High altitude
High altitude presents one of the most severe physical environments encountered by human populations. Among the many stresses found at higher elevations are cold, aridity, hilly terrain, high radiation levels, marked isolation, and a marginal nutritional base. This situation is further complicated by major biological stress resulting from lowered pressure of oxygen coincident with the decreased barometric pressure (Mazess, 1970). Because of the above conditions, human growth at high altitude has been a major research topic with the aim of establishing the relative effects of heredity and environment upon size and shape (Frisancho et al., 1980).

It has been concluded by several studies that human populations at high altitude, especially in Andes region, exhibit a slow pattern of physical growth resulting in short stature combined with high thoracic volumes (Beall et al., 1977; Frisancho, 1975; Mueller et al., 1978). Such developmental and morphological characteristics may reflect in part genetic adaptation to environmental stresses introduced by high altitude.

In the Philippines, intensive study on childrens growth at high altitude has not been done. Although study on body built and its relationship to strength and agility has been the research topic of Lapaz (1986), nevertheless, there is no data whether the high altitude population of the Philippine shares the same growth pattern to those of Peruvian and other highland communities. In spite of this, based from mere observation we can say that there is a difference in body structure between the lowland and highland Filipinos; although, we cannot conclude whether the difference is statistically significant or not, and this simple observation does not entails the implication(s) of differences in body built in those populations. This study, therefore, is an attempt to more fully document the physical growth of Sagada children and to compare their growth to the children at low altitude community with similar socio-economic status.

To answer the questions posted above, I proposed to test the assumption that adaptation has operated with differential degrees of magnitude on anthropometric traits related to altitude adaptation in a Sagada Population resident at an altitude of about 2,200 meters above sea level, and compare the values of these somatometric traits with a chosen low land population. This will also investigate the possible factors affecting or causing the differences (if there is) in the somatometric traits values between the two populations.

In general, it is hypotisized that there is a broad similarity between the genetic and phenotypic correlation matrices, indicating that genetic and environmental effects on development typically produce similar patterns of phenotypic variation. Overall, in these populations natural selection has operated more strongly on thoracic dimensions related to chest depth and less strongly on length dimensions related to general body size such as stature. A larger volume of the chest, along with reduced stature, appears to be selected for at high altitude. Along with these hypotheses are two other assumptions.

1. The population living in high altitude areas has slower growth rate compared to its low land counterpart. This situation could come about because of low supply of oxygen and cold environmental condition increase energy requirement; this in turn affects the energy balance and results in growth retardation which afflicts weight and stature.

2. Oxygen constraints in Sagada accelerates the growth of lungs, which is then manifested larger chest girth of the population.

The population sample will be comprised by school children from grades one to six on whom a set of somatometric measurements will be taken. These measurements will describe overall body size, thoracic morphology and nutritional status. The selection model applied to this study is based on observed changes in the distribution of phenotypic characters between two populations.

Sagada will be the chosen high altitude community because it is the highest point of settlement in the country, however it does not qualify as an altiplano community based on the standard altitude of equal or greater than 3,300 meters above sea level. In the regard that this study might give a different result or outcome from those high altitude studies in other parts of the globe. Also, since Sagada is an agricultural community, the target low altitude community counterpart must also be agricultural community to have homogeneity in subsistence of both populations.

Human growth at high altitude is a process that has been studied by many investigators (Beall et al., 1974; Clegg et al., 1972; Frisancho and Baker, 1970; Frisancho et al., 1975; Mueller et al., 1978; Pawson, 1977, and Stinson, 1980). Almost all of these studies have noted the greater chest dimensions relative to stature of high altitude children when compared to lowland counterparts. The increased in chest dimension were a result of developmental adaptation to hypoxia (Frisancho and Baker, 1970). It was suggested that growth retardation was proportional to the degree of hypoxia along the altitude gradient, concluding that hypoxia was the main agent responsible for slower growth and broader chest girths of high altitude children. Hurtado (1932) demonstrated clearly that high altitude natives despite their small stature have considerably greater lung volumes than their lowland counterpart. However, the study of Bolivian with European ancestry revealed that lung volume of Armaya is influenced by factors other than simply accelerated growth and development at high altitude. Nonetheless, the increased in chest girth can also be acquired through prolonged residence at high altitude (Hannon1969).

At sea level the partial pressure of oxygen of ambient air is about 160 mm Hg while at 2200m the partial pressure is only about 120 mm Hg. The lowered partial pressure of oxygen at high altitude is one of the severest and most pervasive environmental stresses affecting the human population (Mazess, 1969). One of its manifestations is thru oxygen deprivation or lower supply of oxygen which commonly called hypoxia. As mentioned above hypoxia is one of the main causes of growth interruption in children at high altitude and is highly correlated with greater chest dimension.

However, comparisons of height and weight between highland and lowland children have not yielded uniform results. Pawson (1977) found no difference in height between high altitude Sherpa and low altitude Tibetans living in Nepal. According to him the result is unexpected given a favorable climatic, health and nutritional benefits that the latter group is lavishing. However, among Ethiopian children, low altitude subjects were found to be smaller than high altitude children. This is probably the result of less disease stress at high altitude (Clegg et al., 1972). This could also be traced to better nutritional access and superior health conditions at high altitude population of Ethiopia. The findings of Malik and Singh (1978) in the study of resident of high altitude in India indicate that high altitude children are taller in adolescence but shorter in early adolescence period when compared to low altitude children. This discovery is somewhat parallel to what Frisancho et al., (1980) has found in the study of Quechua population of district which indicates a delay in postnatal growth compared to that of low altitude population with comparable nutritional and socioeconomic status (Haas, 1976; Mueller, 1978). In addition, stature growth in both male and female is delayed, and until the age of fourteen years there is no differentiation (Pawson,1977).

The rapid growth during adolescent is observed after the age of sixteen years in males and fourteen years in females in most Andean high altitude population. The late adolescent growth spurts, late dimorphism, slow growth and prolonged periods of growth among Andean population are also exhibited by the population in Himalayas and Tien Shan mountains (Pawson, 1977; Miklashevskaia, 1972). This phenomenon was explained by Frisancho and Baker (1970) via genetic factors, wherein they argued that genetic attributes on body size are greater during adolescence than during pre-adolescence children. This was further supported by the study of Johnston et al., (1976). He postulated that growth differences among pre-pubertal children do in fact reflect environmental factors and those genetic factors seem to be far less important during this stage. On the other hand, if comparisons involve adolescents, then true ethnic and genetic differences may very well manifest themselves.

Other studies indicate that high altitude is associated with the reduction in height and weight (Beall et al., 1977; Mueller et al., 1978). Exposure to high altitude was linked to progressive and apparently linear loss of body weight (though these changes are revealed only in subcutaneous fats and limb circumference especially in males) (Hannon, 1970). The weight loss in males is highly correlated with increased lipid catabolism (Klain and Hannon, 1968).

In Philippine setting, there has been an attempt on comparative growth studies between highlands and lowlands Filipinos. Lapaz (1986) studied the body built of Igorot and non-Igorot women in relation to their physical strength and agility. He found that body structures of Igorots were distinct from those of non-Igorots.

The results of the different studies underscore the fact that the patterns of growth exhibited by high altitude population are far from uniform. The growth pattern of any population cannot be viewed as the result of one environmental factors acting in isolation; it is the product of the interaction of so many factors (Stinson, 1980). For populations' resident at high altitude these factors include not only high altitude hypoxia but genetic composition, nutritional status and disease stress as well (Frisancho and Baker, 1970; Gray and Wolfe, 1980).
