.5 % for the initial survey (1999), after which an important 
increase led to 50.1 % in 2006. From this point, a constant in-
crease continued until it reached a peak of 53.1  in 2022  (Ta-
ble IIIA).

As explained previously, the second scenario was to verify 
whether the IPSO was capable of evaluating the OW + Ob be-
havior in different age groups, thus allowing the identification of 
the magnitude behavior inside and between every year of the 
school-age period. Regarding this, one can see that between 
1999 and 2012 all partial IPSO’s increase, in the 60-72 months 
group the shift is from 5.14 to 5.82 area units (+13.2 % relative 
increase), this contrast remarkably with the 132-144 group age, 
that passes from 2.68  to 7.24  area units (+170.1  % relative 
increase)! (Table IIIA).

The RNPT transversal data (Table IIIB) demonstrate that IPSO 
can detect differences in OW + Ob magnitude related to popu-
lation characteristics such as sex and socioeconomic status. For 
instance, girls had an IPSO of 27.62 area units, while boys had 
41.57 for a general (IPSO

60-144
) index value (Table III). The notori-

ous differences in IPSO values by the variable of interest (sex in 
this case) were precisely the third scenario of the main objective 
of present study. The period between 84-96 months (7-8 years) 
showed a significant rise in OW + Ob for both sexes, with 96-
108 months period (8-9  years) also marking critical increases 
(Fig. 3C).

Changes over time can also be visualized through IPSO, an 
example of which is the comparison of the National 1999 and 
2022  surveys (Table IIIA), which passed from 32.495  to 
53.111 area units in such a time lapse, representing a relative 
increase of 63.4 % in the OW + Ob magnitude, which cannot be 
detected using the raw prevalence comparison. The shift from 
26.9 % to 37.2 % corresponds to a 38.8 % relative increase, 
thereby underestimating the changes.

This relative OW + Ob increase of 63.4 % between the 1999 
and 2022  surveys can also be easily observed in the graphs 
produced by the IPSO website; in figure 3A, the graphics show 
the actual data pairs (points), the polynomial model as a line, and 
the area under the curve (orange shaded area) representing the 
IPSO

60-144
 model.

Since one of the IPSO’s website results consists in a monthly 
(x, y) data matrix, the data pairs of 60 to 144 “x” values and the 
“y” predicted by the polynomial model can be used to plot several 
population models in a single chart. An example of this can be 
seen in figure 3B, in which the OW + Ob magnitude increase 
over seven years is clearly represented as the area between the 
solid (1999) and dotted lines (2006).

The prevalence of OW + Ob has increased in recent decades, 
particularly in developed countries (25). These tools could help 
to document and measure childhood obesity as a major pub-
lic health concern. In this sense, the proposed IPSO models 
performed robustly when comparing the OW + Ob magnitude 
between populations at the global level, and the partial indices 
and plots allowed us to describe and visualize the behavior of 
the OW + Ob phenomenon through school-age time lapse.  

Figure 3. Comparison of IPSO Results

Figure 3. Comparison of IPSO results. A. Comparison of IPSO plosts for ENN 1999 vs ENSANUT CONTINUA 2020-2022 (continues on next page). 

A
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Figure 3 (cont). Comparison of IPSO results. B. Polynomial models data comparison between 1999 and 2006 surveys. C. IPSO plots and cascade charts representing 
the partial IPSO relative percentual change in boys and girl’s populations from RNPT (continues on next page). 

C

Figure 3. Comparison of IPSO Results

B
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In figure 3C, IPSO plots for boys and girls from RNPT are show 
side by side against the relative percentual change (RPC) of par-
tial IPSO values for each population (Table III, columns 60-72 to 
132-144) this RPC was defined as the “n” interval IPSO minus 
the “n-1” IPSO interval divided by the “n-1” IPSO. This relative 
change expresses how much the area has changed from one 
age group to the next as a percentage fraction of its initial state.

Figure 3D shows RNPT plots and data from three RNPT sub-
populations: children from private, public, and indigenous/rural 
schools. This allows for a quick comparison between the different 
groups, which behaves as expected, with the children from pri-
vate schools showing a greater IPSO value, whereas indigenous/
rural ones (from the poorest communities) presented smaller 
IPSO values.

DISCUSSION

Through the development of a polytomous model, this research 
corroborated its estimation, application and use across different 
data sources to assess the relationship between age in months 
and body mass index (BMI) z-score for age in children aged 60-
144  months. The results demonstrated the usefulness of the 
model for comparing the magnitude of overweight and obesity 
among different populations, constituting a visually clear and re-
liable tool for the analysis of indices in various subpopulations.

Although BMI does not directly express adiposity distribution, 
it is still used as one of the most important health parameters to 
evaluate OW + Ob. These conditions are recognized as serious 
threats to public health and are associated with chronic diseases 

and risk factors in terms of attributable deaths and disability-ad-
justed life-years in the adult population (26). For school-aged in-
dividuals, BMI is useful for assessing nutritional status during the 
growth period (27), and the magnitude of changes in prevalence 
during this period is key to describing this phenomenon among 
populations over time (28).

With the present work data we were able to identify using the 
IPSO an accelerated increase in OW + Ob magnitude around 
the age of 8 years, which led us to propose that this early age 
could be the best time for interventions aimed at addressing this 
problem in the population.

The results from the 1999 nutrition survey show a flattening 
and even a slight reduction in OW + Ob magnitude between 
9 and 11 years of age; this behavior is also noticed in the upcom-
ing surveys. Further research is needed on this behavior, such as 
the presence of early puberty, and its relationship with adiposity 
increases and growth rate decreases (29).

Similar to our findings, which identified sex-typical behaviors 
and early onset of overweight and obesity, these findings have 
been documented by other authors. For example, a secondary 
data analysis was conducted in El Salvador in children aged 6 to 
9 years, in which the authors reported a greater OW + Ob preva-
lence in 6 years old children (girls = 31.5 %, boys = 35.5 %) than 
in the 9 years old group (girls = 18.7 %, boys = 24.5 %) (30). 
In China, a population analysis in children aged 6  to 11 years 
found an alarming increase in OW + Ob prevalence in the 1991-
2011 period passing from 7.9 to 20.5 %; in this study, as in ours, 
boys had a higher prevalence of OW + Ob than girls (31).

For the analysis of behavior among other socioeconomic and 
sociodemographic variables such as rurality, characteristics 

Figure 3. Comparison of IPSO Results

Figure 3 (cont.). Comparison of IPSO results. D. IPSO plots and values of RNPT private, public and rural/indigenous schools and bar chart of IPSO values

corresponding to each population.
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and school environment, we identified that similarly, a study con-
ducted in El Salvador, the authors detected a greater prevalence 
of OW + Ob in urban schools (girls = 35.1 %, boys = 38.9 %) 
and private schools (girls = 42.2  %, boys = 46.6  %) than in 
rural (girls = 23.6 %, boys = 26.6 %) and public schools (girls = 
26.8 %, boys = 29.9 %) (30). This behavior of a greater magni-
tude in OW + OB in schools from wealthier and more urbanized 
areas is consistent with the results obtained using our IPSO test-
ing data and is usually related to a greater intake of high ener-
gy density products derived from non-healthy feeding patterns 
(33) and a greater exposure to obesogenic environments (34). 
Finally, a study conducted in England examined the relationships 
between socioeconomic variables, such as distance to super-
markets, income, population density, dwelling, employment, and 
education, with OW + Ob prevalence in the school-age popula-
tion. The results showed that regardless of dwelling, a positive 
relationship was found between distance to supermarkets and 
obesity, as children from urban areas were slightly more obese 
than those from rural areas, with the exception of children from 
families with higher incomes in urban areas (32).

The previous analyses and results obtained from several data 
sources allow us to propose IPSO as a novel tool for the epidemi-
ological assessment of OW + Ob in school-age children, mainly 
because it proved to be effective when comparing populations, 
contrasting subpopulations based on variables, and describing 
OW + Ob behavior through the 5-11 years old timelapse. Among 
its strengths compared to other model types, the present study 
data showed that the prevalence of OW + Ob does not necessar-
ily operate in a linear or exponential manner; in fact, such data 
tend to fluctuate between the age groups, and this is the scenario 
in which a 5th degree polynomial function performs better by 
modelling the inflection points in the data. However, the most 
important weakness is that a considerable number of observa-
tions are needed for each of the seven age groups to account 
for plausible prevalence values to compute the model. Another 
weakness is that, to date there is no extensive repository of IPSO 
values to compare the obtained results; however, this issue could 
be addressed gradually by spreading this index usage.

The use of standardized indices to evaluate populations pro-
vides results fundamental to public policy design and effect 
measurement. Furthermore, these results are essential for 
planning and focusing on actions to support highly exposed in-
dividuals.

CONCLUSION

The IPSO usage proposal as a standard to evaluate the OW 
+ Ob magnitude in school-age populations proved to be useful 
when comparing them, as well as when inspecting the behav-
ior of such magnitude over the age groups. The index also per-
formed well when comparing multiple populations from several 
sources and was able to contrast them in a direct and visually 
simple way to diagnose many populations and evaluate the di-
mensions of the OW + Ob problem among them. The IPSO is a 

novel proposal that intends to contribute to existing OW + Ob 
surveillance and monitoring tools, such as the NCD Risk Fac-
tor Collaboration (35,36), WHO Global Health Observatory (37), 
Global Burden of Disease Study (38,39), and Global Nutrition 
Report (40). The IPSO is a tool that can be used in further re-
search on OW + Ob magnitude in school-age populations and, in 
this way, contributes to direct or changing the recommendations 
about local interventions and public policies.

REFERENCES

1.	 Worldwide trends in underweight and obesity from 1990 to 2022: a pooled 
analysis of 3663 population-representative studies with 222 million children, 
adolescents, and adults. Lancet (London, England) 2024;403(10431):1027-
50. DOI: 10.1016/s0140-6736(23)02750-2

2.	 Popkin BM. Nutritional Patterns and Transitions. Population and Development 
Review 1993;19(1):138-57. DOI: 10.2307/2938388

3.	 Jaacks LM, Vandevijvere S, Pan A, McGowan CJ, Wallace C, Imamura F, et 
al. The obesity transition: stages of the global epidemic. The lancet Diabetes 
& endocrinology 2019;7(3):231-40. DOI: 10.1016/s2213-8587(19)30026-9

4.	 Akinyemiju T, Moore JX, Pisu M, Judd SE, Goodman M, Shikany JM, et al. 
A Prospective Study of Obesity, Metabolic Health, and Cancer Mortality 
2018;26(1):193-201. DOI: 10.1002/oby.22067

5.	 Barros WMA, da Silva KG, Silva RKP, Souza A, da Silva ABJ, Silva MRM, et 
al. Effects of Overweight/Obesity on Motor Performance in Children: A Sys-
tematic Review. Frontiers in endocrinology 2021;12:759165. DOI: 10.3389/
fendo.2021.759165

6.	 Smith JD, Fu E, Kobayashi MA. Prevention and Management of Childhood 
Obesity and Its Psychological and Health Comorbidities. Annual review 
of clinical psychology 2020;16:351-78. DOI: 10.1146/annurev-clinp-
sy-100219-060201

7.	 Pont SJ, Puhl R, Cook SR, Slusser W. Stigma Experienced by Children and Ado-
lescents With Obesity. Pediatrics 2017;140(6). DOI: 10.1542/peds.2017-3034

8.	 Ling J, Chen S, Zahry NR, Kao TA. Economic burden of childhood over-
weight and obesity: A systematic review and meta-analysis. Obesity reviews 
: an official journal of the International Association for the Study of Obesity 
2023;24(2):e13535. DOI: 10.1111/obr.13535

9.	 Ávila Curiel A, Galindo Gómez C, Juárez Martínez L, García-Guerra A, Del 
Monte Vega MY, Martínez Domínguez J, et al. Mala nutrición en población 
escolar mexicana: factores geográficos y escolares asociados. Global Health 
Promotion 2022;29(2):126-35. DOI: 10.1177/17579759211038381

10.	 Ávila-Curiel A, Juárez-Martínez L, Del Monte-Vega M, Ávila Arcos MA, Galin-
do-Gómez C, Ambrocio-Hernández R. Estado de Nutrición en Población Esco-
lar Mexicana que Cursa el Nivel de Primaria. Instituto Nacional de Ciencias 
Médicas y Nutrición Salvador Zubirán; 2016.

11.	 Hernández-Cordero S, Cuevas-Nasu L, Morán-Ruán MC, Méndez-Gómez 
Humarán I, Ávila-Arcos MA, Rivera-Dommarco JA. Overweight and obesity 
in Mexican children and adolescents during the last 25 years. Nutrition & 
diabetes 2017;7(3):e247. DOI: 10.1038/nutd.2016.52

12.	 Shamah-Levy T, Gaona-Pineda EB, Cuevas-Nasu L, Morales-Ruan C, Valenzue-
la-Bravo DG, Méndez-Gómez Humaran I, et al. Prevalencias de sobrepeso y obe-
sidad en población escolar y adolescente de México. Ensanut Continua 2020-
2022. Salud publica de Mexico 2023;65:s218-s24. DOI: 10.21149/14762

13.	 Guedes DP, De Matos JA, Lopes VP, Ferreirinha JE, Silva AJ. Physical growth 
of schoolchildren from the Jequitinhonha Valley, Minas Gerais, Brazil: Com-
parison with the CDC-2000 reference using the LMS method. Annals of 
human biology 2010;37(4):574-84. DOI: 10.3109/03014460903524469

14.	 de Onis M, Frongillo EA, Blössner M. Is malnutrition declining? An analysis 
of changes in levels of child malnutrition since 1980. Bulletin of the World 
Health Organization 2000;78(10):1222-33.

15.	 Campos-Nonato I, Galván-Valencia Ó, Hernández-Barrera L, Oviedo-Solís 
C, Barquera S. Prevalencia de obesidad y factores de riesgo asociados en 
adultos mexicanos: resultados de la Ensanut 2022. Salud publica de Mexico 
2023;65:s238-s47. DOI: 10.21149/14809

16.	 Cuevas-Nasu L, Muñoz-Espinosa A, Shamah-Levy T, García-Feregrino R, 
Gómez-Acosta LM, Ávila-Arcos MA, et al. Estado de nutrición de niñas y 
niños menores de cinco años en México. Ensanut 2022. Salud publica de 
Mexico 2023;65:s211-s7. DOI: 10.21149/14799



651

[Nutr Hosp 2025;42(4):641-651]

POLYNOMIAL INDEX OF OVERWEIGHT AND OBESITY (IPSO): A NOVEL EPIDEMIOLOGICAL APPROACH TO MEASURE
AND COMPARE BODY MASS INDEX/AGE z-SCORE AMONG POPULATIONS AGED 5-11 

17.	 de Onis M, Lobstein T. Defining obesity risk status in the general childhood 
population: which cut-offs should we use? International journal of pediatric 
obesity: an official journal of the International Association for the Study of 
Obesity 2010;5(6):458-60. DOI: 10.3109/17477161003615583

18.	 Secretaría de Salud, Centro de Investigación en Evaluación y Encuestas Insti-
tuto Nacional de Salud Pública. Encuesta Nacional de Salud y Nutrición, bases 
de datos; 2024. Available from: https://ensanut.insp.mx/.

19.	 Avila-Curiel A, Shamah T, Barragán L, Chávez A, Avila M, Juárez L. An epi-
demiological index to assess the nutritional status of children based in a 
polynomial model of values from Z punctuation for the age in Mexico. Archivos 
latinoamericanos de nutricion 2004;54(1):50-7.

20.	 de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Development 
of a WHO growth reference for school-aged children and adolescents. Bulletin of 
the World Health Organization 2007;85(9):660-7 DOI: 10.2471/blt.07.043497

21.	 Chapra SC, Canale RP. Numerical methods for engineers. Seventh edition. 
ed. New York, NY: McGraw-Hill Education; 2015. xvi. 970 p.

22.	 Mexico. Gd. Datos Abiertos, Encuesta Nacional de Nutrición ENN 1999; 
2017. Available from: https://datos.gob.mx/busca/dataset/encuesta-na-
cional-de-nutricion-enn-1999.

23.	 Dirección de Nutrición I. Registro Nacional de Peso y Talla; 2024. Available 
from: http://rnpt.sivne.org.mx/pagina_/index.php.

24.	 Advanced Software Enginering Ltd. Chart Director, The Universal Chart and 
Graph Plotting Library; 2016.

25.	 Han JC, Lawlor DA, Kimm SY. Childhood obesity. Lancet (London, England) 
2010;375(9727):1737-48. DOI: 10.1016/s0140-6736(10)60171-7

26.	 Global Burden of Disease Collaborative Network. Global Burden of Disease 
Study 2017 (GBD 2017) Reference Life Table 2018.

27.	 Rolland-Cachera MF. Childhood obesity: current definitions and recommenda-
tions for their use. International journal of pediatric obesity: an official journal 
of the International Association for the Study of Obesity 2011;6(5-6):325-31. 
DOI: 10.3109/17477166.2011.607458

28.	 Chen LK, Wang G, Bennett WL, Ji Y, Pearson C, Radovick S, et al. Trajectory of 
Body Mass Index from Ages 2 to 7 Years and Age at Peak Height Velocity in 
Boys and Girls. The Journal of pediatrics 2021;230:221-9.e5 DOI: 10.1016/j.
jpeds.2020.11.047

29.	 Sørensen K, Aksglaede L, Petersen JH, Juul A. Recent Changes in Puber-
tal Timing in Healthy Danish Boys: Associations with Body Mass Index. The 
Journal of Clinical Endocrinology & Metabolism 2010;95(1):263-70. DOI: 
10.1210/jc.2009-1478

30.	 Pérez W, Melgar P, Garcés A, de Marquez AD, Merino G, Siu C. Overweight 
and obesity of school-age children in El Salvador according to two interna-
tional systems: a population-based multilevel and spatial analysis. BMC public 

health 2020;20(1):687. DOI: 10.1186/s12889-020-08747-w
31.	 Gordon-Larsen P, Wang H, Popkin BM. Overweight dynamics in Chinese chil-

dren and adults. Obesity reviews : an official journal of the International Associa-
tion for the Study of Obesity 2014;15(Suppl 1):37-48. DOI: 10.1111/obr.12121

32.	 Titis E, Di Salvatore J, Procter R. Socio-economic correlates of childhood 
obesity in urban and rural England. Public health nutrition 2023;26(9):1815-
27. DOI: 10.1017/s1368980023000952

33.	 Turner C, Kalamatianou S, Drewnowski A, Kulkarni B, Kinra S, Kadiyala S. Food 
Environment Research in Low- and Middle-Income Countries: A Systematic 
Scoping Review. Advances in nutrition (Bethesda, Md) 2020;11(2):387-97. 
DOI: 10.1093/advances/nmz031

34.	 García-Chávez CG, Rodríguez-Ramírez S, Rivera JA, Monterrubio-Flores E, 
Tucker KL. Sociodemographic factors are associated with dietary patterns 
in Mexican schoolchildren. Public health nutrition 2018;21(4):702-10. DOI: 
10.1017/s1368980017003299

35.	 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-
mass index, underweight, overweight, and obesity from 1975 to 2016: 
a pooled analysis of 2416 population-based measurement studies in 
128·9 million children, adolescents, and adults. Lancet (London, England). 
2017;390(10113):2627-42. DOI: 10.1016/s0140-6736(17)32129-3

36.	 Trends in adult body-mass index in 200 countries from 1975 to 2014: a 
pooled analysis of 1698 population-based measurement studies with 
19·2 million participants. Lancet (London, England) 2016;387(10026):1377-
96. DOI: 10.1016/s0140-6736(16)30054-x

37.	 World Health Organization. The global wealth observatory, Prevalence of 
overweight among children and adolescents, BMI > +1 standard devi-
ations above the median (crude estimate) (%); 2022. Available from: 
https://www.who.int/data/gho/data/indicators/indicator-details/GHO/preva-
lence-of-overweight-among-children-and-adolescents-bmi-1-standard-de-
viations-above-the-median-(crude-estimate)-(-)

38.	 Afshin A, Forouzanfar MH, Reitsma MB, Sur P, Estep K, Lee A, et al. Health 
Effects of Overweight and Obesity in 195 Countries over 25 Years. The 
New England journal of medicine 2017;377(1):13-27. DOI: 10.1056/NEJ-
Moa1614362

39.	 Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, 
regional, and national prevalence of overweight and obesity in children and 
adults during 1980-2013: a systematic analysis for the Global Burden of 
Disease Study 2013. Lancet (London, England) 2014;384(9945):766-81. 
DOI: 10.1016/s0140-6736(14)60460-8

40.	 Development Initiatives Poverty Research Ltd. 2021 Global Nutrition Report: 
The state of global nutrition. Bristol, UK: Development Initiatives; 2021. Avail-
able from: https://globalnutritionreport.org/




