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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.

environmental exposures, whose simultaneous actions
governing growth velocity and attained status at any age

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

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
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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; INEIL, 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-Bolafios 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 Junin district is the capital of the Junin 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.

K.*’R American Journal of Human Biology_Wl L EYJ?’—Om

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)
Geographic

Altitude (m) 58

Climate Arid; semi-warm

Average annual temperature 18°C
Demographic

Total population 8.564.867

Population density (people/km?) 236.6
Socioeconomic

Human development Index 0.72

Per capita family income (monthly) 1440.6

Primary production Trade/tourism
Educational

School age children 15.829

Public 8.88 (56.1%)

Private 6.95 (43.9%)

Urban 15.83 (100%)

Rural 0.0 (0%)

Boys 7.12 (45.0%)

Girls 8.71 (55.0%)
Basic access to health care

Health center Yes

Public hospital No

Private clinic Yes

Amazon region (Chanchamayo) High-altitude (Junin)

751 4107

Rainy; warm Rainy; cold
24°C 12°C
411.011 1.272.890
10.2 27.7

0.52 0.44

785.1 512.7
Agriculture/tourism Stockbreeding/agriculture
13.960 2.703

11.13 (79.7%) 2.60 (96.2%)
2.83(20.3) 10.2 (3.8%)
12.93 (92.6%) 2.68 (99.1%)
1.03 (7.4%) 25.0 (0.9%)

7.17 (51.4%)
6.79 (48.6%)

1.36 (50.3%)
1.34 (49.7%)

No No
Yes Yes
No No
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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 Junin All areas

Age (years)® 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

#Age 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.

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 Guzman 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, Siao 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, Sao 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)>.

2.4 | 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
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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 = —041;
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 (Junin) 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 Junin 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

85U8017 SUOWILLIOD BA 18810 B dealdde ay) Aq peusenob a2 ol YO ‘88N Jo S8|ni o} Akeld8uluO A8]IM UO (SUORIPUOD-pUR-SLULB)LI0O" AB | 1M"A R0 BUIUO//:SdNY) SUORIPUOD PUe SWiB | 8L 88S *[£202/90/60] U0 Afeidi8uluo A8|1m ‘fbniiod sueyood Aq #0/£2°qYe/z00T 0T/10p/woo" A8 1M Akeid1|Buluo//sdny wouy pepeojumod ‘S ‘220z ‘00£902ST


http://2.4.cm

15206300, 2022, 5, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ajhb.23704 by Cochrane Portugal, Wiley Online Library on [09/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

4 JuedTUSISUOU ‘SU :UOT)RIAIQQY
:
m EATEAT 100 €€ET 656 SES 08 89S 616 T79 SU  88S° €50 LS9 SIS LOTI 87S 0V’ T°€S LT
W EFTTH#T 1000 SIPE  TI€9 6'CS 9C'8 9%S €101 879 TET 1000 979 609 861 ST'L YIS I8 T€s 91
m EATTHAT 1000 8LLE €09 1°0S 06’9 €IS $LOT 9'8S T#IT 1000 SO8 16 €8y 6L'L Léy  €S°L TTs ST
= EATTH#T 100 TISE T8 Yoy LTS 8Ly  T6TI 995 €FATT#T 1000 TII¥C 66 TSt 00’8 vy 996 T'Ts v1
€FTTH#T 1000 0SCE 0S9 €Oy 796 L'y 680T IS €#T1T#1T 1000 9961 0I'9 STH SS'L v'sy  LS'6 ¥0S €T
EETTH#T 1000 TIS6  ¥S°S 09¢ TSL €8¢ LLTI OIS €#TTH#T 100 SHLE ILS S'8¢ '8 €Iy S96 8Ly (48
EATTH#T 100 LEOY TS¥ 8'T¢E SLL S'6E 8L6 6cr E€FTTHAT 1000 €8 089 9V €€'8 '8¢ 866 8'ch 18
EATTH#T 1000 TYLT €€F ¥'6C 66'9 6'IE 098 €LE EFATTHT 1000 I8¢k S8v L'6T 699 0CE  9T8 6'8¢€ 01
EATTAT 1000 0S9 90F 6'LT 1Sy 98C  ST8 €66 €ATTH#TL 1000 €885  L6€ 9z 19°S 88T €6'L €'6¢ 6
€ATT=1 100 68TIF T6€ ST oLy 96T 6L9 8IE €#TT=1 100 LTLE TIE €Y €Ey §'sT 119 S'0¢g 8
EFITH#T 1000 6V9% SST Tee 79°€ '€ S09 06 €F#TTH#T 100 +IIE L0 612 79 TET WS T'LT L
EATTAT 100 8€€C TIT 00T 8¢ I'lc  0T¥ L€ €FTT#T 1000 806 €IT €61 e 80C LSY 0°€T 9
EATTHFT 1000 6TEL  6FT 6'81 Y0'€ L'6T  06€ 8IC €ATT#T 1000 €6ST OL1T 1'81 69°C T6L  66'C L'TT S
€#T T0 €9 86T 08T ST 9Ll LT 68T E€FTTH#T 1000 66ST LbT 191 S6'1 OLT 66T 9'8T ¥
(83) yuSrepm
su $I0°  ¥S'S  LE9 6191 LE'S 6T9T  STL 0991 su 85T 90T 10§ ¥t LEY TSI OFS  OPST LT
EFTTH#T 1000 0€CC 8§ 791 (4% €191 609 9991 su 7Tt 60°S  OF' €TST €S ¥TST  STS TSI 91
€F#TT=1 100 <CIST SS9 $091 Tr9 88ST  9v'9  TE9l su 1400 I8Y 0TS 8'IST LTS LTIST  LES  9'€ST ST
E#ATTH#T 100 S69C 9I'8 L¥ST 1L LYST  $LL STI9T €#TT#T 1000 €€l €IS €0ST se's T0ST STS  0€ST 4
) EFTTH#T 1000 0S0E €LL TLYT 898 88PT  96L TLST €F#TTH#T 100 €SIT  SOS L'LyT €€'s S6bT  85'S  07TST €1
2 EFTTH#T 1000 LTSS TLS STrl 95°L LTPT 788 TIST €#TTH#T 100 TEOT 8§ 8T L6'9 SSHT 86 PSPl 41
m E#ATTH#T 100 00TC S$89 S9eT 6%'9 TLET  TE€9  LTWT €#TT#T 1000 €€61  LT9 9'6€T 60°L TIWT 169  €ShT I
m EFTTH#T 1000 088 STS LTET €8°S 0CET  TL9 S9ET € F#TTH#T 100 TSHe 619 6°€ET 869 8eET  19L  86¢T o1
m EAITTAT 1000 €8T  T6¥  +'8¢l LSS LLel €9S  TTEL €ATTH#T 100 €LLT S sLet S8’ €8Cl  6£°L  €egl 6
5 €#£TT=1 1000 8£TC TES 9°€TT ST'9 6TCT  08S  LLZT  €#TT=T1 100 8I6L ¢€6¥F Lyt SS°S 8TCT €9 LTl 8
g EFITH#T 1000 €T¥C  9€§ 8'LIT 90°S ISIT 909 L€l E€#TT#T 1000 89+VT  08%¥ 0°LTT 920 9LIT  0T9 ¢TI L
M EATTAT 1000 OLLL 1CT¥ 6CI1 0SS TTIL L9% T9I1 €#TTH#T 100 9TLT  S6'€ Il 'S 6111 SS'S  SSIT 9
u.nn EATT#T 100 TS8T  Stv 9°20T L9V L80T  €9% vTIT €ATTH#T 100 +LEE  60°S 1'901 85 €80T 19t  9TIT S
v_. EFITTH#T 1000 96T 9TF  +€0T 1€y 6C0T 0S¥ 8901 €F#TTH#T 100 LEST OF€ 9°00T 1887 970T  6L'S  9'SOT 14
88 (o) 1ySeH
m Ja d A as uedN as eIl as uedn Ja d | as uedN as uedN s uesy (STeAK)
W QOUAIIPIP SpMINe [9AT  IpmN[e-YSIH  eaIR JSAIOJUTEY [9Ad] ©as QOUAIAPIP FpNINJe [9A9T IpmNe-YSIH  eIIE JSQIOJUTERY [9AJ] ©as a8y
kA skog SIIED
3
.,m SIeak LT Oy Uowm ‘SOXas 30q woly ua.Ipirgojooyas jo HQM_QS pue uﬂw_m.ﬂ 10J seare jmo_sgm&woww 99.1(] 3] usamlaq m_m\ﬁmﬁm SAOURIPIP ULdW JO SINSY CcHTIdV.L



15206300, 2022, 5, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ajhb.23704 by Cochrane Portugal, Wiley Online Library on [09/06/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

m JuedTUSISUOU ‘SU :UOT)RIAIQQY
~ AT 100 LTL v 6'0L SL'9 S'TL 659 9'SL su - 90L Se€0 109 0'TL 178 80L 8T'L 0'0L LT
EATTH#T 100 LITC S9v 0oL 129 L'OL  EVL 6'SL su €29 LY'0 €9 €69 819 oL 1IT°L 6'69 91
m EFTTH#T 1000 SLYC 9TV 189 oLy L'89 86'L 0'cL Su  LLT vL'T 609 €89 SL9 889 CC9 6'69 ST
— EFATTHT 1000 OL€T 8¢S '99 8T'S S'L9  9Y'6 9'CL ¢CFET 100 199 LSS G99 0€9 89 1v'L S'69 14!
= EATTH#T 1000 TILEI 1S 9 669 S99 988 0'0L su 600 €LY 6€9 SS9 0Z9 S99 9.8 6'89 18
W_ EFTCTH#T 100 9€6SL LGS 819 6°S 979 816 T'eL T 1000 S80I 69°G 979 8¢9 979 06'L 999 48
m EFATTHT 1000 L9OE or'y €09 €T'L Y9 IL'8 769 ¢c#T 1000 LI9TI 119 909 €99 7eE9  88'L 9'¢9 1T
m EATTH#T 100 €9°LI €Y 0'6S 069 €79 VI8 §69 €FTTH#I 100 LESI €r's 8'LS 9C°9 7’09 80°L 8¢9 (0]
m EATTFT 100 €T0€ €6V 1'8S €v's 009 ¢¢6 869 €FTT#I 100 00€E 9Sv 09S 88'S 0'6S O9T'8 9'¢9 6
m EATTH#T 100 SL'ST 'Y T°9S 61°'S 78S  0S°L 9¢9 E€FAITTHFITI 100 O0LTI 60t L'YS s T'LS €69 L'6S 8
m EFATTH#T 1000 0LSI oSt 0'9S 80t 196 0L'L L09 €F#TTHFT 1000 08€I 8G°¢ T'es 8EY 8¢S LE9 L'LS i
m T 100 ST'8 96°C 6'CS 8¢t 6'vS 06V 6SS E€FTTHI 100 089 Se'e 9IS or'y €ys  TS'S €S 9
m €EFATTHAT 1000 TILST ve'C 9’6y LTV v'eSs  vLS 8YS €FTTHI 100 LOST STe 17414 123 ¥'es  vLS 18 %% S
= m ¢CFT 100 YL'L ¥9°¢ v'6v 09°¢ €cs  0CY 6CS C€FTCTHI 1000 TE9T 6L'C €9 0°¢ 6'0S 99V N4 14
< (UI9) 9OULISJUINDIIO ISTEAN
¢CEFT 100 0S8 SO'1 '0C LET 9'Tc  60°¢ 9CC su - geL €0 89°C (44 vey 8¢CCc TI'e 444 LT
EETT#I 00" OF6l €L’ 00T 88'C 0'TC  60°¢ 9'CC su - 9p0° ITe 8€'C 1T 86'C e LOE 444 91
EFTT#T 100 SOLC 0S'T 61 144 €0C 8S¢ 6'1C su 600 v8'Y Srard 6°0C 16'C S'IC  8SC |44 ST
EATTH#T 1000 LL6L 661 761 L4 6'6T 9L°¢ 91 €#TTH#T 100 €LSIT 1€ 00T 8T'¢ 0'1C  9¥'¢ (44 14!
¢CFT 1000 6€¢T YL S81 9T’¢ 96T 8S¢ 0IZ €#TT#T1T 100 GS9TI 6€°C S6l S6'C c0c  0L¢ 8'1¢C 18
EFTTH#T 1000 V8TIL LT 9'LT 09°¢C 06l ¥S'€ T¢C €#TT#T 100 9¥'Se 0T €81 L6'C 6l 09°¢ 9'1¢C CI
EATT#T 100 SPTe Se'1 S'LT 1483 88T 89°¢ CTIC €#TTH#T 100 090C 1€C 9'LT 1453 06T LS'E 9°0C 1T
€FATTHAT 1000 6L0C S9'1 691 ITe 78T 9T¢ 66T €FAITTHT 100 TOSE 9¢°'T S91 96T 8LT S6C 861 0T
EFTCTH#T 100 659¢ 6L'1T 691 €T'e S'LT  69°¢ T0C €#TT#T1T 100 860S 6L'1T 091 6€°C Y'LT  90°¢ L6l 6
EATT#T 1000 99%¢ IL'T 091 91'C T'LT  ¥T¢ 6l €ATCT#T 100 96'SC 8¢'T 9'ST LT'C 69T 10°¢ L'8T 8
EATTH#T 1000 0OLYE ST1 091 S9'1 L9T  T8T 88T €F#TT#I 100 T8ST At 091 YL L9T 99T €81 L
EFTCTCTFT 100 PEST 80'T 9¢l 76'1 L9T  9¢°C SLT T 100 97’8 or'l 9¢l 96°'T 991 ¥¥'C T'LT 9
su 0LO 0L'C L6°0 €91 781 L9T  LET LT su - S00° LE'S I44A! 91 69'1 9T 6CC TLT S
su  9I¥ 0c’0 €€l 891 [4: 1 991 8L'1 S91 su 190 €8'C vET [ (47" 191 161 991 14
(,w/39) xapur ssew Apog
3 Ja d A as uednN as UBN S UBIN Ja d A as uedN as ued)y gs uedy (STe34)
g QOUAIAPIP SpNMINE [9A97T ISpmINe-YSIH  BIIE JSAIOJUTEY [2A9] ©as QOUAIAPIP 9pMINe [9A97T dpmINe-YSIH  eIIR JSAIOJUTEY [2A9] ®ag a8y
2
m skog Ny E1%9)
m s1eak £ 03  pagde ‘SOXas 130q WOIJ UIP[IYI[O0YDS JO SOUIIJUINIII JSTem pUe XIpul ssewl Apoq 10j seare [ed1yde13003 9913 o) Udam)oq SISA[RUR SIOUISHIP UBSWI JO SINSAY ¥ HTAV L




sor2_ | WILEY—

150

170

160

150

140

130

Height (cm)

3

120

10

100

90

American Journal of Human Biology

BUSTAMANTE ET AL.

VAN ASS

Girls
== CDC (2007-2010)
—Sea level
= Rainforest area
= High altitude

65

‘Waist circumference (cm)
3

“w
o
w
©
5
o
o
=
o
&

Girls

= CDC (2007-2010)
—Sealevel

~— Reinforest area
= High altitude

4 5 6 7 s 9 10 1 12 13 14 15 16 17
Age
Girls
= CDC (2007-2010)
A4 — Sea level
= Rainforest area
23 = High altitude
»
? 2
]
€ x
"
g
]
& 19
@
2
&
£ 18
& "
16
15
14
4 5 6 71 8 9 10 1 12 13 18 15 16 17
Age
Girls
= CDC (2007-2010)
s —Sealevel
~—— Reinforest area
= High altitude
70
60
o
< s
g
g
g
&
2
m
30
20
10
4 - | 6 7 8 9 10 1 12 13 14 15 16 17
Age

Height (cm)

‘Waist circumference (cm)

Body mass index (kg/m?)

Body mass (kg)

65

= CDC (2007-2010)
—Sea level

= Rainforest area
= High altitude

= CDC (2007-2010)
—Sealevel

= Rainforest area
= High altitude

“
o
©
5

= CDC (2007-2010)
—Sea level

= Rainforest area
=== High altitude

o
o
©
S
o

Boys

“
o
)
)
5

=== CDC (2007-2010)
—Sea level

—— Rainforest area
== High altitude

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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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 Rainforest area High-altitude Sea level Rainforest area High-altitude
(n = 1189) (n = 2026) (n = 915) (n =1347) (n = 2275) (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 0.08% 0.75 —0.24%%* 0.61 —0.47%** 0.39 —0.00* 0.72 —0.27%** 0.58 —0.46%** 0.44
WwC —0.41%*  0.64  —0.55%* 0.47 —0.77%** 0.43 —0.47%*  0.69 —0.60%** 0.51 —0.83%#* 0.45
“nonsignificant.
**p < .001.

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 (Pefia
Reyes et al., 2003). In general, no statistically significant
differences were found for height and weight between
Junin (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 Ramoén 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), Junin (high-altitude) boys
had slightly higher BMI values (~0.41 kg/m®) than the

Marquiri, but similar to Tintaya (~0.01 kg/m?®); on the
other hand, girls presented slightly higher values than the
Marquiri (~0.18 kg/m?) and displayed lower values than
the Tintaya (~0.27 kg/mz). 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 Junin (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).
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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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