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errestrial heights above 3000 metres constitute about 5% of the total 
land surface with a sizeable human population. Permanent residency T IS restricted to about 4300 m, although some ethnic groups, e.g. miners 

in the Peruvian Andes, are reported to  live at heights of 5500 m.As well as 
native populations, many people travel to  high altitudes for sport or 
recreation with stays of a few weeks to several months. Mountainous 
environments are composed of several factors, unfamiliar to plain dwellers, 
and which cause alteration and modifications in physiology and homeostasis. 
The most significant factors are reduced barometric pressure, cold, intense 
solar radiation, wind (which also effectively reduces temperature by increasing 
the chill factor) and reduced flora and fauna.These factors vary in magnitude 
depending upon location and season, and set a formidable challenge to 
human adaptability. 

The diets of humans differ in quantity and composition in different climatic 
regions.This largely depends on the availability of food items, and to some 
extent on selecting nutrients which have possible roles in acclimatisation. 
Much of the knowledge of nutritional requirements in extreme environments 
has resulted from military research or expeditions to mountainous and 
polar regions. Under field conditions at high altitude, troops have to operate 
in difficult terrains and have to  undertake various strenuous duties. 
Accordingly their energy and nutritional requirements are much higher 
than the general population'. 
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WEIGHT LOSS DUE TO ANOREXIA AT HIGH ALTITUDE 
Anorexia and weight loss, particularly at extremely high altitude, and acute 
mountain sickness, are the major problems faced by sojourners at high 
a l t i t ~de~-~ .The  primary cause of  weight loss is anorexia which is more 
pronounced during the early phase of exposure. It has been reported that 
energy and protein intakes at high altitude are consistently decreased by 
30 and 40% respectively, resulting in negative energy and nitrogen balances 
even when the best food is available 6-8. Appetite suppression may persist 
even after the symptoms of acute mountain sickness have disappeared, or  
at an altitude where acclimatisation is incomplete. Reductions in meal size 
with rapid increase in satiety and an increase in meal frequency have also 
been reported8. Hypophagia together with an increased energy expenditure 
is considered t o  be the major cause of weight loss. Significant declines in 
skinfold thickness, body fat, lean body mass and body water after prolonged 
stays of two years at moderate altitude (3500 m) have been reported, with 
losses of  fat accounting for up to  74% of weight loss.The various factors 
responsible for weight loss are shown in figure I .  I t  has recently been 
observed that leptin levels are increased at high altitude9. Leptin is a key 
mediator o f  neuroendocrine regulation of food intake and energy 
expenditure and may be responsible for weight loss. 

ENERGY REQUIREMENTS AND DIET AT HIGH ALTITUDE 
Energy expenditure increases at high altitude from between 7-25% and 
may be due to  carrying heavy loads, wearing protective clothing, and the 
effort needed to  walk across snow covered terrainlo,", However the energy 
costs of  various activities under sedentary conditions do not change (table 

I ) .  In studies by 
Malhotra et a/. ' I  the 
daily energy expen- 
diture of soldiers at 
3500 m and 4300 m 
were found t o  be 
almost the same 
(about 17.6 MJ or  
4200 kcal). Exposure 
t o  a continuous cold 
stress at rest i s  
expected t o  more 

Fig: I Factors affecting 
weight loss at high 
altitude 
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Table I Comparison of energy costs at high altitude and sea level' 

than double energy expenditure, with carbohydrate serving as the main 
fuel for thermogenesis. Using doubly labelled water; daily energy expenditures 
greater than 16.7 MJ (4000 kcal/day) in extremely cold conditions have 
been reported'*. In the initial stages at high altitude the reduced barometric 
pressure imposes restrictions on the availability of oxygen at the cellular 
level. Considering this and the 
combustion of carbohydrate which 
provides 5.05 kcal/L o f  oxygen 
compared to  fat (4.69 kcal/L), the 
superiority of a high carbohydrate diet 
is apparent. The diets o f  native 
populations living at high altitude 
contain more than 60% carbohydrates. 
The minimal requirement of 
carbohydrate for a moderately active 
individual is about 320 g/day13. The 
proximate composition of troops' 
rations at altitudes of 2750-3660 m is 
given in table 2. A dietary preference 
for carbohydrate has been observed 
when subjects were given a variety of 
palatable foods. However; Reynolds et. 
a/. l 4  showed no shift in food selection 
from high fat towards high 

Table 2 Proximate composition and 
nutrient content of a diet for active 
individuals at an altitude of 2750-3660 m' 
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Table 3 Nitrogen excretion pattern at high altitude' 

carbohydrate items during an expedition t o  Mount Everest. High altitude 
hypoxia causes alterations in the hedonic matrix with respect t o  taste 
thresholds. In animal and human studies, thresholds for sweet and salt were 
found to  be elevated, whilst for bitter and sour they were reducedtS-''. In 
humans, fasting blood glucose levels were found t o  be elevated even after 
10 months at high altitude, and thereafter decreased t o  below normal 
levels. Glucose tolerance remains normal at  high altitude'* with a shift 
towards increased dependence on glucose metabolism after acclimatisation. 

PROTEIN REQUIREMENTS AND NITROGEN BALANCE 
Negative nitrogen balance was reported at high altitude by Consolazio et 
0 1 . ' ~  and Surks et a/.2o on intakes o f  50-60g proteidday, however in these 
studies total energy intake was low.When subjects are adequately nourished 
there is no negative nitrogen balance. In a well-controlled study (on intakes 
of I 2g/day), Sridharan et found a positive nitrogen balance of  5g. Similar 
findings have been reported by Consolazio et 01. 22. Nitrogen intake and the 
components of  nitrogen excretion at sea level and at altitude are given in 
table 3. In a 2-year longitudinal study at high altitude, serum protein levels 
were found t o  be within the normal range, although there was a small 
decrease in serum albumin and increase in globulin without significant 
increase in transaminase activity. A steep rise in serum creatine 
phosphokinase activity in the first I0 months was noted, but there was no 
change in the excretion of creatine and creatinine, thereby indicating muscle 
integrity. After acclimatisation there is no alteration in protein metabolism 
if  food intake is optimal. 

GASTROINTESTINAL FUNCTIONS 
The digestibility of fat, protein and carbohydrates at high altitude appears 
to be normal and there is no malabsorption 2 1 . 2 4 ~ 2 6  up to a height of 5000 
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m.The concentration of gastric acid, and total acid output, is reduced 
significantly in basal conditions. However; there is no change in maximal 
levels, using pentagastrin stimulation2'.This may be why there is no change 
in the digestibility of proteins, since maximal secretion of acid occurs during 
digestion and is not altered at high altitude.This may also be the reason for 
a reduced incidence of peptic ulcer reported in Indian troops at high 
altitude2'. 

FLUID, ELECTROLYTE AND MINERAL REQUIREMENTS 
In adadition to cold induced diuresis, hyperventilation together with a dry 
environment at high altitude makes individuals prone to  hypohydration. 
Investigations using isotope dilution techniques by Jain et a/.28 and Singh et 
~ 1 . ~ ~  to assess body fluid compartments, revealed decreases in body water 
and plasma volume. Bhardwaj and Malhotra3' using anthropometric 
techniques and soft tissue X-ray of muscle have shown losses of body 
water and bone mineral after 4 weeks at 4300 m. Controlled studies on 
fluid intake and output have shown that there is no change in fluid balance2'. 
Acute exposure to  moderate altitude causes transient hypohydration which 
is due to  increased diuresis and reduction in thirst perception. 

An increased excretion of potassium and sodium, irrespective of urine 
volume has been observed at high altitude. In high altitude pulmonary 
oedema, excretion of these ions is diminished with a parallel change in 
plasma levels3'. In a longitudinal study on prolonged stay at high altitude, no 
change in electrolyte balance was noted.Thus a decreased intake due to 
anorexia may be a reason for the low levels of plasma electrolytes observed 
by several workers. Decreases in magnesium and calcium excretion during 
acute exposure in humans at 5770 m and increased urinary losses of zinc 
have been observed during an expedition to Mount E~eres t~~.  Reduced 
zinc levels are associated with anorexia33. Zinc is an integral part of the 
enzyme carbonic anhydrase and is a cofactor for many antioxidant enzymes. 
Because of these important functions, more detailed studies are required 
on the role of zinc at high altitude to determine requirements.There is an 
increased calcium absorption from food by native populations living at high 
altitude and this may be attributed to  increased availability of vitamin D 
due to increased UV radiation.There is no evidence of an increased iron 
requirement because there is a balance between the formation and the 
destruction of erythrocytes. The need to increase haemoglobin synthesis 
during the early phase of stays at altitude are fulfilled by redistributing body 
stores and from dietary iron. 
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VITAMIN REQUIREMENTS AND DIETARY SUPPLEMENTS 
Studies carried out on the nutritional status of troops at an altitude of 
3660 m have shown that there is not much change in vitamin requirements 
at high altitude in comparison to sea l e ~ e l s ~ ~ . A s  a result of hypoxia and high 
UV radiation,there is an increase in the formation of  reactive oxygen species 
(ROS) at high altitude.Antioxidant vitamins (C, E and &carotene) together 
with minerals (selenium and zinc), which act directly or as cofactors for 
cellular or  extracellular antioxidant enzymes (glutathione peroxidase, 
superoxide dismutase), may reduce ROS generation. Studies conducted at 
high altitude indicate that vitamin C and E supplementation is b e n e f i ~ i a l ~ ~ , ~ ~ .  
Recent studies by Pfeiffer et have shown an increased oxidative stress 
at moderate altitude (2700 m), despite relatively high intakes of antioxidants 
from the diet and from supplements. Sometimes it is difficult t o  obtain 
fresh products at high altitude and snow bound areas.To overcome this 
problem various tinned food items, which require very little or no preparation 
and are stable for long periods (one year or more), are used.The effect of 
tinned food on nutritional status was evaluated by Sridharan et a/.31 and it 
was observed that these products are well accepted, provide adequate 
nutrition, and there is no need for multivitamin supplementation up t o  a 
period of  one month. 

FOOD SUPPLEMENTS 
Health food supplements and 'adaptogens' such as Composite Indian Herbal 
Preparation (CIHP) and Panax ginseng, have been found to  enhance the 
acclimatisation of soldiers at  high altitude3*. Supplementation of  branched 
chain amino acids (leucine, isoleucine and valine) has been reported to 
prevent muscle loss during trekking at high altitude39. 

Detailed studies are required t o  understand the basis of anorexia at 
extreme high altitude (above 5000 m) to  develop effective therapeutic and 
preventive measures.The palatability of  different tinned food items should 
be increased using modern food processing techniques which restore fresh 
appearance, flavour etc, along with attractive packaging, so that they can be 
consumed in adequate amounts. 
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