
&p.1:Abstract This study assesses body composition changes
and their time course during the initial days of acclimati-
zation to high altitude (HA). Comparisons were made
between gradual and acute induction to HA using 60
male lowlander volunteers (24–28 years of age) divided
into two equal groups for inducting them to HA. Thirty
subjects were air-lifted from sea level (SL) to 3500 m
HA in 1 h. These subjects were air inductees (AI). The
other 30 subjects were transported in 4 days by road to
the same location at 3500 m. These were road inductees
(RI). After remaining for 15 days at 3500 m both groups
were inducted to 4200 m by road. All the subjects could
not reach the various altitudes at the same time due to lo-
gistical problems. Ultimately, data for each altitude (SL,
3500 m and 4200 m) were available for only 26 RI sub-
jects and 10 AI subjects. Skinfold thickness (SKF) mea-
surements for the subscapular, thigh, triceps, biceps, jux-
tanipple, umbilicus, suprailiac and calf regions were tak-
en in order to calculate fat percentages. Measurements
were taken at SL and on days 1 and 9 at both 3500 m and
4200 m. On day 1 at 3500 m, RI showed a significant fall
in body weight (BW) with respect to SL but AI main-
tained it. On subsequent days at HA both groups showed
a significant fall in BW and lean body mass but not in
percentage fat. SKF in the biceps and triceps regions de-
creased significantly but in the umbilicus and suprailiac
regions it significantly increased at HA in both groups.
Body composition, along with other parameters, is dis-
cussed determining the acclimatization schedule for so-
journers at HA. Possibly, translocation of body fat takes
place from the periphery to deep body fat depots in the
core/main trunk due to the cold at HA.
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Introduction

Several investigators have reported changes in body
composition during high altitude (HA) acclimatization
(Bharadwaj 1972; Bharadwaj and Malhotra 1974; Con-
solazio et al. 1968; Hannon et al. 1969; Krzywicki et al.
1969, 1971; Surks et al. 1966). Changes during deaccli-
matization at sea level (SL) have also been reported by
Bharadwaj et al. (1981) and Zacharia et al. (1987). Ex-
cept for the work of Krzywicki et al. (1969), Surk et al.
(1966) and Zachariah et al. (1987), most of the data on
body composition and anthropometry at HA in man have
been obtained from acclimatization studies in which sub-
jects have been exposed to HA for at least 3 weeks. Data
for the initial days at HA are scanty. There is also no lit-
erature available regarding body composition changes in
man at HA, comparing road inductees (RI) (slow induc-
tion) and air inductees (AI) (acute induction) when simi-
lar biometeorological factors are considered for both
groups. Different physiological recordings (Hoon et al.
1977; Purkayastha et al. 1995) have indicated distinct
differences between AI and RI in the initial response to
HA exposure. Body composition might be related to
physiological adjustments during acclimatization at HA.
The objective of this study was to observe body compo-
sition and body fat distribution in RI and AI during the
initial days of exposure to HA at 3500 m and 4200 m.

Methods

Sixty healthy, active military men (SL residents) of the Indian Ar-
my were chosen for the study. Body measurements were taken on
the subjects in the forenoon before lunch at Jaipur (260 m altitude)
which was taken as SL. The ambient temperature of this place
ranged between 22.5° C and 34.2° C. The subjects were randomly
divided into two groups of RI (n=30) and AI (n=30). The groups
were matched for age, height and body weight (BW). Clinical ex-
amination of the subjects was performed to screen out any subjects
with systemic illness. The experimental protocol was approved by
an ethics committee at the institute. The informed consent of the
subjects was obtained before they participated in the study. RI
went to HA (3500 m) by travelling for 4 days in a military convoy
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by road. During transit they had their first, second and 3rd night
halts at 2150 m, 2800 m and 3450 m. On the afternoon of the 4th
day (day 0 at 3500 m for RI) they arrived at 3500 m and spent that
night there. AI were airlifted by a pressurized aircraft to the same
altitude within 1 h. After 15 days’ stay at 3500 m, both groups of
subjects were transported by road to an altitude of 4200 m, where
they stayed for 10 days. Due to logistical problems all the subjects
could not reach the different altitudes at the same time. Data for
26 RI and 10 AI only were available to compare values for indi-
vidual subjects at SL, 3500 m and 4200 m. The mean±SD values
were 24.2±3.2 years (age), 168.2±4.8 cm (height) and 57.5±3.8
(weight) for the AI group and 24.5±3.4 years, 167.6±3.5 cm and
57.9±3.7 kg for the RI group. BW and skin fold thickness (SKF)
measurements from eight different sites, i.e. subscapular, triceps,
biceps, juxtanipple, umbilicus, suprailiac, thigh and calf were tak-
en at SL, on day 1 (within 48 h of their arrival at HA) and on day
9 of the subjects’ induction at both altitudes. SKF was taken using
Lange’s skinfold caliper. BW was measured using a sensitive
beam balance (to the nearest 0.05 kg) in the morning hours after
voiding the bowels and bladder. During measurement of BW the
subjects were wearing only shorts. During the period of this study
the ambient temperature was between 6° C and 20° C with a rela-
tive humidity of 40% at 3500 m. At 4200 m the ambient tempera-
ture was between 0° C and 15° C with a relative humidity of
50–60%. The procedure of Wilmore and Behnke (1969) was fol-
lowed for measuring juxtanipple, triceps and biceps SKF. The su-
prailiac SKF was measured according to Tanner et al. (1969). The
umbilicus skinfold refers to the skinfold pinched in the horizontal
plane approximately 3 cm from the centre of the umbilicus. The
skinfold at the biceps was pinched at the middle of the bulge of
the forearm. The SKF from the calf was taken on the medial as-
pect of the calf muscle. Body fat percentage was calculated from
the subscapular and thigh skinfolds by the method of Sloan
(1967). This equation was selected because of its applicability to
Indian soldiers stationed at HA as tested previously by Bharadwaj
et al. (1977). Lean body mass (LBM) was computed from BW and
fat percentage by deducting fat (kg) from BW (kg). The soldiers
were on a ration scale of 3800 kcal per soldier per day. This ration
scale had been developed earlier at this institute on the basis of en-
ergy expenditure.

Statistical analysis of the data was carried out for multiple
comparisons of various parameters within the group on different
days at SL and HA by two-way analysis of variance using the cri-
terion of least significant difference. However, intergroup compar-
isons between AI and RI were done using an unpaired t-test.

Results

There was a significant reduction (P<0.05) in BW in RI
on day 1 at 3500 m HA as compared to SL. Thereafter it
reduced further (P<0.001) on day 9 at 3500 m and on
days 1 and 9 at 4200 m (Fig. 1, Table 1). There was no
fall in BW in AI on day 1 at HA as compared to SL (Ta-
ble 1) but later there was a significant fall throughout
their stay at HA. On day 1 at 4200 m altitude, AI also
showed a significant reduction (P<0.001) in BW as com-
pared to SL. Fat percentage did not show any significant
difference. LBM showed a progressively higher signifi-
cant fall on day 1 (P<0.01), day 9 (P<0.001) at 3500 m
and on day 1 (P<0.001) and day 9 (P<0.001) at 4200 m
in RI. AI did not show any such significant fall in LBM
on day 1 at 3500 m but on day 9 at 3500 m and on day 1
at 4200 m there was a significant fall (Table 1, Fig. 1).
SKF from all body regions except umbilicus and suprail-
iac progressively decreased in the RI throughout the pe-
riod at HA (Table 1). This reduction in SKF in triceps

121

and biceps was highly significant (P<0.001). On the oth-
er hand, the SKF values in the umbilicus and suprailiac
regions increased significantly at 4200 m on days 1 and
9 at 4200 m as compared to SL (P<0.001, P<0.01). The
AI also showed a significant decrease in SKF values in
triceps and biceps during the latter part of their stay at
HA as compared to SL. The mean values of SKF in the
suprailiac and umbilicus regions also progressively in-
creased at HA as compared to SL in the case of AI. In
the suprailiac region, it was highly significant (P<0.001)
on day 1 at 4200 m and in the case of the umbilicus re-
gion, it was significantly higher (P<0.01) only on day 9
at 4200 m as compared to SL. Intergroup comparisons of
any of the parameters did not show any significant differ-
ences.

Discussion

Traditionally, people have exposed to HA by trekking to
such places. With the development of modern transport
systems and increasing tourist, business and military ac-
tivities in different HA areas, people reach HA by sur-
face transport and/or by air within a very short time peri-
od. The higher fall in BW in RI from day 1 onwards at

Fig. 1 Body weight and lean body mass of road inductees (n=26)
and air inductees (n=10) at sea level and high altitude. Significant-
ly different with respect to sea level. Values are mean±SD;
* P<0.05, ** P<0.01, *** P<0.001; ●-----● ROAD inductees;
l----l AIR inductees&/fig.c:
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3500 m altitude indicated the physiological strain and
exertion which this group of subjects had undergone dur-
ing the long journey on mountain roads for 4 days. There
was no such fall in BW in AI on day 1 at 3500 m HA but
during the later stages there was a steep fall up to day 1
at 4200 m. Hypoxia causes a reduction in BW due to a
decrease in food consumption as has been reported from
mountaineering expeditions (Rose et al. 1988). Anorexia
and hypophagia have been described as probable factors
leading to a reduction in BW at HA (Van Liere and
Stickney 1963; Gloster et al. 1974; Koob et al. 1974).
Singh et al. (1996) indicated that HA stress shifted feed-
ing behaviour in rats from metabolic cues to sensory
cues in regulating food intake. Rao (1980, 1983a, b) re-
lated effect of BW loss to altered taste responses and in-
gestion. Kayser et al. (1993) showed that, up to 5000 m,
loss of body fat and muscle could be avoided by food in-
take matched to energy expenditure which was achieved
by proper acclimatization, comfort and palatable food
availability. One of the symptoms of acute mountain
sickness is anorexia. With anorexia, an increase in basal
metabolic rate and energy expenditure in moderate activ-
ity may be another factor leading to BW loss (Butterfield
et al. 1992). Previously, we reported (Purkayastha et al.
1995) from studies on the same subjects under the same
protocol that basal resting oxygen consumption signifi-

cantly increased on day 1 at 3500 m HA. Thereafter, it
started to decline on day 3 in RI, whereas in AI it re-
mained elevated up to day 5 and started to decrease grad-
ually on subsequent days. Later, in both AI and RI, it de-
clined further and remained stable but slightly higher
than the values at SL up to day 5 at 4200 m. With the
changes in basal oxygen consumption, BW showed cor-
responding changes in both the AI and RI groups on dif-
ferent days at HA. After day 9 at 3500 m both groups
tended to have a new baseline in BW in accordance with
the apparently stable basal resting oxygen consumption.
Singh et al. (1996) also showed this attainment of a new
baseline in BW in rats during hypoxia in a decompres-
sion chamber. The present study confirms this aspect in a
human trial at natural HA.

Body fat percentage did not show a decrement corre-
sponding to that of BW in either group at HA but LBM
showed a similar fall. The reduction in LBM might be
due to reduced protein mass and/or body water, electro-
lytes or minerals. In this situation the reduction in BW
might not have been due to a reduction in protein mass
as it is unlikely that, without any loss of body fat (as
shown in this study especially on day 1 in AI), there
would be any loss of protein. In healthy and active
troops, a fall in BW without a reduction in body fat
could be attributed to the loss of body water and some

Table 1 Skinfold thickness, body fat percentage, lean body mass (LBM) and body weight (BW) of road inductees and air inductees at
sea level and at various altitudes (values are mean±SD)&/tbl.c:&tbl.b:

Skinfold Road inductees (n=26) Air inductees (n=10)
thickness

Sea level 3500 m 3500 m 4200 m 4200 m Sea level 3500 m 3500 m 4200 m 4200 m
Day 1 Day 9 Day 1 Day 9 Day 1 Day 9 Day 1 Day 9

** *** *** *** ** *
Triceps 6.8 6.3 6.0 6.0 5.9 7.1 7.2 6.5 6.1 6.2
(mm) ±2.2 ±2.4 ±2.1 ±2.2 ±2.1 ±1.7 ±1.7 ±1.7 ±2.0 ±2.2

** *** ***
Biceps 3.3 3.0 2.7 2.4 2.5 3.2 3.2 2.6 2.5 2.4
(mm) ±0.73 ±0.66 ±0.72 ±0.58 ±0.62 ±0.53 ±0.78 ±0.61 ±0.50 ±0.57

* **
Juxtanipple 8.0 7.8 7.4 7.9 7.8 6.3 6.7 6.4 7.4 7.7
(mm) ±3.3 ±2.9 ±2.5 ±2.8 ±2.6 ±1.7 ±1.2 ±2.3 ±1.4 ±2.0

** *** *
Umbilicus 9.4 9.7 10.1 10.5 11.2 9.6 9.6 9.1 10.2 11.6
(mm) ±4.5 ±3.5 ±4.1 ±4.4 ±3.9 ±2.9 ±2.1 ±2.4 ±2.8 ±3.0

** * ***
Suprailiac 4.6 4.7 5.0 5.5 5.4 4.1 4.8 4.9 5.9 4.9
(mm) ±1.3 ±1.6 ±1.6 ±2.6 ±2.4 ±0.97 ±1.03 ±1.4 ±2.5 ±1.9

Calf 8.7 8.5 8.4 8.3 8.4 9.9 9.5 9.6 10.1 10.1
(mm) ±3.2 ±3.0 ±2.7 ±2.8 ±2.6 ±3.2 ±2.9 ±3.0 ±3.2 ±2.8

** *** *** *** *** *
LBM 52.34 51.84 51.1 50.98 51.10 51.98 51.96 51.47 50.73 51.29
(kg) ±2.9 ±3.3 ±3.0 ±3.0 ±3.03 ±3.2 ±2.9 ±2.7 ±2.8 ±2.7

Fat % 9.54 9.79 9.64 9.73 9.87 9.48 9.63 9.29 9.89 9.79
±3.2 ±2.7 ±2.9 ±3.1 ±3.1 ±2.7 ±2.6 ±2.5 ±2.7 ±2.9

* *** *** *** * ***
BW 57.93 57.51 56.62 56.53 56.74 57.47 57.53 56.78 56.3 56.89
(kg) ±3.72 ±4.0 ±3.8 ±3.8 ±3.7 ±3.77 ±3.28 ±3.1 ±3.0 ±3.0

* P<0.05, ** P<0.01, *** P<0.001&/tbl.b:



electrolytes (Consolazio et al. 1968). The soldiers in
their study showed a negative nitrogen and water balance
even after 4 weeks’ stay at HA. Boyer and Blume (1984)
and Guilland and Klepping (1985) reported negative ni-
trogen balance at HA.

Kirzywicky et al. (1969) reported losses in body fat,
protein, water and mineral content in subjects exposed to
the same altitude for 12 days. Singh et al. (1986) ob-
served a decrease in total body water, extracellular and
intracellular water and plasma volume in their aircraft-
inducted subjects at 3500 m on days 3 and 12 after arriv-
al. There might also be water loss through expired air
and cold diuresis. Bharadwaj (1972) showed in his sub-
jects that there was an average loss of 0.845 kg in BW
even when there was no change in SKF. In these sub-
jects, the change in SKF was significantly correlated
with BW change (r=0.571, P=0.05).

Zacharia et al. (1987) have shown a reduction in BW
in AI subjects which decreased by 1 kg on the 12th day
at 3500 m. With this change in BW, there was a parallel
reduction in total body water as determined by tritiated
water. In their study a reduction in SKF was observed.
However, in our study there was no such significant re-
duction in SKF at 3500 m in AI. There may be some sea-
sonal factor playing a role because our study was done in
a comparatively warm climate at the same location at
HA (3500 m) where Zacharia et al. (1987) performed
their study. The results of our study (i.e. no reduction in
fat percentage at HA) corroborate the findings of
Bharadwaj and Malhotra (1974), which showed no
change in body fat percentage in subjects exposed to
similar altitudes in the western Himalayas during sum-
mer.

Another factor, i.e. cutaneous blood flow, which was
partially responsible for changes in SKF at HA, as con-
cluded by Zacharia et al. (1987), could not be considered
here as, in this study, the fat percentage (derived from
SKF from subscapular and thigh regions did not de-
crease. However, there was a fall in the mean values of
fat percentage in AI at HA as compared to SL. RI did not
show this. As fat percentage was derived from the values
of SKF for thigh and subscapular regions, the reduced
SKF values for these body sites were reflected in the per-
centage fat. In our previous report (Purkayasha et al.
1995) in the same subjects, it was shown that there was a
more significant reduction in skin temperature of the big
toe, index finger and thigh in AI at HA (on days 5 and 7
at 3500 m) than that of RI and that this was due to great-
er sympathetic vasoconstriction in AI than RI. The great-
er SKF fall (as reflected in the fat percentage values) ob-
served in this study supports the findings of Zacharia et
al. (1987), which indicated partial involvement of blood
flow influencing the values of SKF at HA.

The SKF in the triceps and biceps regions showed a
significant reduction at HA but in the suprailiac and um-
bilicus regions an increment during the latter part of the
subjects’ stay at HA was observed. This might be due to
the redistribution of fat from regions away from the main
trunk of the body towards the core. Similar phenomena

have been seen in our studies on subjects exposed to a
cold environment in the Arctic winter for 8 weeks (Ray
et al., unpublished work) where SKF in the main trunk of
the body increased without any such change in other
sites in the limbs. This could be related to the cold. In
our subjects, significant changes in this value were ob-
served mostly at 4200 m altitude in both groups (Table
1). The occurrence of this type of phenomenon is mostly
observed in cold conditions, as observed in this study
where the ambient temperature at 4200 m altitude was
much lower than that at 3500 m. It can be compared to
the studies of Murray et al. (1986), where it was shown
that respiratory quotients and SKF decreased in cold
conditions, but when the fat percentage was determined
by under-water weighing it did not show a proportionate
decrement similar to SKF, indicating a possible translo-
cation of body fat from subcutaneous depots to deep
body fat depots.

It may be concluded that, on induction to HA, BW
falls in both AI and RI, possibly due to more pronounced
anorexia and hypophagia in addition to greater loss of
body water and electrolytes during the first week of HA
acclimatization. This was commensurate with similar
stressful effects in other physiological parameters as re-
ported by us previously (Purkayastha et al. 1995). BW
tended to adjust to a new baseline at a lower level at HA
after 1 week of acclimatization in lowlanders. There is a
possibility that, at HA, gradual translocation of body fat
from the periphery to the core/main trunk of the body, in
deep body fat depots, is caused by the cold.
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