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Chapter 16
Height, Weight, and Body Mass Index 
in Salvadoran Schoolchildren 
from the Bajo Lempa Rural Region

Roberto Pedrero-Tomé, María Sánchez-Álvarez, Noemí López-Ejeda, 
and M. D. Marrodán-Serrano

16.1  Introduction

Anthropometry enables us to describe the biological process of human growth in a 
simple and reproducible manner. By measuring only height and weight, it is possi-
ble to determine the changes in size during the ontogenetic process. Addition of 
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other dimensions such as perimeters, diameters, or subcutaneous adipose skinfolds 
broadens the knowledge about the developmental pattern of body shape and 
composition.

Growth monitoring is an excellent strategy to assess health and nutritional status. 
However, the basis of all clinical and epidemiological diagnoses is comparison with 
reference values. For this reason, it is necessary to have patterns that serve as a ref-
erence when establishing assessment criteria. Growth curves and tables make it 
possible to check whether a given individual is within the limits of variability that 
correspond to the population by age and sex. These curves and tables show graphi-
cally and numerically the anthropometric values that correspond to the normal onto-
genetic variation. These patterns are usually called standards for children below 
5 years of age and references for the higher age-groups; curves are constructed from 
cross-sectional, longitudinal or semi-longitudinal studies for the standards and from 
cross-sectional studies for the latter. As rightly explained by Khadilkar (2013), a 
standard must be constructed from a study elaborated with strict inclusion and 
exclusion criteria to ensure that it is a healthy sample. The growth model of a stan-
dard therefore, represents how children “should grow” in conditions that allow them 
to express their full genetic potential. Whereas a reference simply shows how chil-
dren and adolescents of a sample representing a given population grow.

Considering the world’s vast ethnic and population diversity, the controversy 
over which standards or references to use is still open (Cole, 2022). In the past, 
researchers such as Waterlow et al. (1977) and Johnston (1986) were in favor of 
universal use of growth charts and curves derived from the study conducted between 
1971 and 1975 by the American National Center for Health Statistics -NCHS 
(Hamill et al., 1977). Those were widely used by the World Health Organization 
(WHO) from different countries’ health and nutrition surveillance programs. In 
addition, data from the National Health and Nutrition Examination Survey 
(NHANES) have also been frequently used as an international reference 
(Frisancho, 1990).

Some specialists defend the “universality of growth potential” in all populations, 
which means that all children who grow in optimal environment conditions from 
health, and nutritional point of view, should grow in the same way and with the 
same speed at least during the first 5 years of life (Onyango & de Onís, 2008). Based 
on that premise, in 2006, WHO published the growth standards for children under 
5 years of age, based on a sample of children from different continents: Pelotas 
(Brazil) and Davis (USA) in the Americas, Accra (Ghana) in Africa, Delhi (India) 
and Muscat (Oman) in Asia and Oslo (Norway) in Europe. That study had a semi- 
longitudinal design, and the selected children were born to non-smoking mothers 
and had been exclusively breastfed for a minimum of 4 months. These conditions 
would guarantee a suitable environment for achieving the maximum level of growth. 
Therefore, these standards have a “prescriptive” character showing how children 
should grow.

In 2007, WHO published the growth references for boys and girls between 5 and 
19 years of age, but in this case, data come from the First National Health Survey of 
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the United States, known as NHANES I, which was carried out in the 1970s. The 
mathematical methods applied to fit and model the curves were updated, but it is 
worth asking to what extent these tables represent the ontogenetic variability of the 
world population. As indicated in previous paragraphs, the Multicenter Growth 
Study that gave rise to the standards for children under 5 years of age, very strict 
criteria were applied for the selection of sample. The inclusion and exclusion crite-
ria ensured that the participating children were healthy and could represent an opti-
mal growth pattern or aspirational goal for our species. In contrast, for the elaboration 
of the WHO references between 5 and 19 years of age, previously published studies 
(mostly national surveys) were used as a starting point. The WHO 2007 growth 
reference did not select the samples with a clear criterion of healthy children. 
Environmental or nutritional conditions were not controlled for, so the references 
are “descriptive” in nature, i.e., they describe how subjects grow in the absence of 
disease and in an environment that is not overtly adverse.

Some countries have their national references. For example, Tanner (1966) 
published patterns for the British population and Roede (1985) for European Dutch 
children. Later, references were published for Spain (Hernández et  al., 1988; 
Carrascosa et al., 2008), Italy (Cacciari et al., 2002), Norway (Júlíusson et al., 2009) 
Finlad (Saari et al., 2011) and Croatia (Juresa et al., 2012), among others. In Asia, 
growth charts for Iran (Hosseini et  al., 1998), Saudi Arabia (El-Mouzzan et  al., 
2007), Japan (Suwa & Tachibana, 1993), China (Li et  al., 2009), Taiwan (Chen 
et al., 2010), India (Khadilkar et al., 2015) and Korea (Kim et al., 2018) are worth 
mentioning. In Latin America, Faulhaber (1976) elaborated on growth patterns for 
the population of Mexico, Jordan (1979) for the Cuban population, and Lejarraga 
and Orfila (1987) for the Argentine population. More recently, Carmenate et  al. 
(2015) published references for the Dominican Republic.

All the cited references, which reflect a greater or lesser extent the ethnic and 
population diversity of each country, may be more appropriate for the medical diag-
nosis of individuals. Nevertheless, from an epidemiological point of view, the appli-
cation of WHO references may be more beneficial for the contrast between 
populations, socioeconomic groups, meta-analysis studies, or secular trend research 
(Garrido-Miguel et al., 2017).

At present, El Salvador has no national growth reference curves to evaluate 
physical growth and nutritional status of its children. The current protocol of the 
Ministry of Health for evaluating nutritional status in children and adolescents 
considers the reference values for anthropometric measurements proposed by the 
WHO (MINSAL, 2013).

In this background, objective of the present study was to characterize the 
expression of child and adolescent physical growth in the Salvadoran school 
population of the Bajo Lempa region and to compare the growth pattern both with 
WHO references and with those corresponding to another population located in 
Central America, such as the Dominican Republic.
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16.2  Materials and Methods

16.2.1  Population and Scope of the Study

This research was carried out in the Bajo Lempa region of El Salvador. It is an 
impoverished and relatively young rural area since the current population, made up 
mainly of families of ex-combatants and displaced persons from the civil war that 
the country suffered between 1979 and 1992, settled after the signing of the Peace 
Accords in 1992.

This region is strongly threatened by climatic factors that endanger crops and 
food reserves, such as frequent flooding due to rainfall and overflowing rivers, espe-
cially between May and October (Asociación-Fundación para la Cooperación y el 
Desarrollo Comunal de El Salvador, 2017). Previous studies conducted by 
the authors detected a high percentage of food insecurity (58.7%) in a survey among 
143 families in the same region. Furthermore, stunting (low height-for-age) affected 
almost 9% of the school population (Pedrero-Tomé et al., 2020).

16.2.2  Sample Composition and Anthropometry

A semi-longitudinal growth study was conducted among 948 Salvadoran 
schoolchildren (458 boys and 490 girls) aged 5–16  years, attending six public 
schools (Guajoyo, Granzazo, Caserío Rancho Grande, San Bartolo, Santa Marta, 
and Los Naranjos) located in the Bajo Lempa region (Municipality of Tecoluca, 
Department of San Vicente, El Salvador) (Fig. 16.1). Data were collected in August 
2018, October 2019, and September 2021.

Fig. 16.1 Geographic location of the studied Salvadoran communities
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Table 16.1 Distribution of the sample by sex and age

Age (years)
Male (n = 458) Female (n = 490)
n % n %

5 25 5.5 30 6.1
6 46 10.0 51 10.4
7 56 12.2 54 11.0
8 63 13.8 59 12.0
9 58 12.7 63 12.9
10 54 11.8 65 13.3
11 54 11.8 51 10.4
12 41 9.0 37 7.6
13 23 5.0 37 7.6
14 15 3.3 17 3.5
15 12 2.6 18 3.7
16 11 2.4 8 1.6

This research was conducted according to the ethical principles described by the 
World Medical Association (2013) and approved by the ethics committee of the 
Complutense University of Madrid and the National University of El Salvador. The 
objectives and procedures of the study were detailed in informal meetings at each 
school. The study included all the children who orally affirmed their collaboration 
and whose mothers, fathers, or legal guardians had previously signed the informed 
consent form (Table 16.1).

Anthropometric evaluations were performed by anthropometrists certified as 
level 1 by the International Society for the Advancement of Kinanthropometry 
(ISAK). The measurements were taken under the technical recommendations of the 
International Biological Program (IBP) (Weiner & Louire, 1981), with duly cali-
brated instruments before the commencement of each session. Three values were 
recorded for each variable. Weight (kg) was recorded using a TANITA digital scale 
with an accuracy of 100 grams, and height (cm) was taken using a SECA anthro-
pometer with an accuracy of 1 mm. From these two anthropometric measurements, 
body mass index (BMI) was calculated using the formula [BMI = weight 
(kg)/height (m)2].

16.2.3  Data Analysis

The LMS (lambda-mu-sigma) method was applied to model the growth curves for 
weight, height, and BMI of Salvadoran schoolchildren by age and sex. This tech-
nique transforms the anthropometric data using the Box-Cox method, adapting 
them to a normal distribution and significantly reducing the possible effects of 
asymmetry of the variables (Cole & Green, 1992); then models and combines three 
smoothed curves from which age- and sex-specific growth percentiles can be 
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obtained (Cole, 1988; Cole & Green, 1992; Rigby & Stasinopoulos, 2005). These 
smoothed curves represent the parameters of the Box-Cox (Cole & Green, 1992). 
They are (1) the power needed to normalize data (lambda, L), (2) the median (mu, 
M), and (3) the coefficient of variation of the distribution for each age (sigma, S).

The results obtained were checked for compliance with the requirements of the 
LMS methodology, including that the percentile curves should grow (and not 
decrease) considering time, should change sufficiently with age, and should take 
into the account that growth pattern may be nonlinear (Muggeo et al., 2013; Ohuma 
& Altman, 2019).

The growth curves were created by calculating nine percentiles (3rd, 5th, 10th, 
25th, 50th, 75th, 90th, 95th, and 97th) for each anthropometric variable. In addition, 
they were compared with the international growth reference of WHO (2007) and the 
Dominican Republic’s national references (Carmenate et al., 2015). First, a graphi-
cal comparison was made by representing three centiles per group (3rd, 25th, and 
97th). Secondly, the absolute differences between all possible combinations of the 
three references for the same centiles were plotted. Data processing was performed 
with the gamlss package of the R statistical analysis program R Core Team (2022).

16.3  Results

Tables 16.2, 16.3, 16.4, 16.5, 16.6 and 16.7 present the nine smoothed percentiles 
(3rd, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 97th) and the L, M, and S values for 
the variables weight (kg), height (cm), and BMI (kg/m2) according to sex and age.

Figures 16.2, 16.3 and 16.4 illustrate the comparison of the 3rd, 50th, and 97th 
percentiles of the current Salvadoran sample’s weight, height, and BMI references 
with the WHO international reference and the national reference of the Dominican 
Republic. Figure 16.2 shows the ontogenic evolution of weight in the different ref-
erences. Very slight differences are detected for the 3rd and 50th percentiles. In 
contrast, for 97th percentile, both Central American series significantly exceed the 
values corresponding to the WHO references. This is the case for both boys and 
girls, especially in the Salvadoran sample.

Figure 16.3 shows height growth pattern. In general, growth of Salvadorans 
conforms reasonably close to the WHO curves up to prepubertal ages, being for all 
percentiles lower than that of Dominicans. However, the differences increase after 
10 or 11 years, showing both Central American series clearly below the WHO val-
ues. This phenomenon is even more evident in the female series.

As shown in Fig. 16.4, and as expected, once the growth model for weight and 
height was known, the percentile values of BMI in Salvadoran children exceeded 
those corresponding to the WHO references. The distance between the curves is 
small for 3rd and 50th but very pronounced for 97th in both sexes.

Figures 16.5, 16.6 and 16.7 show the difference in absolute values for the 3rd, 
50th, and 97th percentiles of weight, height, and BMI between the three references: 
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Table 16.2 Smoothed percentiles, and L, M, and S values for weight (kg) in boys

Age (years) L M S P3 P5 P10 P25 P50 P75 P90 P95 P97

5.0 1.00 18.52 0.23 14.62 14.97 15.57 16.77 18.52 21.01 24.47 27.61 30.42
5.5 1.00 19.72 0.20 15.42 15.81 16.47 17.79 19.72 22.48 26.30 29.78 32.90
6.0 1.00 20.97 0.20 16.25 16.67 17.40 18.85 20.97 24.00 28.22 32.05 35.48
6.5 1.00 22.26 0.21 17.08 17.55 18.34 19.93 22.26 25.59 30.21 34.39 38.13
7.0 1.00 23.59 0.23 17.94 18.45 19.31 21.05 23.59 27.23 32.25 36.79 40.82
7.5 1.00 24.97 0.24 18.82 19.37 20.32 22.21 24.97 28.92 34.35 39.21 43.51
8.0 1.00 26.41 0.24 19.73 20.33 21.35 23.40 26.41 30.67 36.49 41.66 46.19
8.5 1.00 27.89 0.23 20.66 21.31 22.42 24.64 27.89 32.47 38.69 44.14 48.87
9.0 1.00 29.42 0.23 21.62 22.32 23.52 25.92 29.42 34.34 40.94 46.66 51.56
9.5 1.00 31.01 0.23 22.61 23.37 24.66 27.25 31.01 36.27 43.24 49.21 54.26
10.0 1.00 32.66 0.24 23.62 24.44 25.84 28.62 32.66 38.25 45.59 51.78 56.93
10.5 1.00 34.36 0.25 24.68 25.56 27.06 30.05 34.36 40.29 47.96 54.32 59.55
11.0 1.00 36.12 0.26 25.78 26.73 28.34 31.54 36.12 42.38 50.35 56.84 62.10
11.5 1.00 37.95 0.26 26.94 27.95 29.68 33.09 37.95 44.51 52.74 59.32 64.57
12.0 1.00 39.85 0.25 28.15 29.24 31.08 34.71 39.85 46.69 55.14 61.78 66.98
12.5 1.00 41.81 0.24 29.43 30.59 32.55 36.40 41.81 48.93 57.56 64.22 69.36
13.0 1.00 43.84 0.23 30.77 32.00 34.09 38.16 43.84 51.21 60.01 66.67 71.75
13.5 1.00 45.94 0.21 32.16 33.48 35.69 40.00 45.94 53.57 62.51 69.17 74.17
14.0 1.00 48.11 0.19 33.61 35.01 37.36 41.90 48.11 55.99 65.07 71.73 76.67
14.5 1.00 50.36 0.19 35.12 36.60 39.09 43.88 50.36 58.49 67.71 74.37 79.26
15.0 1.00 52.69 0.19 36.67 38.24 40.88 45.92 52.69 61.08 70.45 77.12 81.97
15.5 1.00 55.11 0.17 38.27 39.94 42.72 48.03 55.11 63.75 73.28 79.98 84.80
16.0 1.00 57.60 0.16 39.90 41.68 44.63 50.22 57.60 66.53 76.23 82.97 87.78

Salvadorans children vs. WHO references (ES – WHO), Salvadorans vs. Dominicans 
children (ES – DR) and Dominicans children vs. WHO references (DR – WHO).

Figure 16.5 shows the absolute differences between the 3rd, 50th, and 97th 
percentiles for weight growth patterns among the three references. Practically in all 
cases, Salvadoran schoolchildren have higher weight values than Dominican school-
children. The most considerable differences are found while comparing the 97th 
percentile data of the Central American samples with the international reference. In 
the case of the 97th percentile, Salvadoran 5-year-old boys are already 6 kg heavier 
than their peers of the international reference, raising this value to 12 kg at the age 
of 10 years. The case of girls is quite similar, as they present 4 kg more at 5 years of 
age, reaching 14 kg more than the WHO reference.

It is important to note that the two Central American populations are below the 
international reference in height (Fig. 16.6). Regardless of the percentile or sex, the 
trend observed for the differences increases with age in both cases. Those differ-
ences are markedly high, so the Salvadorans are 5, 9, and 15 cm and Dominicans 15, 
11, and 7 cm below the WHO reference for 3rd, 50th, and 97th percentiles, respec-
tively. A more remarkable growth in height is reported in the Salvadoran sample 
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Table 16.3 Smoothed percentiles, and L, M, and S values for weight (kg) in girls

Age (years) L M S P3 P5 P10 P25 P50 P75 P90 P95 P97

5.0 1.00 18.11 0.21 14.18 14.55 15.17 16.38 18.11 20.46 23.47 25.96 28.02
5.5 1.00 19.18 0.21 14.94 15.32 15.97 17.27 19.18 21.80 25.07 27.74 29.91
6.0 1.00 20.38 0.20 15.77 16.16 16.85 18.25 20.38 23.32 26.92 29.76 32.03
6.5 1.00 21.70 0.20 16.66 17.08 17.79 19.30 21.70 25.04 29.01 32.04 34.41
7.0 1.00 23.13 0.20 17.62 18.04 18.79 20.42 23.13 26.96 31.36 34.61 37.07
7.5 1.00 24.67 0.22 18.62 19.06 19.84 21.60 24.67 29.10 34.01 37.49 40.05
8.0 1.00 26.33 0.25 19.65 20.10 20.93 22.85 26.33 31.41 36.92 40.69 43.40
8.5 1.00 28.08 0.26 20.70 21.18 22.07 24.17 28.08 33.86 40.04 44.18 47.12
9.0 1.00 29.94 0.25 21.77 22.3 23.27 25.59 29.94 36.40 43.31 47.93 51.19
9.5 1.00 31.90 0.26 22.86 23.45 24.55 27.13 31.90 38.98 46.64 51.84 55.55
10.0 1.00 33.95 0.27 23.96 24.66 25.91 28.79 33.95 41.52 49.91 55.79 60.07
10.5 1.00 36.06 0.27 25.08 25.9 27.37 30.60 36.06 43.92 52.96 59.58 64.54
11.0 1.00 38.17 0.28 26.19 27.18 28.91 32.53 38.17 46.08 55.64 63.00 68.71
11.5 1.00 40.23 0.29 27.29 28.48 30.51 34.53 40.23 47.98 57.85 65.84 72.23
12.0 1.00 42.18 0.29 28.37 29.78 32.12 36.51 42.18 49.61 59.60 68.00 74.91
12.5 1.00 43.96 0.28 29.43 31.05 33.67 38.40 43.96 51.04 60.95 69.51 76.65
13.0 1.00 45.58 0.27 30.49 32.28 35.16 40.13 45.58 52.33 62.02 70.48 77.56
13.5 1.00 47.05 0.26 31.55 33.49 36.55 41.70 47.05 53.52 62.90 71.06 77.84
14.0 1.00 48.43 0.24 32.64 34.70 37.90 43.16 48.43 54.66 63.66 71.40 77.76
14.5 1.00 49.76 0.21 33.79 35.94 39.26 44.59 49.76 55.75 64.35 71.65 77.57
15.0 1.00 51.09 0.18 34.98 37.26 40.72 46.11 51.09 56.76 64.96 71.89 77.48
15.5 1.00 52.47 0.16 36.22 38.70 42.38 47.84 52.47 57.62 65.40 72.13 77.61
16.0 1.00 53.90 0.15 37.56 40.36 44.34 49.83 53.90 58.32 65.63 72.26 77.81

than in the Dominican sample, to the point that the difference in absolute values 
between the two countries is reversed.

Figure 16.7 shows the differences in absolute values for BMI among the three 
references mentioned. In general terms, the Dominicans present the lowest BMI 
values at all ages, followed by those of the WHO reference and the Bajo Lempa 
sample. The disproportionate changes of BMI of the Salvadoran sample for the 97th 
percentile compared with the Dominican and WHO references is very striking. It 
should be noted that, although the differences in absolute values tend to attenuate, 
an excessive growth is observed for this variable in Salvadoran boys and girls, 
reaching a peak at the age of 10–11 years.

16.4  Discussion

Physical growth pattern of Salvadoran schoolchildren in the Bajo Lempa region 
differs from the WHO reference. Although the distance between the curves is small 
at the initial ages, the differences increase at 10–11 years in the male series and 
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Table 16.4 Smoothed percentiles, and L, M, and S values for height (cm) in boys

Age 
(years) L M S P3 P5 P10 P25 P50 P75 P90 P95 P97

5.0 1.00 109.57 0.05 98.03 99.90 102.44 106.05 109.57 112.97 116.22 118.36 119.88

5.5 1.00 112.73 0.04 100.96 102.87 105.46 109.14 112.73 116.21 119.52 121.72 123.28

6.0 1.00 115.67 0.04 103.68 105.62 108.26 112.01 115.67 119.20 122.59 124.83 126.42

6.5 1.00 118.44 0.05 106.25 108.22 110.90 114.71 118.44 122.03 125.48 127.77 129.39

7.0 1.00 121.19 0.05 108.80 110.81 113.53 117.40 121.19 124.85 128.35 130.69 132.34

7.5 1.00 124.02 0.05 111.44 113.48 116.24 120.18 124.02 127.74 131.32 133.69 135.38

8.0 1.00 126.79 0.05 114.02 116.09 118.89 122.89 126.79 130.57 134.20 136.62 138.33

8.5 1.00 129.32 0.05 116.40 118.49 121.33 125.37 129.32 133.15 136.83 139.28 141.02

9.0 1.00 131.66 0.05 118.62 120.73 123.59 127.67 131.66 135.53 139.25 141.73 143.50

9.5 1.00 133.91 0.05 120.76 122.89 125.78 129.89 133.91 137.81 141.56 144.07 145.86

10.0 1.00 136.15 0.05 122.93 125.07 127.97 132.11 136.15 140.08 143.87 146.41 148.21

10.5 1.00 138.49 0.04 125.19 127.34 130.26 134.42 138.49 142.45 146.27 148.82 150.64

11.0 1.00 140.97 0.04 127.60 129.76 132.70 136.88 140.97 144.95 148.80 151.37 153.21

11.5 1.00 143.65 0.05 130.21 132.39 135.33 139.54 143.65 147.65 151.53 154.12 155.97

12.0 1.00 146.63 0.05 133.13 135.31 138.27 142.49 146.63 150.66 154.56 157.17 159.04

12.5 1.00 149.97 0.05 136.40 138.59 141.57 145.81 149.97 154.02 157.95 160.59 162.47

13.0 1.00 153.51 0.04 139.88 142.08 145.07 149.33 153.51 157.59 161.54 164.20 166.10

13.5 1.00 157.01 0.04 143.34 145.55 148.54 152.81 157.01 161.10 165.07 167.74 169.66

14.0 1.00 160.13 0.04 146.48 148.69 151.67 155.94 160.13 164.22 168.20 170.87 172.79

14.5 1.00 162.58 0.04 149.03 151.22 154.18 158.42 162.58 166.65 170.61 173.27 175.19

15.0 1.00 164.32 0.04 150.93 153.09 156.02 160.20 164.32 168.34 172.26 174.90 176.80

15.5 1.00 165.36 0.04 152.21 154.33 157.21 161.32 165.36 169.32 173.18 175.79 177.66

16.0 1.00 165.82 0.03 152.95 155.02 157.84 161.86 165.82 169.70 173.49 176.05 177.89

11–12 years in the female series. From these peripubertal ages, Salvadoran boys and 
girls present height, clearly below that described by WHO, as seen from the percen-
tile values. However, the weight is closer to the WHO references, although it slightly 
exceeds the median value and, especially, the 97th percentile one. Consequently, a 
lower height and higher weight are reflected in the BMI distribution of Salvadoran 
children, which also presents figures more elevated than the WHO references at 
50th percentile and even higher at 97th.

Physical growth is a biological process with a genetic predisposition influenced 
by epigenetic and environmental factors. Economic factors are essential because 
they determine other issues such as education, housing, health care, hygiene, and 
food. According to the most up-to-date view, optimal nutrition, absence of disease, 
healthy environment, and favourable economic circumstances guaranteeing essen-
tial family support are prerequisites for successful growth regulation in children 
(Bogin et al., 2018). It is complex to discern to what extent the genetic composition 
determines short stature of Salvadorans since the analyzed sample lives under envi-
ronmental conditions that are far from optimal. The Salvadoran region of Bajo 
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Table 16.5 Smoothed percentiles, and L, M, and S values for height (cm) in girls

Age 
(years) L M S P3 P5 P10 P25 P50 P75 P90 P95 P97

5.0 1.00 108.59 0.05 98.68 99.98 101.95 105.15 108.59 111.92 114.82 116.53 117.62

5.5 1.00 111.36 0.05 101.36 102.64 104.59 107.82 111.36 114.85 117.96 119.80 120.99

6.0 1.00 114.52 0.05 104.43 105.69 107.63 110.88 114.52 118.17 121.47 123.45 124.74

6.5 1.00 117.66 0.05 107.46 108.71 110.65 113.94 117.66 121.45 124.93 127.05 128.43

7.0 1.00 120.73 0.04 110.38 111.63 113.58 116.92 120.73 124.67 128.31 130.54 132.01

7.5 1.00 123.79 0.05 113.18 114.46 116.45 119.86 123.79 127.87 131.67 134.00 135.55

8.0 1.00 126.85 0.05 115.91 117.22 119.27 122.79 126.85 131.07 135.00 137.43 139.03

8.5 1.00 129.92 0.05 118.59 119.95 122.08 125.73 129.92 134.27 138.32 140.81 142.45

9.0 1.00 133.05 0.05 121.31 122.73 124.94 128.73 133.05 137.51 141.63 144.15 145.81

9.5 1.00 136.26 0.05 124.11 125.59 127.90 131.82 136.26 140.79 144.94 147.46 149.12

10.0 1.00 139.47 0.05 126.99 128.54 130.93 134.96 139.47 144.02 148.16 150.65 152.27

10.5 1.00 142.59 0.05 129.92 131.52 133.97 138.06 142.59 147.11 151.17 153.60 155.17

11.0 1.00 145.52 0.05 132.82 134.44 136.92 141.03 145.52 149.95 153.89 156.22 157.73

11.5 1.00 148.16 0.04 135.59 137.22 139.7 143.75 148.16 152.45 156.23 158.46 159.89

12.0 1.00 150.42 0.04 138.12 139.74 142.18 146.15 150.42 154.55 158.15 160.26 161.61

12.5 1.00 152.24 0.03 140.31 141.89 144.28 148.13 152.24 156.18 159.60 161.59 162.86

13.0 1.00 153.54 0.03 142.03 143.57 145.89 149.61 153.54 157.28 160.51 162.38 163.58

13.5 1.00 154.26 0.03 143.23 144.72 146.95 150.52 154.26 157.81 160.85 162.61 163.73

14.0 1.00 154.54 0.03 144.00 145.43 147.58 150.98 154.54 157.90 160.76 162.42 163.47

14.5 1.00 154.54 0.03 144.49 145.87 147.92 151.16 154.54 157.71 160.41 161.96 162.94

15.0 1.00 154.40 0.03 144.83 146.15 148.11 151.20 154.40 157.39 159.93 161.39 162.31

15.5 1.00 154.24 0.03 145.14 146.40 148.27 151.20 154.24 157.07 159.46 160.83 161.70

16.0 1.00 154.13 0.03 145.48 146.68 148.46 151.25 154.13 156.81 159.07 160.36 161.18

Lempa is recognized as a critical area in terms of environmental threat, risk and 
vulnerability, an aspect that negatively conditions health and food security of its 
inhabitants (Pedrero-Tomé et al., 2022).

Human body size shows a considerable ethnic and population variation that 
partly responds to the genetic component and partly to the environmental settings in 
which the individual grows (Roser et  al., 2013). Biological anthropologists have 
been trying for decades to unravel the contribution of each of these components at 
each stage of ontogeny. This considerable variation in size supports the idea that 
genetic factors are involved. However, at the same time, in many cases, the tallest 
human groups are also the ones that enjoy the best economic conditions, while the 
shortest people being the poorest. Specific studies of family correlations between 
parent-children or twins have shown that the heritability of height and other longi-
tudinal dimensions is significantly higher than the heritability of weight or BMI; 
phenotypes where the environmental component contributes to a greater extent 
(Jalenovic & Rebato, 2012; Poveda et al., 2012; Segal et al., 2009;). This implies 
that the contribution of the genetic factor is not the same for all body tissues; com-
pared to bone tissue, more sensitive to environmental changes are muscle and fat 
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Table 16.6 Smoothed percentiles, and L, M, and S values for BMI (kg/m2) in boys

Age (years) L M S P3 P5 P10 P25 P50 P75 P90 P95 P97

5.0 1.00 15.30 0.17 12.92 13.15 13.53 14.27 15.30 16.70 18.52 20.09 21.43
5.5 1.00 15.62 0.16 13.08 13.32 13.73 14.51 15.62 17.12 19.08 20.77 22.22
6.0 1.00 15.91 0.15 13.22 13.47 13.90 14.74 15.91 17.51 19.61 21.42 22.96
6.5 1.00 16.19 0.14 13.34 13.61 14.06 14.94 16.19 17.88 20.12 22.03 23.68
7.0 1.00 16.45 0.15 13.45 13.74 14.21 15.14 16.45 18.24 20.60 22.63 24.37
7.5 1.00 16.69 0.16 13.55 13.85 14.34 15.32 16.69 18.59 21.08 23.22 25.05
8.0 1.00 16.93 0.17 13.64 13.95 14.46 15.48 16.93 18.92 21.53 23.79 25.71
8.5 1.00 17.15 0.17 13.72 14.04 14.58 15.64 17.15 19.23 21.97 24.33 26.34
9.0 1.00 17.37 0.17 13.79 14.12 14.69 15.79 17.37 19.53 22.38 24.83 26.92
9.5 1.00 17.57 0.17 13.87 14.21 14.79 15.94 17.57 19.81 22.76 25.27 27.41
10.0 1.00 17.77 0.18 13.95 14.30 14.90 16.08 17.77 20.07 23.08 25.64 27.80
10.5 1.00 17.96 0.19 14.04 14.41 15.02 16.23 17.96 20.31 23.36 25.92 28.07
11.0 1.00 18.14 0.20 14.14 14.52 15.15 16.38 18.14 20.52 23.57 26.11 28.21
11.5 1.00 18.32 0.20 14.26 14.64 15.28 16.54 18.32 20.70 23.73 26.22 28.25
12.0 1.00 18.49 0.20 14.39 14.77 15.43 16.70 18.49 20.87 23.85 26.25 28.19
12.5 1.00 18.65 0.19 14.53 14.92 15.58 16.86 18.65 21.01 23.92 26.24 28.07
13.0 1.00 18.81 0.19 14.67 15.07 15.73 17.02 18.81 21.14 23.97 26.18 27.91
13.5 1.00 18.96 0.17 14.83 15.23 15.90 17.19 18.96 21.26 24.00 26.11 27.74
14.0 1.00 19.12 0.16 14.99 15.39 16.06 17.35 19.12 21.36 24.02 26.02 27.55
14.5 1.00 19.26 0.15 15.15 15.56 16.23 17.52 19.26 21.47 24.03 25.94 27.38
15.0 1.00 19.40 0.14 15.32 15.72 16.40 17.68 19.40 21.56 24.04 25.86 27.22
15.5 1.00 19.54 0.13 15.48 15.89 16.56 17.84 19.54 21.65 24.05 25.78 27.07
16.0 1.00 19.68 0.12 15.64 16.05 16.72 17.99 19.68 21.75 24.06 25.72 26.94

tissues that are influenced by diet and exercise habits, factors that can generate size 
differences even with a similar genetic structure (López-Ejeda et al., 2020).

Low height-for-age in childhood, also known as chronic malnutrition or stunting, 
has been recurrently used as an indicator of poor socioeconomic background. WHO 
considers that a country with a prevalence of stunting above 30% is in a very high 
severity situation, and it should be a priority for humanitarian action (de Onis et al., 
2018). However, there are countries where these figures are markedly exceeded in 
almost the entire territory, as is the case of Guatemala, with a national prevalence of 
46.5%, with figures reaching 70% in some regions of the country (SIINSAN, 2016).

In general, larger body size requires more energy for maintenance, and more 
susceptible in the contexts of deprivation due to lack of food or excess energy 
expenditure, as occurs when exposed to recurrent infectious diseases (Diez-Navarro 
et al., 2017; Solomons, 2019). After studying height of human remains from archae-
ological sites and historical series, Scheffler and Hermanussen (2022) found high 
prevalences of stunting in poor contexts as well as privileged social strata. Therefore, 
they propose that stunting would be the natural condition of the human species, the 
most adaptive response for most of our evolutionary history. Therefore, in contexts 
where the availability of resources and the epidemiological situation have remained 
stable until recent history, population selection for “small size genes” could be 
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Table 16.7 Smoothed percentiles, and L, M, and S values for BMI (kg/m2) in girls

Age (years) L M S P3 P5 P10 P25 P50 P75 P90 P95 P97

5.0 1.00 15.17 0.15 12.84 13.12 13.54 14.26 15.17 16.48 18.36 20.04 21.43
5.5 1.00 15.33 0.15 12.98 13.25 13.66 14.38 15.33 16.70 18.70 20.48 21.96
6.0 1.00 15.49 0.14 13.11 13.37 13.77 14.49 15.49 16.94 19.07 20.97 22.54
6.5 1.00 15.64 0.13 13.21 13.46 13.86 14.60 15.64 17.19 19.47 21.50 23.19
7.0 1.00 15.79 0.13 13.28 13.53 13.94 14.70 15.79 17.45 19.89 22.08 23.90
7.5 1.00 15.95 0.16 13.34 13.59 14.00 14.79 15.95 17.72 20.36 22.73 24.70
8.0 1.00 16.13 0.20 13.41 13.66 14.08 14.90 16.13 18.03 20.88 23.45 25.61
8.5 1.00 16.35 0.21 13.50 13.76 14.19 15.05 16.35 18.39 21.47 24.28 26.65
9.0 1.00 16.63 0.21 13.63 13.90 14.35 15.25 16.63 18.81 22.16 25.23 27.85
9.5 1.00 16.98 0.21 13.82 14.10 14.57 15.51 16.98 19.31 22.92 26.30 29.21
10.0 1.00 17.38 0.21 14.07 14.35 14.84 15.84 17.38 19.85 23.74 27.44 30.69
10.5 1.00 17.82 0.21 14.34 14.64 15.15 16.19 17.82 20.42 24.55 28.57 32.16
11.0 1.00 18.26 0.21 14.61 14.92 15.46 16.56 18.26 20.96 25.29 29.61 33.54
11.5 1.00 18.68 0.22 14.83 15.16 15.73 16.89 18.68 21.49 25.99 30.55 34.81
12.0 1.00 19.08 0.23 14.98 15.33 15.94 17.18 19.08 22.03 26.70 31.47 36.02
12.5 1.00 19.47 0.23 15.05 15.43 16.09 17.43 19.47 22.59 27.43 32.35 37.10
13.0 1.00 19.86 0.24 15.09 15.51 16.23 17.68 19.86 23.11 27.96 32.73 37.26
13.5 1.00 20.25 0.24 15.17 15.63 16.41 17.97 20.25 23.49 27.97 32.02 35.62
14.0 1.00 20.63 0.22 15.37 15.87 16.70 18.33 20.63 23.68 27.50 30.57 33.02
14.5 1.00 21.01 0.19 15.75 16.27 17.14 18.80 21.01 23.76 26.87 29.12 30.79
15.0 1.00 21.41 0.17 16.24 16.79 17.68 19.32 21.41 23.84 26.37 28.09 29.29
15.5 1.00 21.82 0.14 16.74 17.30 18.22 19.85 21.82 24.00 26.15 27.54 28.47
16.0 1.00 22.25 0.12 17.17 17.77 18.71 20.35 22.25 24.26 26.16 27.33 28.11

Fig. 16.2 Normalized weight (kg) of boys and girls from El Salvador and comparison with WHO 
growth reference and data from Dominican Republic
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Fig. 16.3 Normalized height (cm) of boys and girls from El Salvador and comparison with WHO 
growth reference and data from Dominican Republic

Fig. 16.4 Normalized BMI (kg/m2) of boys and girls from El Salvador and comparison with 
WHO growth reference and data from Dominican Republic

considered a resource-adaptive phenomenon and not necessarily an anthropometric 
failure. In this context, international references are not useful for diagnosing chronic 
malnutrition, and the development of a specific reference would be required.

To date, Genome-Wide Association Studies have identified more than 200 Single 
Nucleotide Polymorphisms (SNPs) associated with height in adults with different 
frequencies in European, Asian, and African populations (Lango et al., 2010; Du 
et al., 2014; He et al., 2015). The number of SNPs associated with weight or BMI in 
adults, children, and adolescents is also very high and has an unequal frequency in 
different populations (Yilmaz, 2020; Czerwinski & Choh, 2022).

In any case, these genetic variants would explain only 10–20% of the variability 
in height, which, as secular studies have amply demonstrated, is a sensitive indica-
tor of living conditions. As mentioned, social and political conditions are associated 
with the average height of children and adults worldwide (Bogin & Loucky, 1997; 
Candela-Martínez et al., 2022; Martínez-Carrión et al., 2022). In 100 years (from 
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Fig. 16.5 Weight (kg) by percentile of boys and girls from El Salvador and comparison with 
WHO growth reference and data from Dominican Republic

1914 to 2014), height has increased up to 20 cm in specific human groups that have 
experienced increased social welfare (NCD Risk Factor Collaboration, 2016).

Studies of migrant populations moving to more favorable environments have 
demonstrated growth plasticity. Examples include Guatemalan children migrated to 
the United States or Bangladeshi children born and raised in London, among other 
cases reported by Bogin et al. (2018). Interestingly, along with this trend of height 
increase, a tendency of obesity is perceived in migrant children, also detected in the 
Tarahumara ethnic group of Mexico displaced from rural settlements to the city of 
Chihuahua (Benítez-Hernández et al., 2017) or Latino adolescents who migrated to 
Spain (Santos et al., 2009).
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Fig. 16.6 Height (cm) by percentile of boys and girls from El Salvador and comparison with 
WHO growth reference and data from Dominican Republic

Dietary changes and more sedentary lifestyle that affect these transition 
populations negatively, influence weight gain and increase of BMI. In addition, the 
most satiating and inexpensive foods are usually calorie-dense but not necessarily 
of more excellent nutritional value. As indicated above, surveys conducted in the 
Bajo Lempa area by this same research team have shown that food insecurity was 
high, affecting almost 60% of the households (Pedrero-Tomé et al., 2022).
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Fig. 16.7 BMI (kg/m2) by percentile of boys and girls from El Salvador and comparison with 
WHO growth reference and data from Dominican Republic

16.5  Conclusions

The shorter stature of Salvadoran schoolchildren with respect to the international 
references, which becomes evident only after pubertal age, should not necessarily 
be interpreted as a problem of chronic malnutrition or generalized stunting since it 
is after puberty when growth curves begin to diverge from the reference, but not 
before. It is possible that the genetic component of the population partly limits the 
potential for longitudinal growth. However, the conditions of vulnerability and food 
insecurity that are typical of the region of study may be the factors that negatively 
affect height growth and favors obesity.
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However, the marked predisposition to overweight reflected in the curves 
defining the 97th percentile for weight and BMI reveal a tendency towards obesity 
that may undermine the future health of these children. Follow-up studies monitoring 
physical growth of children and adolescents in these same communities, where a 
program of education, school gardens, and school canteens is now starting, will 
reveal the adaptive response to the expected changes.
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