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Abstract

Objective: This study aims to (1) investigate differences in weight, body mass

index (BMI), and waist circumference (WC) among Peruvian children and ado-

lescents living in three areas located at different altitudes; (2) compare age-

and sex-specific height, weight, and BMI within each site with US

reference data.

Methods: We sampled 8753 subjects (4130 boys), aged 4 to 17 years from sea

level, rainforest, and high-altitude. Height, weight, and WC were measured

and BMI was calculated. Analysis of variance was used to compare variables

across geographic regions, and the Hoff and Blackburn procedure was used to

compare the Peruvian results with US reference data.

Results: Participants living at sea level were taller, heavier, had greater BMI

and WC relative to those living at high-altitude and in the rainforest. Peruvian

schoolchildren of both sexes from the three geographical areas were shorter

and lighter than their American peers. Boys and girls living in the rainforest

and at high-altitude had lower BMI, whereas WC values of American

schoolchildren are higher than those of the Peruvian children by age and

gender.

Conclusions: Peruvians living at different altitudes differ in their growth indi-

cators (height, weight, BMI, and WC), with significant differences between

those living at sea level relative to their peers from other regions. Further,

Peruvian schoolchildren of both sexes from the three geographical areas signif-

icantly differ from their US counterparts.

1 | INTRODUCTION

Human physical growth represents one of the best overall
measures of population health and well-being, and has
also been widely accepted as an indicator of nutritional
status and quality of life in population-based research
(Schell, 1986; Tanner, 1987). Recognized by its extraordi-
nary plasticity and population heterogeneity
(Ulijaszek, 2006), physical growth is affected by numer-
ous factors, including genetic endowment and

environmental exposures, whose simultaneous actions
governing growth velocity and attained status at any age
are complex and difficult to disentangle (Cousminer
et al., 2014; Lettre, 2009; Thomis & Towne, 2006;
Ulijaszek, 2006).

Growth is a powerful marker of population living
conditions (Tanner, 1987), and researchers continue to
study associations between different environments and
various aspects of growth and development, mostly in
low- and middle-income countries characterized by

Received: 13 May 2021 Revised: 26 October 2021 Accepted: 29 October 2021

DOI: 10.1002/ajhb.23704

Am J Hum Biol. 2022;34:e23704. wileyonlinelibrary.com/journal/ajhb © 2021 Wiley Periodicals LLC. 1 of 12

https://doi.org/10.1002/ajhb.23704

https://orcid.org/0000-0002-2737-4286
https://orcid.org/0000-0003-4607-7292
https://orcid.org/0000-0002-4661-3879
https://orcid.org/0000-0001-6642-3370
https://orcid.org/0000-0002-9280-6022
https://orcid.org/0000-0002-3273-0046
mailto:huanta2609@yahoo.es
http://wileyonlinelibrary.com/journal/ajhb
https://doi.org/10.1002/ajhb.23704
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fajhb.23704&domain=pdf&date_stamp=2021-11-19


significant socioeconomic inequality (Krishna
et al., 2015; Mansukoski et al., 2020). One such example
is the country of Peru which spans three main geographic
areas (sea level, Amazon region, and high-altitude),
where children and adolescents are exposed to distinct
environmental stressors and their daily life conditions are
marked by economic, educational, nutritional, and health
resource disparities (Gallup et al., 2003; INEI, 2018). In
the past decade many areas of Peru experienced environ-
mental, economic, and cultural changes, and notwith-
standing a significant positive secular trend in physical
growth, disparities in growth still remain among the
three geographical areas (Hoke & Leatherman, 2019;
Oths et al., 2018).

Altitude is a major environmental factor where socio-
economic and nutritional disparities tend to remain dom-
inant factors interfering with child and adolescent
growth, leading to pathological growth patterns, includ-
ing low birth weight and intrauterine growth restrictions
(Hartinger et al., 2006; Keyes et al., 2003), and growth
retardation and shorter statures (Frisancho &
Baker, 1970; Greksa, 2006; Weitz et al., 2000), which are
usually linked with physiological adaptations to hypoxia
(Mueller et al., 1980).

Approximately 30 million people reside between 2500
and 4400 m above sea level in the Andean cordillera
(Stuber & Scherrer, 2010). It is assumed that native resi-
dents in such populations are adapted to their environ-
ments, characterized by an inheritance of physical traits
selected during hundreds of generations to confer protec-
tion against the low content of oxygen (Baye &
Hirvonen, 2020). It is well known that humans have an
extraordinary capacity to adapt to diverse environmental
constraints, like living at high-altitude, expressing their
phenotypic plasticity (Lasker, 1969; Roberts et al., 1995).
Hence, the growth processes of children living in the
Peruvian Andes must be considered as a complex and
multifactorial phenomenon, since numerous stressors
included in what is designated a biology of poverty, gen-
erate a growth differential, without a single factor present
having a complete explanatory power (Oths et al., 2018).

Previous research conducted in Andean communities
in the Peruvian highlands revealed that the stunting of
children living at high-altitude, when compared with
children living at sea level, was a consequence of chronic
hypoxia (Hartinger et al., 2006). However, other studies
concluded that health and nutritional status deficiencies
and poor access to health services were also partially
responsible for the growth retardation of children and
adolescents living at high-altitude (Leonard et al., 1990;
Pawson & Huicho, 2010).

A recent report showed that Peruvian children were
shorter, lighter and had higher body mass index (BMI)

values than North-American and Argentinean counter-
parts; further, the waist circumference (WC) of Peruvian
children was lower than North-American and Argentin-
ean age- and sex-specific peers (Bustamante et al., 2015).
More specific analyses revealed that Peruvian children
and adolescents' physical growth timing and tempo were
influenced by their living at different altitudes, with those
living at sea level experiencing peak high velocity (PHV)
at an earlier age, being taller at time of PHV, having a
higher PHV, and having a taller estimated final adult
height compared with those living at higher altitudes
(Santos et al., 2019).

Data concerning growth trajectories among Peruvian
children living at sea level are scarce and mostly com-
pares them with their peers living at moderate altitude
(Cossio-Bolaños et al., 2012; Crespo et al., 1995), while
other data are from Japanese descendants living in the
city of Lima (Shimabuku et al., 2009). Information con-
cerning the growth status of children and adolescents liv-
ing in the Amazon rainforest is almost nonexistent.

We contend that it is of importance to have a better
understanding of children's distinct growth trajectories at
local and regional levels when planning governmental
policies and practices aimed to eradicate abnormal
growth and poor health conditions. Hence, this study
aims to: (1) explore differences in height, weight, BMI,
and WC between three geographical areas located at dif-
ferent altitudes in Peru; and (2) compare Peruvians' aver-
age age- and sex-specific height, weight, and BMI within
each site with the US Centers for Disease Control and
Prevention (CDC) reference data (2007–2010) as pro-
posed by Fryar et al. (2012). The following hypotheses
were tested: (1) there are significant differences in height,
weight, BMI, and WC across geographical areas, and
(2) mean growth parameters in Peruvian children will be
significantly lower compared with US reference data.

2 | METHODS

2.1 | Communities

Geographical heterogeneity in Peru is broadly expressed
in three terrestrial areas: (1) the coast or coastal desert,
located between the western mountains and the Pacific
Ocean, which corresponds to 11.0% of the national terri-
tory with a subtropical desert climate; (2) the rainforest
or Amazon region being the largest of the Peruvian terri-
tories which occupies 63.3% of its surface with a warm
and rainy tropical climate; (3) the Andean region local-
ized in the central part of the Andes mountain range
comprising 26.0% of the national territory with a high
mountain and mountain climate (SENAMHI, 2021). Of
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the 29 million Peruvian inhabitants, 54.6% live in coastal
areas, 13.4% live in the rainforest, and 32.0% live in the
mountain region; about 79.3% of the population resides
in urban areas, while the remaining 20.7% live in rural
areas. The population size of 0 to 19 year-olds is 40.5%,
and between 20 and 60 years is 50.4% (INEI, 2018). The
four cities of the present study were selected because they
are located in different geographical areas of central
Peru. Barranco is one of the 43 districts of the Lima Prov-
ince, capital of Peru, and located on the shores of the
Pacific Ocean. The average annual temperature is 18�C
with a maximum in summer of 30�C, and in winter drops
to 12�C. The districts of La Merced and San Ramon have
geographical continuity and they are part of the
Chanchamayo province located in the area of high forest
(500–2000 m); its average annual temperature is 24.6�C,
with a maximum of 30.4�C and a minimum of 20.4�C.
The Junín district is the capital of the Junín province,
located on a plateau at 4107 m on the southern shore of
Lake Junin or Chinchaycocha; its temperature is frigid
and varies between 7 and 12�C during the year.

Comparative data for socioeconomic and educational
indicators as well as health care conditions of these
regions are displayed in Table 1.

2.2 | Design and participants

The present cross-sectional sample comes from the
research project entitled “The Peruvian Healthy and Opti-
mistic Growth Study,” which investigates growth, devel-
opment and health of children, adolescents and their
families (Bustamante et al., 2011). A stratified random
sample of 8753 children and adolescents (4130 boys and
4623 girls), aged 4 to 17 years, was collected from 31 pub-
lic schools belonging to the four cities located in the three
natural regions of central Peru (Table 2). All data were
collected between March 2009 and December 2010. The
chronological age of each child was based on the date of
assessment and birth date obtained from school records.

After initial political and educational contacts with
local authorities in each city, formal permission was

TABLE 1 Geographic, demographic, socioeconomic, educational, and health care characteristics of the three geographical areas located

in the central region of Peru

Characteristics Sea level (Barranco) Amazon region (Chanchamayo) High-altitude (Junín)

Geographic

Altitude (m) 58 751 4107

Climate Arid; semi-warm Rainy; warm Rainy; cold

Average annual temperature 18�C 24�C 12�C

Demographic

Total population 8.564.867 411.011 1.272.890

Population density (people/km2) 236.6 10.2 27.7

Socioeconomic

Human development Index 0.72 0.52 0.44

Per capita family income (monthly) 1440.6 785.1 512.7

Primary production Trade/tourism Agriculture/tourism Stockbreeding/agriculture

Educational

School age children 15.829 13.960 2.703

Public 8.88 (56.1%) 11.13 (79.7%) 2.60 (96.2%)

Private 6.95 (43.9%) 2.83 (20.3) 10.2 (3.8%)

Urban 15.83 (100%) 12.93 (92.6%) 2.68 (99.1%)

Rural 0.0 (0%) 1.03 (7.4%) 25.0 (0.9%)

Boys 7.12 (45.0%) 7.17 (51.4%) 1.36 (50.3%)

Girls 8.71 (55.0%) 6.79 (48.6%) 1.34 (49.7%)

Basic access to health care

Health center Yes No No

Public hospital No Yes Yes

Private clinic Yes No No
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asked from schools' governmental bodies to participate in
the study. Written informed consent was obtained from
parents. Further, all children signed an informed assent
to freely participate in the study and that they may stop
their participation whenever they wanted, without any
obligation. The ethical committee and the Research Insti-
tute of the Enrique Guzm�an y Valle National University
of Education (UNE EGyV) approved the project (Res.
No. 2459-2008-R-UNE).

2.3 | Anthropometric techniques

All measurements were made according to standardized
techniques (Lohman et al., 1988). Stretched stature with
head positioned in the Frankfurt plane was measured to
the nearest 0.1 cm with a portable stadiometer (Personal
Caprice Sanny®, Model ES-2060, S~ao Bernardo do
Campo, SP, Brazil) weight was measured to the nearest
0.1 kg using a digital scale (Pesacon, Model IP68, Lima,
Peru), and WC was measured with a non-stretchable
fiberglass tape (Sanny, model 4010, S~ao Bernardo do
Campo, SP, Brazil) at the midpoint between the edge of
the lowest rib and the superior iliac crest during shallow
apnea. The BMI was obtained by the following formula:
BMI = weight (kg)/height (m)2.

2.4 | Data quality control

Data quality control was conducted in two phases. In
phase one, all team members were trained by experi-
enced anthropometrists for accurate anatomical
landmarking, subject positioning, and measurement
techniques. In phase two, a random sample of 211 chil-
dren and adolescents was re-measured during the first
3 weeks of data collection. Technical errors of measure-
ment (TEM) were used to estimate the degree of preci-
sion in all measurements. Relative TEM values were
0.2 cm (0.09%) for height, 0.1 kg (0.53%) for weight, and
0.9 cm (1.38%) for WC.

2.5 | Statistical analysis

Data analysis was performed in a stepwise fashion to
investigate the effects of geographical area on physical
growth. Firstly, data cleaning, exploratory analysis, out-
lier identification, and normality checks were done. Sec-
ondly, using geographical area as a fixed factor, mean
differences in height, weight, BMI, and WC within each
sex were tested using analysis of variance. To control for
multiple testing, a post hoc Bonferroni's adjustment was
made. Thirdly, we relied on a technique developed by

TABLE 2 Number of school children assessed in the three geographical areas of the central region of Peru, according by age group

and sex

Sea level Barranco Rainforest area Chanchamayo High-altitude Junín All areas

Age (years)a Girls Boys Girls Boys Girls Boys Girls Boys

4 91 90 123 92 24 23 238 205

5 84 69 128 139 45 36 257 244

6 104 91 149 146 45 52 298 289

7 76 52 140 192 55 47 271 291

8 82 64 178 174 47 60 307 298

9 119 76 187 184 65 76 371 336

10 85 84 218 189 70 71 373 344

11 111 114 193 189 73 55 377 358

12 92 119 237 144 134 90 463 353

13 69 64 212 144 76 92 357 300

14 125 102 187 120 109 102 421 324

15 110 142 150 151 98 85 358 378

16 139 82 132 118 105 84 376 284

17 60 40 41 44 55 42 156 126

Total 1347 1189 2275 2026 1001 915 4623 4130

aAge classification in each group was as follows: for 10+ ages are between 10.00 and 10.99 and the same applies for all ages between 4 and 17 years.

4 of 12 BUSTAMANTE ET AL.

 15206300, 2022, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ajhb.23704 by C

ochrane Portugal, W
iley O

nline L
ibrary on [09/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Hoff and Blackburn (1981) to compare Peruvian growth
data (height, weight, BMI, and WC) to US Centers for
Disease Control and Prevention (2007–2010 CDC) (Fryar
et al., 2012) means and SD, and percentiles for sex and
age. Briefly, the method uses descriptive statistics (age-
and sex-specific means, SD, and sample size) to firstly
standardize individual stature, weight, BMI, and WC
values into z-scores. From these z-scores, an F-ratio is
calculated which is conservative in significance testing
between the groups Hoff and Blackburn (1981). This
approach was previously used in reports by Leonard
et al. (1994) and Kim et al. (1991). All analyses were done
in IBM-SPSS 25. The significance level was set at 5%.

3 | RESULTS

Weight, height, BMI, and WC mean and SD by age and
sex according to the three different geographical areas
are summarized in Tables 3 and 4. No significant differ-
ences (p > .05) were found in height and weight between
the rainforest area and high-altitude children and adoles-
cents. However, sea level schoolchildren are significantly
(p < .05) heavier than those from the rainforest and high-
altitude areas, except for 17-year-old girls. A similar pat-
tern in height was observed (except for 15-year-old girls
and 17-year-old boys). Regional differences in BMI
occurred between 6 and 14 years in girls and 6 and
17 years in boys, favoring sea level schoolchildren. Boys'
WC means differed significantly (p < .05) at all ages,
while in girls these differences are evident between the
ages of 4 and 14 years, with the exceptions being at age
13 and between the 15 and 17 years of age.

Figure 1 shows the 50th percentiles of weight, height,
BMI, and WC of Peruvian schoolchildren residing in
three geographical areas contrasted with US data (Fryar
et al., 2012). In general, Peruvian schoolchildren of both
sexes and of the three geographical areas are shorter and
lighter than their American peers. For BMI, Peruvians
living at sea level show higher values than their Ameri-
can counterparts, but only from 4 to 14 years; while chil-
dren from both sexes living in the rainforest and at high-
altitude have lower values across age. Finally, children of
both sexes and of the three geographical areas have lower
WC values than Americans; in boys this trend is more
evident after 12 years of age.

Table 5 shows that, in general, Peruvian
schoolchildren of both sexes and of the three geographi-
cal areas are shorter than their American peers, with
males and females living at high-altitude presenting the
lowest height values (z = �1.34 for males; z = �1.27 for
females, p < .001, respectively). For weight, Peruvian
girls and boys from sea level (z = �0.15 for males;

z = �0.27, for females, p < .001), rainforest (z = �0.59
for males; z = �0.62, for females, p < .001), and high-
altitude (z = �0.74 for males; z = �0.82 for females,
p < .001) are lighter relative to Americans. For BMI,
schoolchildren of both sexes living in the rainforest and
high-altitude show lower values than their American
peers (z = �0.24 and z = �0.47, p < .001 for males in the
rainforest and at high-altitude, respectively; z = �0.27
and z = �0.46, p < .001 for females in the rainforest and
at high-altitude, respectively). Finally, for WC, Peruvians
of both sexes from the three geographical areas show
lower values for WC than Americans (z = �0.41;
z = �0.55, and z = �0.77, p < .001 for males at sea level,
in the rainforest, and at high-altitude, respectively;
z = �0.47, z = �0.60 and z = �0.83, p < .001 for females
at sea level, in the rainforest and at high-altitude,
respectively).

4 | DISCUSSION

The first aim of this study was to provide data on weight,
height, BMI, and WC of Peruvian children and adoles-
cents, aged 4 to 17 years, living in different geographical
areas located at different altitudes. We found that girls
aged 4–14 years, and boys aged 4–16 years, living in the
rainforest and at high-altitude were shorter and lighter in
comparison with their sea level peers. A similar growth
retardation pattern was found in previous studies in
youth living at high-altitude (Frisancho & Baker, 1970;
Greksa et al., 1984; Weitz et al., 2000). The chronic hyp-
oxia seems to slow down fetal growth and reduce uterine
artery blood flow, causing a retardation of intrauterine
growth. After birth, children living at high-altitude do
not show catch-up growth, while postnatal growth rates
seem to not differ in children residing in lowlands and
high-altitude (Greksa, 2006). Poor health and nutritional
status may play an additional role in explaining growth
retardation in children living in these environmental con-
ditions (Bailey et al., 2007; Pawson et al., 2001). When
comparing our sample living at high-altitude (Junín) with
those reported by Pawson et al. (2001) living in Marquiri
and Tintaya, two high-altitude Peruvian communities
from the Cuzco region, our sample was heavier (�2.6 kg
in boys and � 1.3 kg in girls) and taller (�3.9 cm in boys
and � 3.5 cm in girls) than their Marquiri peers, but
shorter (�2.4.cm in boys and � 2.8 cm in girls) and ligh-
ter (�1.6 kg in boys and � 1.5 kg girls) than the Tintaya
residents. Indeed, the Junín area provides a better socio-
economic condition for their children than the Marquiri
community. On the contrary, the schoolchildren living in
Tintaya were from families mostly working in the private
mine company which was responsible for providing them
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FIGURE 1 Comparison of the age and sex-specific 50th percentile values for height, weight, body mass index, and waist circumference

between Peruvians boys and girls and those from Centers for Disease Control and Prevention (2007–2010 CDC) as proposed by Fryar

et al. (2012)
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resources for their education, nutrition, and health
(Pawson et al., 2001). It should be noted that inhabitants
of high-altitude in the Andes who live in urban areas and
had a better access to health and other resources were
taller than rural children (Obert et al., 1994). Similar
results were reported among Mexican children (Peña
Reyes et al., 2003). In general, no statistically significant
differences were found for height and weight between
Junín (high-altitude) and Chanchamayo (rainforest area)
schoolchildren in both sexes and all age intervals. Since
the 17th century that there is a process of colonization of
the Central Jungle that allows the establishment of haci-
endas for the production of sugar cane and coca. At the
beginning of the 19th century, a gradual transition from
the production of cane sugar to coffee was established,
which generates demographic growth due to the need for
labor. In the last seven decades, the economy has diversi-
fied with citrus production and cattle raising. Therefore,
the socioeconomic and environmental conditions of La
Merced and San Ram�on have improved substantially all-
owing its population better and more abundant nutri-
tional resources, as well as greater health care coverage
(INEI, 2018). These facts explain the slight growth advan-
tages shown by children residing in the rainforest, since
variation in environmental conditions per se, access to
nutritional resources, and/or context-specific socio-
economic conditions may contribute to the differences
observed in the state of growth (de Meer et al., 1993;
Leonard et al., 1990).

Our data show that children living at sea level had
higher BMI values than their peers in the rainforest area
and high-altitude (between 6 and 14 years in girls and
between 6 and 17 years in boys). When compared with
those from Marquiri and Tintaya communities, which were
calculated on the basis of weight and height values reported
by Pawson and Huicho (2010), Junín (high-altitude) boys
had slightly higher BMI values (�0.41 kg/m2) than the

Marquiri, but similar to Tintaya (�0.01 kg/m2); on the
other hand, girls presented slightly higher values than the
Marquiri (�0.18 kg/m2) and displayed lower values than
the Tintaya (�0.27 kg/m2). The effects of nutritional and
epidemiological transitions occurring in recent years
in Peru may explain the differences found in BMI
among the samples. These changes had a greater
impact in the cities on the Peruvian coast and were
characterized by lifestyle and eating pattern changes
that resulted in a higher prevalence of overweight and
obesity (Bustamante & Maia, 2013). For example, the
results found in children between 5 and 9 years in the
National Household Survey (ENAHO) indicated that
the inhabitants of the coast had a higher prevalence of
overweight/obesity compared with those of the high-
altitude and rainforest areas (30.8%, 14.8%, and 14.2%,
respectively) (�Alvarez-Dongo et al., 2012).

Schoolchildren living at sea level showed higher
WC values than those living at high-altitude and in the
rainforest. In recent years, the WC has been consid-
ered a suitable anthropometric marker of central obe-
sity and has also been associated with risk factors in
adults (Després et al., 2008; Eisenmann, 2005). In all
age intervals and in the three geographic regions, boys
had higher values than girls. Again, the socioeconomic
condition is an important factor that may explain these
differences, given that the city of Barranco (sea level)
is wealthier when compared with Junín (high-altitude)
and Chanchamayo (rainforest area), allowing
schoolchildren to have greater access to education,
nutrition and health services (INEI, 2018). However,
these better socioeconomic and environmental life
conditions were also linked to the adoption of seden-
tary lifestyles and inappropriate nutritional habits
which are inevitably associated with increases in over-
weight/obesity, in addition to WC (Bustamante &
Maia, 2013).

TABLE 5 Mean z-scores and SD of height, weight, body mass index, and waist circumference of schoolchildren from both sexes within

each site standardized relative to comparative data for Centers for Disease Control and Prevention (2007–2010 CDC)

Boys Girls

Sea level
(n = 1189)

Rainforest area
(n = 2026)

High-altitude
(n = 915)

Sea level
(n = 1347)

Rainforest area
(n = 2275)

High-altitude
(n = 1001)

z SD z SD z SD z SD z SD z SD

Height �0.64*** 0.85 �1.26*** 0.86 �1.34*** 0.86 �0.67*** 0.87 �1.15*** 0.82 �1.27*** 0.72

Weight �0.15*** 0.68 �0.59*** 0.52 �0.74*** 0.38 �0.27*** 0.71 �0.62*** 0.55 �0.82*** 0.42

BMI 0.08a 0.75 �0.24*** 0.61 �0.47*** 0.39 �0.00a 0.72 �0.27*** 0.58 �0.46*** 0.44

WC �0.41*** 0.64 �0.55*** 0.47 �0.77*** 0.43 �0.47*** 0.69 �0.60*** 0.51 �0.83*** 0.45

anonsignificant.
***p < .001.
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In answering our second aim, we found important
differences, in terms of their position relative to the 50th
percentile as well as in z-means, between the CDC and
the Peruvian reference data. Those living at different alti-
tudes are systematically shorter, lighter, and have lower
BMI (except for children living at sea level from 4 to
14 years) and WC than their American peers. In inter-
preting these results, it is important to consider CDC and
Peru distinct sampling size and structure, as well as eth-
nic origins. The CDC growth reference has data from the
years 2007–2010 related to surveys conducted at different
time periods comprising healthy children and adoles-
cents; all were exposed to contextual conditions that
apparently enhanced their growth and development
without environmental insults to their genetic potential
(Fryar et al., 2012). In contrast, the Peruvian sample
included youth from different regions, characterized by
inequalities in the distribution of, and access to, eco-
nomic, educational, nutritional, and health resources
(INEI, 2018). Hence, deficiencies in public health care,
problems of subsistent nutritional deficits most probably
linked to deficits in basic infrastructure associated with
relatively low education levels, can play important roles
in explaining the lower values in their growth indicators
compared with American schoolchildren. These issues
also reflect the lower developmental indexes, namely,
demography, social and health support, family income,
education and culture, employment, and economic activ-
ity relative to US. On the other hand, it should be consid-
ered that comparisons between studies can also be
influenced by different measurement techniques used
and lack of standardization, such as WC values, due to
the absence of consensus on the ideal anatomical loca-
tion for this measurement (Ross et al., 2008).

The present study provides a unique body of data
regarding regional variation (sea level, rainforest, and
high-altitude) between children and adolescents from
public schools in the central region of Peru. Notwith-
standing its relevance, three limitations have to be
highlighted. First, despite its large sample size, it is not
representative of the overall population of Peruvian
schoolchildren, which limits the generalization of the
results. Second, the cross-sectional design does not allow
a dynamic analysis of intraindividual changes and inter-
individual differences occurring during the growth period
as a result of complex interactions between biological
and environmental factors. Third, comparisons between
our results and the CDC references should be carefully
interpreted because of sample differences in terms of bio-
logical and environmental features. Still, the CDC refer-
ences are considered a valuable tool in clinical practice
not only for screening children and adolescents' physical
growth but also for population contrasts.

In conclusion, Peruvians living at sea level were
taller, heavier, and had greater BMI and WC compared
with their peers living at high-altitude and in the
rainforest; however, there were no substantial differences
in adolescents' growth indicators from these two different
areas. Peruvian schoolchildren of both sexes from the
three geographical areas were shorter and lighter than
their American peers. Boys and girls living in the
rainforest and at high-altitude had lower BMI, whereas
WC values of American schoolchildren are higher than
those of their specific Peruvian peers by age and gender.
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