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Abstract We hypothesized that hypoxia decreases energy
intake and increases total energy requirement and, addi-
tionally, that decreased barometric pressure increases total
water requirement. Energy and water balance was studied
over 31 days in a hypobaric chamber at 452–253 Torr
(corresponding to 4,500–8,848 m altitude), after 7 days
acclimatization at 4,350 m. Subjects were eight men, age
27±4 years (mean±SD), body mass index 22.9±1.5 kg/m2.
Food and water intake was measured with weighed die-
tary records, energy expenditure and water loss with la-
belled water. Insensible water loss was calculated as total
water loss minus urinary and faecal water loss. Energy in-
take at normoxia was 13.6±1.8 MJ/d. Energy intake de-
creased from 10.4±2.1 to 8.3±1.9 MJ/d (P<0.001) and
energy expenditure from 13.3±1.6 to 12.1±1.8 MJ/d
(P<0.001) over the first and second 15-day intervals of
progressive hypoxia. Absolute insensible water loss did
not change (1.67±0.26 and 1.66±0.37 l/d), however, ad-
justed for energy expenditure it increased with ambient
pressure reduction (P<0.05). In conclusion, hypoxia in-
duced a negative energy balance, mainly by a reduction
of energy intake. Overall insensible water loss was un-
changed because the increase in respiratory evaporative
water loss was counterbalanced by a decrease in meta-
bolic rate that probably limited the hypoxia-induced in-
crease in ventilation.

Key words Energy intake · Water intake · Energy
expenditure · Water loss · Body composition

Introduction

An important problem during chronic exposure to high
altitude is the maintenance of energy and water balance.
Many studies have shown that subjects lose significant
amounts of weight, depending on the altitude reached
and the time spent there [1, 6, 7, 8, 13, 15, 16, 19, 20].
However, weight loss can be largely prevented in the
presence of sufficient comfort as shown at an altitude of
4,300 m [2, 3] and even at 5,050 m by supplying the sub-
jects with highly palatable diets [10]. A negative energy
balance at high altitude is mainly the result of malnutri-
tion. Energy expenditure, as measured with doubly la-
belled water, does not reach exceptionally high levels
[19, 20] and the absorption of energy seems to be affect-
ed only marginally at altitudes up to 6,542 m [2, 11, 20].
A negative energy balance is thus the consequence of in-
take not meeting expenditure, as observed in subjects
with comparable energy requirements at sea level.

Water requirement at high altitude theoretically in-
creases due to increased insensible water loss at low am-
bient water vapour pressure. In practice, however, water
loss at altitude is not higher than at sea level [9, 19, 20,
21]. Additional clothing, which reduces cutaneous water
efflux, counterbalances the increase in evaporative water
loss through the increased breathing in response to the
decreased barometric pressure. The opposite of hypohy-
dration, i.e. hyperhydration, sometimes affects a stay at
high altitude. Fluid retention is associated with acute
mountain sickness (AMS). Subjects who do not show the
increase in diuresis that compensates for a reduction of
evaporative water loss at altitude develop AMS [21].

The composition of weight loss at altitude is difficult
to assess [7]. The generally applied technique for the as-
sessment of body composition during altitude exposure
is the skin-fold method. Techniques for the assessment
of body composition based on the measurement of the
water compartment of the body, like isotope dilution and
bio-impedance, are complicated by both fluid shifts and
fluid loss at altitude [21], violating the underlying as-
sumption of the method i.e. a fixed hydration of the fat-
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free mass of the body. The skin-fold method is not ac-
ceptable when subjects develop peripheral subcutaneous
oedema, a common phenomenon during exposure to
high altitude [20]. The best option, when conditions al-
low, is to return to the well-established balance tech-
niques, calculating changes in body composition from
the difference between input and output. A relatively
new tool in energy and water balance studies is the appli-
cation of water labelled with 2H and 18O for the assess-
ment of total energy expenditure and total water loss
over intervals of 1–3 weeks.

The present study was designed to measure the effect
of hypoxia on energy and water balance during a simu-
lated ascent of Mt. Everest. In this way it was compara-
ble to “Operation Everest II” [13]. The present study in-
cluded additional measurements of total energy expendi-
ture and total water loss with doubly labelled water,
measurement of faecal energy loss as an indicator of nu-
trient absorption and urinary and faecal loss of nitrogen
as a measure of protein balance. The hypotheses were
firstly, that hypoxia increases total energy requirement
by an increase in total energy expenditure and a reduc-
tion of nutrient absorption and secondly, that a decreased
barometric pressure increases total water requirement by
an increase in insensible water loss.

Methods

Measurements were performed during progressive hypoxia from
452 to 253 Torr (4,500 to 8,848 m) over 31 days, after baseline
measurements over 7 days and a 7-day acclimatization at 4,350 m.
Baseline and hypoxia measurements were made in a hypobaric
chamber in COMEX, Marseille, France. Acclimatization at 4,350 m
was achieved, after car and helicopter transport, in a laboratory on
Mont Blanc in the French Alps (Observatoire Vallot). The hypo-
baric chamber consisted of a bedroom, a bathroom and an exercis-
ing room with a total volume of 105 m3. Temperature and relative
humidity were kept at 18–24 °C and 30–60%, respectively [12].

Baseline measurements started in nine men, eight subjects for
the actual measurements in the hypobaric chamber and one re-
serve subject. All were selected on the basis of having high-alti-
tude experience and were tested psychologically for their ability to
be confined for over a month. They gave their written informed
consent to participate in the study. The medical ethics committee
of the University Hospital of Marseille approved the protocol. One
subject was withdrawn from the study because of pulmonary
oedema during the acclimatization at 4,350 m; the reserve subject
took his place. Characteristics of the eight experimental subjects
were: age 27±4 years and body mass index 22.9±1.5 kg/m2.

Food and water intake was measured daily in the chamber, in
normoxia and hypoxia. The subjects, using table scales to weigh
individual food items and a graduated container for volumes of
drinks, recorded intake at breakfast and snacks. Records were ex-
amined daily with the subject by intercom to clarify and eliminate
inconsistencies. Intake during lunch and dinner was recorded by
one of the experimenters, who weighed the individually marked
items before serving, as well as the left-overs. The macronutrient
and water intake was derived from food tables [14].

Total energy expenditure and water loss was measured with
doubly labelled water (2H2

18O) as described before [22]. Observa-
tions covered the 31-day interval in the hypobaric chamber during
progressive hypoxia from 452 to 253 Torr. Six subjects were given
a weighed dose of water with a measured enrichment of approxi-
mately 5 atom% 2H (i.e. 5% of 1H atoms replaced by 2H) and
10 atom% 18O so that isotope levels were increased 150 and

300 ppm above baseline for 2H and 18O, respectively, with an ini-
tial dose administered on day 1 of the 31-day interval and a sec-
ond dose on day 16. The remaining two subjects collected samples
without dosing to allow for corrections due to changes in back-
ground abundance. Urine samples for isotope measurement were
collected before dose administration (2200–2300 hours), and from
the second voiding and the last voiding the next day. Subsequent-
ly, every 5th day after dosing urine samples were taken from the
second and last voiding. Isotope abundances in urine samples
were measured with an isotope-ratio mass spectrometer (Aqua
Sira, VG Isogas, Middlewich, UK). CO2 production was convert-
ed to energy expenditure by use of an energy equivalent according
to the average metabolic fuel quotient calculated from the mea-
sured macronutrient composition of the diet and the use of body
energy reserves [4]. Water loss was calculated from the deuterium
elimination rate corrected for fractionation [5]. Evaporative water
loss was calculated as total water loss minus urinary and faecal
water loss.

Body composition measurements included body mass, total
body water and extracellular water. Body mass was measured dai-
ly in all subjects in the morning, after arising and emptying the
bladder, in underwear on a scale accurate to ±0.01 kg (Spider 1,
Mettler Toledo, Greifensee, Switzerland). Total body water
(TBW) was measured by 2H dilution during the normoxia interval,
and at days 2, 17 and 31 of the hypoxia interval in the chamber.
Extracellular water (ECW) was measured by Br dilution during
the normoxia interval and at day 31 of the hypoxia interval in the
chamber. The control subjects for the measurement of energy ex-
penditure and water loss with doubly labelled water were assessed
only on day 31. For the simultaneous measurement of TBW and
ECW, subjects consumed a known amount of NaBr (60 mg Br/l
estimated TBW) mixed with approximately 5 atom% 2H in water
so that baseline 2H levels were increased to about 100 ppm. Ve-
nous blood samples were obtained at 2230 hours, before bromide
intake, and at 0800 hours the next morning, within 1 h before or
after the second urine voiding, for the measurement of TBW. Bro-
mide concentration was determined in serum ultrafiltrate using
high-performance liquid chromatography and ECW calculated
from corrected bromide space as described previously [17]. At
days 1 and 16 the 2H was consumed as doubly labelled water (see
above).

To determine nutrient absorption and nitrogen balance, sub-
jects collected total faeces and 24-h urine samples for 3 days at
normoxia and on days 24–26 of the hypoxia interval in the cham-
ber. Subjects ingested a gelatine capsule containing Brilliant Blue
before the first meal and after the last meal of the 3-day intervals
to mark the beginning and end of the period of faeces collection as
described before [11]. Total faeces and urine production were
weighed and homogenized before sampling and storing at –20 °C.
Energy content of the faeces was measured using an adiabatic
bomb calorimeter (C-400, IKA Kalorimeter, Janke, Germany). Ni-
trogen content of faeces and urine was measured with a type
CHN-O-rapid analyser (Heraeus, Hanau, Germany).

Results are presented as mean±SD unless otherwise stated. Da-
ta on energy balance were related to changes in body mass using
linear regression and Pearson’s correlation coefficients. Intra-indi-
vidual differences between times were analysed by one-way AN-
OVA for repeated measures followed by Scheffé’s post-hoc test.
Data are presented for three intervals of the study, the normoxia
interval (N), days 2–16 (H1), and days 17–30 (H2) during pro-
gressive hypoxia in the hypobaric chamber.

Results

Mean daily energy intake decreased significantly from 
N to H1 (–3.2±2.1 MJ, P<0.01) and from H1 to H2
(–2.1±0.7 MJ, P<0.0001, Table 1). Changes in mean dai-
ly water intake between the corresponding intervals were
–0.1±0.6 l (not significant, n.s.) and –0.5±0.3 l (P<0.05),
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respectively. Diet composition was the same throughout
intervals 1–3, i.e. 17±2% of energy intake (subsequently
termed “energy%”) as protein and a small but insignifi-
cant change in the fat energy% from 36±5 to 37±6 at the
expense of a similar insignificant change in the carbohy-
drate energy% from 47±7 to 46±7.

With respect to expenditure and water balance, the en-
ergy content of the faeces increased from 22.3±0.8 kJ/g
ash-free dry wt at normoxia to 23.7±0.7 kJ/g ash-free dry
wt (P<0.01) on days 24–26. However, energy digestibili-
ty, calculated from gross energy of food intake and total
energy loss in the faeces, was the same in the two inter-
vals, 94.5±2.9% and 94.2±1.3%, respectively. Back-
ground isotope levels in the control subjects for the mea-
surement of total energy expenditure and water loss
showed a linear increase over the 31-day observation in-
terval (Fig. 1). Excess isotope levels in the experimental
subjects for the measurement of total energy expenditure
and water loss were corrected according to the mean
background changes observed in the two control sub-
jects.

Energy expenditure was higher than energy intake in
H1 (3.0±1.2 MJ/day, P<0.01) and in H2 (3.9±1.4 MJ/day,
P<0.001, Table 2). The mean difference between energy
intake and expenditure was 1.0±0.7 MJ/day larger in H2
than in H1 (P<0.05). Total water loss showed a small but
insignificant decrease from H1 to H2. Urinary water loss
was the same in N and H1 and decreased by 0.3±0.3 l/day
in H2 (P<0.05). Faecal water loss, measured at normoxia
and on days 24–26 of the hypoxia interval in the cham-
ber, was not significantly different (0.09±0.04 and
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Table 1 Energy intake and wa-
ter intake Subj. No. energy intake (MJ/d) water intake (l/d)

Na H1 H2 N H1 H2

1 16.0±1.5 10.1±2.5 8.8±2.5 3.4±0.5 3.0±0.5 2.9±0.5
2 13.6±1.5 11.2±2.7 8.8±1.3 2.4±0.3 2.6±0.5 2.1±0.3
3 14.9±1.1 12.6±1.6 10.5±2.4 3.3±1.0 3.3±0.4 2.9±0.7
4 15.3±1.8 12.9±1.9 10.3±3.4 3.0±0.6 3.3±0.5 3.0±0.7
5 10.6±1.7 8.9±1.3 7.7±1.3 3.6±0.8 3.3±0.6 3.0±0.6
7 12.5±1.3 10.7±2.3 7.4±3.5 2.9±0.4 3.0±0.6 2.3±0.8
8 12.5±1.3 10.4±1.9 8.6±2.7 1.8±0.3 2.3±0.4 2.0±0.4
9 13.3±1.8 6.2±2.7 4.5±2.2 4.7±0.7 3.3±0.6 2.3±0.6
Mean±SD 13.6±1.8 10.4±2.1** 8.3±1.9*** 3.1±0.8 3.0±0.4 2.6±0.4*

a N normoxia interval, H1 days
2–16, H2 days 17–30 during
progressive hypoxia in a hypo-
baric chamber; *P<0.05,
**P<0.01 and ***P<0.0001 vs.
normoxia (ANOVA for repeat-
ed measures)

Fig. 1 Levels of 2H (upper panel) and 18O (lower panel) in the
two control subjects (open and solid symbols respectively) plotted
as a function of the time spent in a hypobaric chamber, with the
calculated linear regression lines

Table 2 Energy expenditure,
water loss and urine production Subj. No.a energy expenditure (MJ/d) water loss (l/d) urine production (l/d)

H1 H2 H1 H2 N H1 H2

1 2.5±0.6 1.8±0.5 1.5±0.3
2 1.8±0.4 1.5±0.4 1.2±0.3
3 15.1 14.8 4.4 4.6 2.3±0.6 2.4±0.5 2.3±0.6
4 15.1 13.8 3.9 3.7 1.6±0.4 2.0±0.5 1.7±0.7
5 12.0 10.5 3.7 3.7 2.0±0.5 2.2±0.4 2.0±0.5
7 13.6 11.6 3.6 3.0 2.1±0.3 1.9±0.6 1.5±0.5
8 12.2 11.0 2.6 2.3 1.0±0.3 1.2±0.4 1.0±0.3
9 11.6 10.9 4.0 2.8 2.6±0.6 2.5±0.7 1.5±0.5
Mean±SD 13.3±1.6 12.1±1.8 3.7±0.6 3.3±0.8 2.0±0.5 1.9±0.5 1.6±0.4*

a subjects 1 and 2 were control
subjects; *P<0.05 vs. normoxia
(ANOVA for repeated mea-
sures)



0.07±0.3 l/day, respectively). Evaporative water loss was
the same in N (1.6±0.3 l/day) and H1 (1.6±0.4 l/day). In
H1, evaporative water loss was closely related to total
energy expenditure (Fig. 2, Pearson R=0.99, P<0.0001).
Evaporative water loss adjusted for total energy expendi-
ture was higher in H2 than in H1 (P<0.05, Fig. 2).

Body mass changed throughout the experiment. The
changes from normoxia to day 2, over days 2–17 and
over days 17–31 were –1.4±0.8 (P<0.01), –2.5±1.1
(P<0.001) and –1.2±0.6 kg (P<0.01), respectively (Table
3). The mean change in TBW over the corresponding in-
tervals was –0.6±1.0 (n.s.), –1.7 (P<0.05) and +0.5±1.5 l
(n.s.), respectively. The mean changes in body mass,
TBW and ECW from normoxia to the end of the experi-
ment were –5.2±1.9 kg (P<0.001), –1.7±1.7 l (n.s.), and
–1.7±0.7 l (P<0.01), respectively. The rate of change of
body mass decreased from a mean of –0.17±0.07 kg/day
in interval 2 to –0.09±0.05 kg/day in interval 3 (P<0.01)
while the energy balance changed from –3.0±1.2 MJ/day
to –3.9±1.4 MJ/day (P<0.05). Comparing digestible ni-
trogen intake with nitrogen output in urine, there was no
difference at normoxia (0.2±1.8 g/day), indicating that

the subjects were in protein balance. For days 24–26 of
the hypoxia interval, urinary nitrogen loss was signifi-
cantly higher than intake (4.1±2.3 g/day, P<0.01), indi-
cating a mean body protein loss of 26 g/day.

Discussion

Hypoxia induced a negative energy balance, mainly by a
reduction of energy intake. The decrease in energy intake
from N to H2 was 5.3 MJ/day and the decrease in energy
expenditure between the corresponding intervals, assum-
ing that energy expenditure at normoxia was equivalent
to energy intake, was only 1.5 MJ/day. The negative en-
ergy balance of 3.0±1.2 MJ/day at 5000–7000 m is com-
parable to the figure of 2.6–3.5 MJ/day measured during
a sojourn on the summit of Mt. Sajama, Bolivia (6,542 m)
[20]. The negative energy balance of 3.9±1.4 MJ/day at
7000–8848 m is lower than the figure of 5.7±1.9 MJ/day
measured in subjects climbing Mt. Everest [19]. Where-
as the subjects on Mt. Sajama spent most of the time
reading and underwent some exercise tests, i.e. had a
comparable level of physical activity to the subjects in
the hypobaric chamber, those on Mt. Everest spent on
average 3.5 h/day climbing, explaining the more nega-
tive energy balance compared with the more sedentary
subjects at similar altitude in the hypobaric chamber. In-
deed, the energy expenditure of the male subjects on Mt.
Sajama and in the hypobaric chamber at 5,000–7,000 m
was very similar: 13.2±1.5 and 13.3±1.6 MJ/day, respec-
tively. Energy expenditure in the men climbing Mt. Ev-
erest and in the hypobaric chamber at 7.000–8,000 m
was 14.7±1.1 and 12.1±1.8 MJ/day, respectively, clearly
showing the effect of the additional climbing activity on
energy expenditure. Energy intake on Mt. Everest and in
the hypobaric chamber at 7,000–8,000 m was very simi-
lar, 7.9±1.6 and 8.3±1.9 MJ/day respectively.

Water loss, more specifically evaporative water loss,
was not influenced by the ambient pressure reduction.
An increase in insensible water loss was largely compen-
sated by a reduction in metabolic rate. Total water loss
and urine production in the hypobaric chamber at
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Fig. 2 Evaporative water loss as a function of energy expenditure
at 5000–7000 m (open symbols) and at 7000–8848 m (solid sym-
bols) with the calculated linear regression line at 5000–7000 m:
y=0.173·x–0.632 (R2=0.975), where y is the evaporative water loss
in litre/day and x the energy expenditure in megajoule/day

Table 3 Body mass, total body water and extracellular water

Subj. No.a body mass (kg) total body water (l) extracellular water (l)

–10b 2 17 31 0 1 17 31 0 31

1 66.5 65.6 63.9 62.3 41.3 17.6
2 77.2 74.8 72.0 71.2 43.7 16.8
3 80.2 77.8 76.6 75.1 51.6 50.0 50.9 49.6 20.4 18.3
4 82.7 81.6 78.8 78.0 52.2 52.2 49.7 50.7 21.0 18.7
5 72.2 71.5 68.3 67.1 45.5 44.0 42.2 41.3 17.5 15.9
7 70.3 69.5 67.1 66.1 46.3 47.0 44.6 45.2 18.0 17.4
8 65.4 64.6 62.9 62.5 41.7 41.0 39.3 42.1 16.2 14.4
9 80.3 78.0 73.4 70.9 44.3 41.9 42.5 15.8
Mean±SD 74.3±6.6 72.9±6.2** 70.4±5.8*** 69.2±5.7*** 47.5±4.4 46.4±4.2 44.8±4.6* 44.6±3.7 18.6±2.0 16.9±1.4**

aSubjects 1 and 2 were control subjects, subject 9 a replacement subject, bdays of progressive hypoxia in a hypobaric chamber; *P<0.05,
**P<0.01 and ***P<0.0001 vs. normoxia (ANOVA for repeated measures)



7,000–8,000 m showed a similar tendency for a decrease
of 0.4 l/d and 0.3 l/d, respectively. The evaporative water
loss of 1.6±0.3 (H1) and 1.6±0.4 l/day (H2), measured
in the present study, was slightly higher than the 1.3±
0.5 l/day measured during a stay under comparable sed-
entary conditions at 4,300 m [21]. Thus, low ambient
pressure under otherwise well-controlled environmental
conditions has only a minor effect on evaporative water
loss, especially when metabolic rate is reduced, because
of a lower level of physical activity. The increase in
evaporative water loss adjusted for energy expenditure
was probably a consequence of an increase in pulmonary
water loss and not of an increase in cutaneous evapora-
tive water loss. The exercise level of the subjects did not
increase as also reflected in the figures of the mean ener-
gy expenditure of 13.3±1.6 MJ/d over H1 and 12.1±
1.8 MJ/d over H2. Subjects must have had higher pulmo-
nary ventilation at a given level of energy expenditure
due to the lower oxygen availability.

Hypoxia-induced body mass loss was initially higher
than later on during the experiment while the energy def-
icit increased. In H1, subjects showed a decrease in
TBW, explaining the high weight loss in the correspond-
ing interval. The average total weight loss over the 31-
day stay in the hypobaric chamber was 3.6 kg compared
with a total energy deficit of 100.5 MJ, i.e. the energy
equivalent of 1 kg weight loss was 28 MJ. The energy
equivalent is close to the 30 MJ/kg observed in weight-
loss studies in which the composition of weight loss is
on average 75% fat mass with an energy equivalent of
38 MJ/kg and 25% fat-free mass, being 73% water and
27% protein, with an energy equivalent of 4 MJ/kg [18].
The loss of fat-free mass, i.e. body protein, was con-
firmed by the negative protein balance of 26 g/day at the
end of the experiment.

The increase of the background isotope levels was un-
expected. The 2H enrichment at the start of the 31-day
confinement in the hypobaric chamber was similar to the
average initial value in the normoxia period (148.7±
0.5 ppm) and within the range of 147–150 ppm observed
in subjects consuming lowland drinking water [22]. The
mineral water subjects consumed in the hypobaric cham-
ber had an enrichment of 146.9±0.4 ppm for 2H and
1988.4±1.4 ppm for 18O, close to or lower, but certainly
not higher, than the initial background isotope levels in
the subjects. The only explanation for the increase in
background levels of the two isotopes is re-entry of label
in the confined environment of the chamber. The result-
ing correction of the energy expenditure figures was
–2.4±0.7% over interval 1 (days 1–16) and –4.7±1.4%
over interval 2 (days 17–30).

The observed food digestibility of 94% was similar to
values measured at sea level (94%; [2, 24]) or at 5,050 m
(96%; [10]). However, the small but significant increase
in energy content of the faeces is an indication for mal-
absorption as observed earlier at 6,542 m [20]. The mag-
nitude of the change in energy density of the faeces,
combined with the technical problem of quantitatively
sampling total faeces over the 3-day observation interval

as indicated with brilliant blue, resulted in no overall dif-
ference in food digestibility between normoxia and the
end of the experiment at 8,000–8,848 m. It must also be
remembered that energy intake fell by as much as 40%,
thus reducing the demand on the intestinal absorptive ca-
pacity.

Body composition changes could not be accurately
assessed with established methods like isotope dilution.
Changes in TBW do not reflect changes in fat-free mass,
the basic assumption for many methods for the assess-
ment of body composition including isotope dilution.
Based on a fat-free mass hydration of 73%, the change in
fat-free mass was –2.3±1.8 kg in H1 and +0.8±2.0 kg in
H2. The change in fat mass over the corresponding inter-
vals was –0.4±1.4 kg and –1.9±1.8 kg, respectively. Cal-
culated changes in body composition based on the mea-
sured energy deficit and a composition of weight loss of
an average 75% fat mass, as shown above, were for fat-
free mass –0.6±0.2 and –0.7±0.2 kg and for fat mass
–1.1±0.5 and –1.4±0.5 kg. The body protein loss of
26 g/day, calculated from urinary nitrogen loss at the end
of the experiment at 8,000–8,848 m, confirmed the loss
of fat-free mass not reflected in the change of TBW.

Finally, comparing the results of Operation Everest II
[13] with the current Operation Everest III, subjects lost
7.4±2.2 and 5.2±1.9 kg, respectively. Measured energy
intake over the hypoxia interval was 11.0±1.2 and
9.4±2.0 MJ/d, respectively. Energy expenditure was, re-
spectively, 12.8±3.1 MJ/d (estimated) and 12.7±1.6 MJ/d
(measured). All subjects in Operation Everest II, “lost
more weight than would have been expected from com-
parisons of caloric intake to energy expenditure”. In-
deed, the expected weight loss based on the balance of
estimated energy requirement and measured energy in-
take, 1.7±4.3 kg, was much lower than the observed val-
ue. One must conclude that the energy requirement was
underestimated. However, the measured energy expendi-
ture in Operation Everest III was very similar to the esti-
mated energy expenditure in Operation Everest II. On
the other hand, the measured energy intake in Operation
Everest II was higher than in Operation Everest III.

Despite the conditions of the current experiment, nor-
mal ambient temperature, highly palatable food and
mainly sedentary activities, subjects did not maintain en-
ergy balance at the simulated high altitude. Initially, at
5,000–6,000 m, they switched to a nibbling eating pat-
tern [23]. Meal size was reduced through a more rapid
increase in satiety. An increase in meal frequency partly
compensated for the resulting decrease in energy intake.
At 7,000 m, the occurrence of AMS symptoms prevented
the food intake necessary to meet energy balance re-
quirements. It is concluded that a depressed appetite,
combined with a loss of interest in food through moun-
tain sickness, are the main obstacles for maintenance of
energy balance at high altitude.

In conclusion, hypoxia induced a negative energy bal-
ance, mainly by a reduction of energy intake. The in-
crease in insensible water loss by pressure reduction was
compensated by a reduction in metabolic rate. Body
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mass loss was initially higher through a relatively large
loss of body water.
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