Int. J. Morphol.,
32(2)593-598, 2014.

Effects of High Altitude on Morphophysiological Patterns,
Perception and Attention Capacity in Students from Putre
(3500 m.a.s.l.) and Arica (2 m.a.s.l.), Chile

Efectos de la Altura sobre Patrones Morfofisiolégicos y en la Capacidad Atencional y de Percep-
cion en Estudiantes de las Comunas de Putre (3500 msnm) y de Arica (2 msnm), Chile

Espinoza-Navarro, O & Grad, S.”

ESPINOZA-NAVARRO, O & GRAU, S. Effects of high altitude on morphophysiological patterns, perception and attentional capacity
in students from Putre (3500 m.a.s.l.) and Arica (2 m.a.s.l.), CiniteJ. Morphol., 32(2)593-598, 2014.

SUMMARY: High altitude hypoxia is a stress that triggers several adaptive mechanisms, one of which is how the brain responds to lack
of oxygen. The aim of this study was to determine changes in morphological and physiological patterns and in the atteityiandapa
perception in student populations from the highlands and from a sea level location. Eighty students, aged 14 to 16gthesexad, b

from the Municipalities of Putre (3500 m.a.s.l.) and Arica (2 m.a.s.l.) participated in this study, with each group con2fosedei

and 20 men. After informed consent was obtained and with the students acceptance, parameters such as weight, heighatBMI, heart
systolic and diastolic blood pressures were obtained. Subsequently, a psychometric test of attention and perception.Wée applied
results determined that the population from Putre had less weight and height than students from Arica. Males exhibiteght signif
decrease in heart rate and women had lower systolic and diastolic blood pressures than in the assessed sea level pdpuisarfi. Th
response in the psycho-technical tests were significantly lower in the population from high altitude, both in males andMemales
conclude that high altitude causes changes in morphological and physiological patterns and in responsiveness in psyctestechnica
However, further studies in psycho-perception are required to delineate the effects that are unique of ethnicity, cuttlideiandofs

the people living in high altitude and their levels of response.
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INTRODUCTION

High altitude represents an extreme environment, whegglowing adequate oxygenation of the cells (Beall, 2006;
several factors such as hypoxia, thermal amplitude, loWoganet al, 2010; Verges, 2012).
humidity, low nutritional value and high solar radiation are
combined. Populations living in this environment interact with One of the problems that has increasing importance
all the variables. The human being -despite our great adaptabilityaltitude physiology is how the brain and its cells behave
to adverse environments- has limitations with hypoxia being the presence of this strong stress. Some authors have
one of the most important (Espinoza-Navatal, 2011). described a low metabolic rate and a better use of energy in

these structures (Hochachdtal, 1994). Wolff (2000) found

Authors agree in determining as a parameter for highbalance between vasodilation and vasoconstriction in blood
altitude the fact of living above 2500 meters above sea lewgssels that irrigate the brain. In the same context, LaManna
(m.a.s.l.). When altitude increases, a reduction in the degkgteal (2004) in studies performed in rats observed that the
of oxygen saturation is observed, which implies thatleal adaptive response would be an increased capillarization
hemoglobin is carrying less oxygen; however, in highlangf the nervous system. Hornbein (2001) indicated that
populations adaptive mechanisms such as an incremenhifpoxia always causes a deterioration of brain cells, which
the amount of hemoglobin and a higher affinity otan be measured thru the performance in neuropsychometric
hemoglobin for oxygen are under constant function, thussts. Areview by Bas®t al (2004), showed that 78.2% of
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the studies analyzed expressed an adverse effect of high  To measure attentional capacity and perception in
altitudes on the behavior of neuronal cells. Hogamal, students, the psycho-technical test for attention and
observed in a population of children and adolescents froperception (http://www.psicoactiva.com/tests/t1.htm) was
highlands a small reduction in psychomotor speed as altitudpplied, which consists in marking the row and/or column
increased, possibly due to the slowdown in brain function amd a series of table charts where the same letter was repeated
to the brain reduced metabolism. This may alter the perceptione or more times, consisting each table of 4 rows and 4
and attentional capacity in people living in high altitude. columns, as shown in Figure 1. This psychometric test is
formed by 30 charts in total. The time to perform the test

In Chile, like Peru, Bolivia and Argentina, the highlandvas 5 minutes. To evaluate the results achieved, a score
environment is caused by the influence of the Andean mountaiarameter of 52 points maximum, which corresponds to
chain called Altiplano. The town of Putre, with a populatiod00% of correct answers, was considered; each wrong
of 1,203 inhabitants, is located at 3500 m.a.s.|.; its populatiamswer deducted a point and blank answers were not
consists of approximately 60% of Aymaras. Arica, three housvaluated. The final score was classified according to Table
away from Putre, is a city of 150,000 inhabitants located at &rResults were recorded and statistically analyzed according
altitude of 2 m.a.s.l. (INE, 2002). to SPSS 14.0 (2006).

The objective of this research was to compare the Tablel. Evalyation oft_he capacity of attentior_lal response
patterns of weight, height, body mass index (BMI), blood @nd perception. Maximum score of 52 points, which
pressure (BP), heart rate (HR) and attentional capacity and C°''€SPonds to 100% correct answers (http://

. www.psicoactiva.com/tests/t1.htm).
perception of young people between 14 and 16 years old (both

sexes) living in Putre (3500 m.a.s.l.) in relation to young people Score Levels of attentional Percentage
from Arica (2 m.a.s.l.). capacity and per ception values
52- 47 Exod lent 100-90
46- 42 Good 89- 80
MATERIAL AND METHOD 41- 36 Medium 79-70
35-31 Low 69- 60
<30 Precarius <60

The Ethics/Bioethics Committee from the Universi
dad de Tarapaca approved the protocol and methodolog
this research. Eighty (80) male and female students of t
Liceo Granaderos school of Putre (n= 40) and from Lice
Domingo Santa Maria school of Arica (n= 40), all age
between 14-16 years old, were participants in this study. Aff

the signature of informed consent by the directors, heads a w a f
the Education Technical Units, teachers, parents and asg
from students, we proceeded to collect the data.

The assessment of the individuals was held duri J h r h

morning sessions, in their respective schools and separa
for boys and girls. For weight and height determination,
used a medical stadiometer with incorporated scale (Fitne
model D-339.2, USA). Students were assessed in lig
clothing, barefoot and anatomically positioned.

The body mass index (BMI) was calculated accordin
to the formula of weight (kg) divided by height (m) square
(kg/m2) and thus the participants were classified as thi
normal, overweight and obese (Olivares, 2002). Records
physiological samples such as blood pressure (BP) and heﬁrt

. . . g. 1. Psycho-technical test for attention and perception.
rate (HR) were registered by a digital tensiometer (GA.M dications required marking the row(s) and/or column(s) in tables

Italy Professional), while the tested subject was sitting ONghere the subject detected the same letter repeated once or more
chair while his left elbow lied on the examination surfac@mes. Each table consists of 4 rows and 4 columns. The full test

(table) and his wrist was positioned parallel to his heart. consists of 30 tables (http://www.psicoactiva.com/tests/t1.htm).
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RESULTS “medium levels of response” and 66,51% for males, “low
levels of response”.

In Table Il shows the meah standard deviation In Table IV presents the results obtained in women
achieved by male and female students from Arica, wherdram Putre and Arica and shows significant differences in
significant decrease in weight and height in womeheight and weight between them, with the female students
compared to men was observed; however, both sexasPutre registering lower weights and heights. In the case
exhibited normal body mass indexes (BMI). Regardingf blood pressure (systolic and diastolic), a significant
physiological outcomes, no statistically significantdecrease in the women from Putre was determined. No
differences were seen in blood pressure (BP) or heart ratgnificant difference was shown in heart rate (HR). In the
(HR). Regarding the results of the psycho test of attentimsycho-test, a significant decrease in the levels of response
and perception, no significant differences between groufrem women of Putre is depicted (medium levels of response
were observed (82.21% to 82.45% for ladies and men, batbhmpared to the women from Arica with good levels of
values with "good levels of response”). response).

In Table Il compares the parameters obtained in the In Table V shows the average values obtained in men
population from Putre (male and female students), wherdram the communes of Putre and Arica. Statistically
significant decrease was observed in the size of the wom&gnificant differences in size and weight were observed -
compared to men. Both groups had normal BMI. Ahe male students from Putre registering lower mean heights
significantly higher diastolic blood pressure in men waand weights-, and also a significant decrease in heart rate
observed, which also showed a significant decrease in heamtd significantly lower results in attentional capacity and
rate records. The psycho-test results showed no sex-relgpedception indices, compared to men of Arica, were
differences in students from Putre (75.55% for the womedetermined (66.51% and 82.45%, respectively).

Table 1l. Overall results (meah standard deviation) for morphological and physiological patterns and of attention and perception
assessments by sex in students from Arica, Chile (* p< 0.05; ** p< 0.01).

Sex Age Stature  Weight BMI Dm;c;l;;t;lgod Witroé's;brlgw Heart rate tecE?ilg]lctest
vers — (m) (kg  (kgm) (mmHg) (mmHg)  (beatsmin) (%)

Female 15 1.61 58.5 22.76 829 1232 82.4 82.21
+0.89 +0.06 +6.91 Normal +11.64 +9.92 +11.65 +9.36

Male 15 1.67 65.7 23.27 817 126 74.9 82.45
+0.66 +007**  +13.83* Normal +10.59 +14.61 +12.76 +12.46

Table Ill. Overall results (meah standard deviation) for morphological and physiological patterns and of attention and perception
assessments by sex in students from Putre, Chile (* p< 0.05; ** p<0.01).

Sex Age Stature Weight BMI Dla;c;g;)fod %l;tf;?:?d Heart rate tecif\i/ggot-eﬂ
(years) (m) (kg) (kg/m)) (mmHg) (mmHg) (beats/min) (%)

Ferde 15 1.53 53.3 22.68 74.2 1109 77.4 75.55
+064 +0.05 +11.56 Normal +12.73 +15.67 +10.33 +12.59

Mde 15 1.60 55.8 21.95 88.7 1219 65.5 66.51
+0.72 +0.09* +5.77 Normal +21.43* +28.66 +12.45+* +21.81

Table IV. Comparison of overall results (metastandard deviation) for morphological and physiological patterns and of attention and
perception assessments between the female students from Arica and from Putre (* p<0.05; *** p<0.001).

District ~ A9e ~ Stature nght kBMl Dlajzgﬁgj o Sypsyt ?é;?: SOd Hbeatr; rate tecﬁﬁyif;ﬁa
(vears) (m) (kg) (kgm_) (mmHg) (mmHg) (beatgmin) (%)

Arica 15 1.61 58.5 22.76 829 123.2 82.4 82.21
+089  +0.06 +691  Normd +11.64 +992 +11.65 +9:36

butre 15 153 533 22.68 742 1109 77.4 75.55
+0.64 +0.05* +11.56* Normd +12.73* +15.67%** +10.33 +12.59*
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Table V. Comparison of overall results (meastandard deviation) for morphological and physiological patterns and of attention and
perception assessments between the male students from Arica and from Putre (* p<0.05; ** p<0.01).

. Diastolic blood Systolic blood Psycho-
Digtrict (ypt;gres) St("ﬁ;re W(Eght (k?_;/'\:lT: ) pressure pressure (T)gtrst/rrﬁr% technical test
(mmHg) (mmHg) (%)
Arica 15 1.67 65.7 23.27 817 126 74.9 82.45
+0.66 +0.07 +13.83 Normal +10.59 +14.61 +12.76 +12.46
Putre 15 1.60 55.8 21.95 88.7 1219 65.5 66.51
+0.72 +0.09*  #5.77** Normal +21.43 +28.66 +12.45* +21.81*
DISCUSSION
Attention is the central process involved in the con- Cardiac patterns reflect a decrease in heart rate both

trol and execution of actions. Attention selects sensoiy males and females living in high altitudes, this decrease
information and mental processes to structure a particulaging significant in males. In females from high altitude, a
action and is related to multiple processes of daily life, frosignificant decrease in both systolic and diastolic pressure
learning, in all its aspects, to the decision to develop a plamen compared to females from Arica is also observed. Si-
of action (Pinel, 2007; Verges). milar results were observed by Zhagi@l, (2010) working
with a high altitude Tibetan population, where males showed
Perception describes both the action and the resultafignificant decrease in heart rate.
perceiving, i.e. having the ability to receive through the
senses diverse images, impressions or external sensations, High altitude produces a series of physiological
or to understand and to know something (Pinel). It ilesponses that involves several changes that include
commonly believed that attention and perception are hardaestaptations of metabolic rate and respiratory, circulatory and
to reach in communities that reside at high altitudes abowgardiac systems to meet the requirements of oxygen, nutrients
the sea level, since living in high altitudes exposes our bodnd waste disposal among others (Virués-Oregh 2011).
to lower oxygen pressure (Virués-Ortegal, 2006).
Altitude is a multistressing environment where
Altitude has a great impact on the populationadaptiveand genetic patterns are as important as altitude
exposed to it as was shown by the results obtained in titiself, with one of the first changes to take place is the
investigation evaluated through the Psychotechnical Testlofpoxic angiogenesis, which is controlled by genes such
Attention and Perception (psychometric test). Students froms hypoxia inducible factor-1 and angiopoietin-2 (LaManna
Putre (male and female) showed lower rates of achievetial). The brain is very sensitive to environmental hypoxia
attention than the subjects (male and female) from Aricaand it has been shown that increasing altitude over 3700
located at sea level. Wilsoet al (2009), have shown meters causes a decrease in mitochondrial function,
deterioration in arithmetic, memory, language, perceptioaffecting the metabolism and thus causing qualitative
learning, cognitive flexibility and psychomotor skills aschanges in neuropsychological performance (Hagaib;
altitude increases. Besides, the altitude environment causésuiés-Ortegaet al,, 2011). Yanet al. (2011), when
an elevated number of changes in the composition of themparing populations living at sea level with populations
blood, thus affecting the brain and other organs of our bodlying in high altitude, determined that there was an increase
(Kaur & Ling, 2008). in reaction time without observing changes in attention span
and conclude that adaptive mechanisms in the nervous
Regarding body mass index (BMI), current Chilearsystem ensure behavior conducts comparable between the
reports state that there is an increase in the rate of obesityviro populations under study. Similar results are shown by
the country, establishing that Chile faces an alarming increaR&hardsoret al. (2011) who determined that the dynamics
in this situation even reaching levels comparable to the United the metabolic demand is an adaptive mechanism that
States (Vio, 2005). This study shows that the high altitudetains cognitive levels at high altitude. Importantly, not
population has lower weight and height than the populatimnly the physiological and morphological aspects
from sea level locations (Arica), similar to the study bynentioned above cause attentional and good school per-
Espinoza-Navarret al (2009) in an infantile population li- formance problems; there are also contextual determinants
ving in high altitude cities versus children living at sea levesuch as family, community, school, in addition to the
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characteristics of each place from high altitudes witto the standards of the Institute of Technology and Food.
populations with longer adaptation time than others, witklale students from Putre (high altitude) have lower heart
ethnicity, culture and a specific worldview -different fromrates than their counterparts from Arica. Female students
other Western populations (Brutsaettal., 2003; Stuber from Putre show a significant decrease in systolic and
& Scherrer, 2010). It is expected that these results generdiastolic pressure. These results demonstrate that altitude
better methodologies regarding how to deal with learningpt only causes changes in the morphological and
disabilities in conditions of high altitude, since attention iphysiological patterns, but it also affects nervous system
the very basis of learning. behavior. However, further studies with more detailed
instruments of psycho-perception are required that allow to
differentiate adaptive effects over time in populations
CONCLUSIONS exposed to high altitude from those elements that are unique
to ethnicity, culture and worldview.

The population of Putre (3,500 m.a.s.l. in the Chilean
Altiplano) exhibits lower response indices in perception anACKNOWLEDGMENTS
attentional capacity when compared to students from Arica
(2 m.a.s.l.). Male and female students from Putre exhibit
significantly lower weight and stature than students from This research was supported by Universidad de
Arica. All subjects under study had normal BMI accordingarapaca through Major Project UTA: 4712-13.
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RESUMEN: La hipoxia de altura es un estrés que dispara varios mecanismos adaptativos, uno de ellos es como el cerebro responde
frente a la falta de oxigeno. El objetivo de este trabajo fue determinar cambios en los patrones morfolégicos, fisigidgicapacidad de
atencién y precepcion de poblacion estudiantil que vive en altura y a nivel del mar. Ochenta estudiantes de entre Heathascexos,
pertenecientes a las Comunas de Putre (3500 msnm) y Arica (2 msnm) participaron de este estudio. Cada grupo con 20muojbres y 20
fue medido para determinar su peso, talla, IMC, frecuencia cardiaca, presion sistolica y diastélica. PosteriormenteGenespapéba
psicométrica de atencion y percepcion. Los resultados determinan que la poblacion de Putre presenta menor peso yahifargpsedes
Arica. Los hombres muestran una disminucion significativa de la frecuencia cardiaca y las mujeres presentan una pisiodiasitiica
menor que lo observado en la poblacién a nivel del mar. Los niveles de respuesta en la prueba psicotécnica son sigtéficets/bajes en
la poblacion que vive en altura tanto en hombres como mujeres. Se concluye que la altura provoca cambios en los patbgiwss morfol
fisiolégicos y en la capacidad de respuesta en el test psicotécnico. Sin embargo se requieren de mayores estudios peigsigoperce
permitan delimitar los efectos que son propios de la etnia, cultura y la cosmovision de los pueblos que viven en alfetas/desespuesta
de esta poblacion.

PALABRAS CLAVE: Altura; Altiplano; Capacidad Atencional; Psicometria; Chile.
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