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Hypoxia, nitrogen balance and body weight

A.M.W.J. Schols*, K.R. Westerterp”

Recent clinical studies have shown that acute
exacerbations of chronic obstructive pulmonary dis-
ease (COPD) are characterised by disturbances in the
balance between dietary intake and energy expendi-
ture [1, 2] as well as by a negative nitrogen balance [3].
Since weight loss prior to and during hospitalisation
for an acute exacerbation has been related to poor
outcome in terms of mortality and readmission rate
[4, 5], it is important to prevent or treat this
complication. It is yet unclear to what extent factors
contributing to weight loss, during acute disease
exacerbations, are similar to stable disease. Elevated
energy requirement of physical activity has been
implicated during stable disease [6] but is unlikely to
be an important factor during acute disease, when the
activity level is probably very low. Hypoxia is other-
wise implicated as a potential trigger of reduced
dietary intake and metabolic alterations during acute
exacerbations, while in stable disease, there is no
strong relationship between resting arterial oxygen
tension and nutritional status.

Hypobaric hypoxia, as applied in high-altitude
studies, clearly induces weight loss and is an interest-
ing human model to investigate the influence of acute
hypoxia. There is evidence that the altitude limit for
the maintenance of body weight in humans is ~5,000 m
[7]. Acute transfer from sea level to altitude usually
results in weight loss, but the rate of weight loss
diminishes when the food supply is adequate. Reduced
dietary intake is initially the result of a reduced meal
size because of a rapid increase in satiety during the
meal [8]. Part of the effect of reduced meal size on
daily dietary intake can be compensated for by an
increase in meal frequency. At altitudes of >7,000 m,
acute mountain symptoms result in suppression of
hunger and the desire to eat [8], possibly related to a
reduction in appetite through leptin, a key mediator in
the neuroendocrine regulation of food intake [9]. The
effect of hypobaric hypoxia on resting metabolic rate
is unclear. High-altitude studies are limited by the fact
that subjects are often highly trained and have a phy-
sical activity related energy expenditure that is com-
parable to that of endurance athletes. A more specific
study on nitrogen balance during a prolonged stay at
5,000 m showed no impairment of protein digestibility
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[10]. However, glycine metabolism, as measured
with glycine (lgN), changed as a function of altitude
exposure. Urinary excretion of '*N from intravenous
glycine administration, as a fraction of urinary nitro-
gen, increased from 20.6% after 4 days to 38.0% after
13 days at altitude (p<0.05). It was hypothesised that
the increased 'N excretion was due to increased
oxidation of glycine as a function of altitude expo-
sure. Others have also observed an altitude-induced
increase in capillary leakage resulting in a renal loss of
amino acids [11].

Experimental models subjecting animals to a
hypoxic environment, i.e. that of TiokaA et al [12] in
the current issue of this journal, are comparable to an
altitude of 5,000 m with regards to the hypoxia
created. To avoid effects of hypoxia-induced hypo-
phagia, the rats studied were given total parenteral
nutrition (TPN). Nevertheless, exposure to hypoxia
caused a negative nitrogen balance, which was mainly
due to increased urinary nitrogen excretion. A reduc-
tion in oxygen availability, especially in the acute
situation, probably results in a reduction of physical
activity. Reduction of physical activity diminishes the
need for proteins and/or results in short-term muscle
atrophy. The observed reduction in the net-nitrogen
retention in the rats during acute hypoxia, as reflected
by the increased levels of urinary nitrogen loss, could
be an effect of "detraining". In a previous issue of this
journal, PisonN et al. [13] described the effect of hypo-
xia on intermediary metabolism. They used a compar-
able rat model that was standardised for marked
hypophagia, by investigating the effects of acute
starvation. They reported that, in contrast to hyper-
catabolic states, hypoxia did not affect amino-acid
adaptation to starvation. However, they also observed
insulin resistance and reduced lipolysis. These meta-
bolic adaptations point towards the potential adverse
effects of metabolic overload by hyperalimentation
under such hypoxic circumstances.

The study of Tioka et al. [12] shows that rh insulin-
like growth factor (rhIGF-1) can prevent the acute
net catabolic effect of hypoxia, as reflected in a
negative nitrogen balance, but that compared to nor-
moxic conditions, weight gain is less pronounced.
A combined therapeutic approach of both nutri-
tional support and IGF was needed to induce a net
anabolic effect. The authors suggest that further
studies are warranted to determine whether an inter-
vention consisting of TPN and rhIGF-1 can be
applied to the setting of acute exacerbation with
hypoxaemia for chronic respiratory disease. Although
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this is a tempting option, it is very difficult to translate
"straight forward" experimental models to complex
and heterogeneous conditions like acute exacerba-
tions. Conversely, the charm of the model in terms of
timing and type of nutritional support limits extra-
polation. Clinical management of acute hypoxic
exacerbations will primarily be directed to reverse
hypoxia. VERMEEREN et al [1] reported that after
normalisation of arterial blood gases, dietary intake
generally improves spontaneously. It is as yet unclear
whether a positive energy balance can be reached in
patients that remain hypoxic by oral nutritional
support per se. TPN is not a common modality in
respiratory disease. The gastrointestinal tract is
generally intact and enteral nutrition outweighs both
costs and risks of TPN. However, besides the obser-
ved effects under hypoxic condition, there are other
arguments for considering rhIGF-1 treatment during
acute exacerbations. Medical treatment of acute exacer-
bations commonly includes high-dose systemic gluco-
corticoids. SAUDNY-UNTERBERGER et al [3] showed
that the severity of a negative nitrogen balance during
acute exacerbations of COPD is associated with
systemic glucocorticoids in a dose-dependent fashion.
Acute treatment with high-dose glucorticosteroids
decreases IGF-1 and IGF-2 expression in the rat dia-
phragm and gastrocnemius [14]. In vitro and experi-
mental studies have shown that IGF treatment can
reverse detrimental effects of corticosteroid-induced
muscle wasting [15, 16].

Further clinical studies are warranted to investi-
gate whether insulin-like growth factor-1 may also be
of value for offsetting adverse effects of glucocorti-
coids in the short-term, as observed during acute
exacerbations.
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