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The dynamics of metabolism within
each particular species is influenced
by several specific factors [2], such as
body surface, stature, posture and the
environment. These specific factors
are not the same in the erect man as
in quadrupeds or birds [1]. Differences
of this kind make it difficult to com-
pare the energy metabolism of differ-
ent species.

The energy metabolism of living
organisms is influenced by environ-
mental temperature. Organisms with
developed regulatory mechanism, ex-
posed to unusually low or high tem-
peratures, are capable of adjusting
Otheir energy metabolism within cer-
tain limits. There exists a zone of
temperature in which the metabolism
of the resting organism remains at a
relatively low level. This is the basal
metabolism, and the zone of temper-
ature is called neutral, indifferent or
comfort zone [7]. The thermoneutral
zone of all homothermie organisms is
between 27° and 31°C [3, 52]. Chan-
ges of environmental temperature
within these limits do not entail
fluctuations in the intensity of meta-
bolism demonstrable by the usual
methods. The resting organism has

no sensation of either heat or cold in
the neutral zone which is around
29°C for the unclothed adult [3, 10,
45, 56] and — according to recent
investigations — between 32° and
34°C for newborn, and between 34°
and 36°C for premature, babies [4,
5, 6, 43, 44].

The present investigations had the
purpose to ascertain the thermoneu-
tral zone in respect to atrophic infants
[18, 19, 27, 53]. The first step was to
determine how the metabolism of
underdeveloped infants, accustomed
to a permanently higher temperature,
would react to being transferred to an
environment of 20° to 22°C, a milieu
which represents the thermoneutral
zone for adequately clothed eutro-
phic infants. It was further intended
to observe how atrophic babies pro-
tect themselves from being cooled
down at that — for them unusual —
low temperature, one which under
physiological conditions ought to in-
crease metabolism. Another series of
investigations had the object to study
the acute effect of high environmen-
tal temperature on the thermogenesis
of atrophic infants, to provide addi-
tional support to the earlier observa-
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tion that, in contrast to eutrophic
babies, marasmic infants kept in an
adequately humid milieu of 28° to
30°C, increase their metabolism in-
stead of reducing it [16, 26, 28]. This
observation, together with the results
of investigations concerning heat pro-
duction in a permanently overheated
environment, might be interesting
from the angle of energy metabolism
and thermoregulation.

Material and Method

The material of the study consisted of
eutrophic, hypotrophie, moderately atro-
phic and gravely marasmic infants. Oxygen
consumption, rectal temperature, the
effect of low and high environmental tem -
perature on oxygen consumption were
observed; the study extended further to
energy metabolism related to both actual
and ideal weight. The energy metabolism
of differently built marasmic infants was,
moreover, compared with that of normal
babies. Metabolic investigations were per-
formed in air-conditioned boxes by means
of a Noyons type diapherometer. Methods
and technical details have been described
earlier [15, 16, 28].

Part of the presented diagrams has
been published earlier but a thorough
analysis of the thermoneutral zone and a
detailed discussion of pathologic thermo-
regulation have made its repeated presen-
tation necessary.

Results

Rig. 1 shows data regarding heat
production of 75 hypotrophie and
atrophic infants according to age
groups. The solid line indicates heat
production in eutrophic, the circles
that in atrophic infants. It is clear

that the latter produce less heat than
normal babies.

The shaded part of Fig. 2/a repre-
sents heat production in cal/kg of
normal infants, the circles that of
atrophic babies with weight-deficien-
cies between 20 and 40 per cent. Mean
heat produced by such infants at
room temperature was 57 cal.

Fig. 2/b shows mean heat produc-
tion by the infants represented in
Fig. 2/a, with reference to the normal
body weight of eutrophic infants of
the same length (called “eutrophic
weight” in the following); it amounted
to 42.3 cal/kg. A comparison of Figs
2/a and 2/b makes it clear that the
latter presents a truer picture of reali-
ty than the former.

Data in Fig. 3/a are referred to the
own body weight of the atrophic in-
fants, while Fig. 3/b shows the same
data with reference to eutrophic
weight. The diagrams present heat
production of 13 hypotrophie and 7
atrophic infants who had been accus-
tomed to an adequately humid milieu
of 29° to 30°C. It also shows heat
production of the same babies after
60 and 150 minute exposures to tem-
peratures between 16° and 22°C.

Data obtained at high and low tem -
peratures are connected by solid lines
in Figs 3/a and 3/b. When kept in a
milieu of 29° to 30°C, no infant in
any group had other clothing than a
diaper. Diagram | of these figures
shows data of infants with a weight
deficiency of 13 to 20 per cent who
were wrapped in swaddling clothes
at a temperature of 17°C; the corre-
sponding parameters for Diagram Il
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Fig. 1. Daily heat production of variously built infants according to age

Cal/2khr/kg

Fig. 2a. Heat production by infants with Fig. 2b. Heat production by atrophic
20 to 40 per cent weight deficiency infants represented in Fig. 2a, computed
for heat production by eutrophic infants

of the same length
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Fig.3a. Heat production in cal/kg by differently clothed hypotrophie (I, Il1) and atrophic

(111, 1V) infants, adapted to adequately humid environment of 29° to 30°C,

after a stay

of 60 min. (1—1M) and 150 min. (IV) in climatic units of 17° and 22°C or 16° and 19°C

are: 14 to 19 per cent weight deficien-
cy, 22°C, clothed with a shirt and
covered with a thin blanket; diagram
I11: 26 to 30 per cent weight defi-
ciency, 16°C, swaddling clothes; dia-
gram 1V: 22 to 30 per cent weight
deficiency, 19°C, shirt and diaper.
Diagrams | and Il represent babies
who, by having been kept in a hot
milieu and carefully nursed for 6 to
8 weeks, were gaining weight and had
developed from atrophic to hypotro-
phie infants, whereas the severely
atrophied babies represented in dia-

grams Il and IV were still at the
beginning of the upward path. The
average value of heat production in
adequately clothed infants of groups
I and Il underwent no statistically
significant change after 60 min. in a
milieu of usual or a somewhat lower
temperature. The average fall of body
temperature during the 60 min. a-
mounted to 0.5°C. Clad in warm protec-
tive clothing, the babies of Groups N1
and 'Y lost 0.4°C body temperature
during control tests that lasted one to
two hours; the loss was 2.2°C if the
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Fig. 3b. Heat production by the infants represented in Fig. 3a, computed for the weight
of eutrophic infants of corresponding length

infants had no protective clothing
although the temperature was rela-
tively higher. The fall of body tem-
perature was accompanied by a dimin-
ished heat production in both groups.

Fig. 4/a presents heat production
of 22 atrophic and 14 hypotrophie in-
fants kept in a milieu of 21 to 22°C,
and also after a 24 hour stay in a com-
fortably humid milieu of 28 to 30°C.
Values in Fig. 4/a are referred to ac-
tual, in Fig. 4/b to eutrophic body
weight. Solid lines indicate the ten-
dency and intensity of energy me-
tabolism. Atrophic infants wore the

usual clinical garments in the boxes
ofusual temperature, but had nothing
on except a diaper inthe high temper-
ature climatic units. Group | consist-
ed of babies with weight deficiencies
between 26 and 40 per cent, Group 11l
of babies with deficiencies of 20 to
25 per cent. A 24-hour stay in humid
hot climate raised the energy metab-
olism by 13.1 per cent in the first,
and by 12.0 per cent in the second
group. The difference was significant
statistically at a 0.1 per cent level of
confidence. The change of climate
did not affect average heat produc-
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Fm. 4a. Heat production in cal/kg by atrophic (I, Il), hypotrophie (lll1) infants, and

infants with lessthan 5percentweight deficiency (IV), after 24 hrs stay in an environment

of 28° to 30°C following prolonged stay in adequately humid atmosphere of 21° to 22° C.

The infants had the usual clinical clothing at room temperature and were unclothed in
the warm unit

tion in Group Il composed of babies
with weight deficiencies of 9 to 19 per
cent (p > 10 per cent). Members of
Group 1V, composed of infants with
weight deficiencies below 10 per cent,
reacted to heat in the opposite sense;
their energy metabolism, instead of
increasing, showed an average de-
crease of 7.0 per cent.

Fig. 5/a presents heat production
per kg body weight of 9 hypotrophie

and moderately atrophic infants with
weight deficiencies between 12 and
24 per cent (white column) and that
of 11 gravely atrophic infants with de-
ficiencies between 30 and 40 per cent
(black column). Fig. 5/b shows the
same data with reference to the ideal
weight of an eutrophic infant corre-
sponding to the body length of an
atrophic infant. The first pair of col-
umns shows the effect on heat pro-
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duction of a milieu of 20° to 22°C; the
second pair indicates the immediate
effect of an adequately humid climate
of 28° to 30°C; the third pair of col-
umns shows the effect of the same

21-22 28-30

phied babies. It is nevertheless clear
that heat production increased in both
atrophic categories.

Fig. 6/a presents heat production
per kg of actual body weight in dif-

21-22 28-30°C

Fig. 4b. Heat production by infante represented in Fig. 4a, computed for weight of
eutrophic infants of corresponding length

climate after 24, the fourth after 48,
hours. Average heat production of
infants with more than 30 per cent
weight deficiency began at a deep
point and increased by 25 per cent in
48 hours; despite this considerable
rise, their heat production remained
inferior to that of the averagely atro-

ferently atrophied 20 babies (with
weight deficiencies between 20 and
40 per cent, average 27.4 per cent)
who had been kept for several months
in an adequately humid atmosphere
of 28° to 30°C. The shaded part of
the diagram indicates the normal
zone, the circles and dots show values
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Fig. 5a. White columns indicate values for infants with weight deficiencies between 12
and 24 per cent; black columns show values for infants with weight deficiencies between
30 to 40 per cent. Columns No. | indicate heat production at 20° to 22°C; columns No. Il
indicate heat production immediately after transfer to an adequately humid atmosphere

of 28° to 30°C;
48 hrs,

columns No. Il show heat production after 24, columns No IV. after
in the warm milieu

Fig. 5b. Heat production by the infants represented in Fig. 5a, as computed for body
weight of eutrophic infants of corresponding length

for the same individuals in the hot
climatic unit at the times indicated on
the abscissa. Mean heat production by
the marasmic infants was 57 cal/kg at
the outset, 60 cal/kg after 18, and
63 cal/kg after 35 days.

Fig. 6/b presents the data ofFig. 6/a
with reference to the ideal weight cor-
responding to the length of the atro-
phic infant. It can be seen that heat
production at the maximum of atro-
phy was much below the average for

Acta Paediatrica Academiae Scientiarum Eungaricae 7, 1966



L. Kulin, A. Kiss-Szab6 : Thermoneutral Environment 113
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Fig. 6a. Heat production by infants with weight deficiencies between 20 and 40 per
cent at various times (as plotted on the abscissa) during several months’stay in climatic
units of 28° to 30°C

60 1

Fig. 6b. Values represented in Fig. 6a, as computed for kg body weight of eutrophic
infants of corresponding length
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eutrophic babies, and that — with
advancing growth — the heat produc-
tion of atrophic infants came gradual-
ly nearer to that of normal babies. The
curve indicating the mathematical
analysis of the values is in the lower
part of the Figure. It is noteworthy
that average heat production, as ob-
served in the acute experiments and
represented in Figs 4/b and 5/b, con-
tinued during the 5 weeks of the chro-
nic experiments represented in Fig.
6/b, and — with advancing growth —
had stabilized at a moderately high
plateau considerably above the initial
value. The value of heat produced by
the atrophic infants rose, with refer-
ence to eutrophic weight, from the ini-
tial 42.3 cal to 45.7 on the 18th and
to 48.2 on the 35th day of their stay
in the climatic ward. The value on the
35th day approximated the physiolog-
ical heat production of normal in-
fants. The body weight of the atro-
phic babies rose from the initial aver-
age of 3765 g to 4003 and then to
4430 g on the 18th and 35th day,
respectively.

Loss of weight during prolonged
stay in a humid milieu of 28° to 30°C
is presented in Fig. 7. The circles and
dots indicate the times of measure-
ments. Weight-loss at the points of
time indicated on the abscissa in
Figs 6/a and 6/b amounted to 27.4,
25.3, 23.0, 22.1, 20.9 per cent. The
uniform downward gradient of the
weight-loss curve means a correspond-
ingly uniform progress of growth. It
is evident from a comparison of Figs
6 and 7that increase in the heat pro-
duction of atrophic infants consider-

L. Kulin, A. Kiss-Szab6: Thermoneutral Environment

ably surpassed the rate of growth in
the first phase of their prolonged stay
in a warm milieu.

Discussion

Views regarding the pathologic thermo-
regulation in infantile atrophy

The effect of a warm environment
on basal metabolism is a subject that
has been neglected even in respect of
adult individuals [28, 52]. Except the
present authors [15, 16] nobody seems
to have studied the thermogenic effect
on marasmic infants ofa 24 to 48 hour
or prolonged stay in a warm environ-
ment. It is only natural that, because
of the novelty of the results, they
have repeatedly met with scepticism
and even downright refusal.

It was in 1952 that one of the pres-
ent authors (L. K.) expounded the
theory that, in cases ofintact atrophy,
the principal cause of growth failure
was the pathological thermoregula-
tion of atrophic infants [18, 19]. It
took a whole decade of experiments to
establish the fact that infantile atro-
phy is associated with pathologic ther-
moregulation, and to ascertain the
thermoneutral zone of marasmic in-
fants.

In 1955, at a conference on the prob-
lem of infantile marasmus, Kerpkl-
Froistius questioned the correctness of
our theory which he seems to have
misunderstood [13]. He wrote on
another occasion (in 1960) that it was
exaggerated on our part to regard the
question of thermoregulation as the
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only problem of marasmus. He em-
phasized that the problem of thermo-
regulation was just one of the many
complex aspects, admitting, however,

that pathologic thermoregulation
percent
W o -

that it should be exactly the atrophic
infant to behave in this manner [25].
Apart from the evidence of our experi-
ments, this assumption is disproved
by the fact that atrophic infants kept

Fig. 7. Loss of weight of the marasmic infants represented in Figs 6a and 6b

may, in itself, restrict the possibility
of repair. Véghelyi at the same time
raised the question whether it was
possible to determine the temperature
to be considered neutral for marasmic
infants and asked whether it was cred-
ible that conditioning for a single
day should have so radically raised
the metabolism of marasmic infants;
he said that one is rather inclined to
think the temperature of the condi-
tioned milieu was above the indiffer-
ent zone and that the sudden rise of
oxygen consumption was due to exces-
sive heat; it being difficult to believe

in a hot humid atmosphere do not
display the usual signs of warming
up such as restlessness, perspiration,
hyperpnoea, flushing. Besides, quite a
number of investigations have shown
that in such milieu biological parame-
ters tend to rise towards normal val-
ues [27].

The conclusion, based on acute ex-
periments of a few hours’ duration,
that the thermoneutral zone of atro-
phic infants clad in the usual clinical
garments lies between 22° and 28°C
[54] isuntenable, first, because a neu-
tral temperature zone of such a wide
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range isunknown in human physiology
and especially out of question with
reference to infantile atrophy and,
second, because — as seen from our
diagrams — the calorie production by
atrophic infants clad in clinical gar-
ments in a milieu of 22°C is subnor-
mal and does not come even near to
the amount of heat produced by them
without clothing in a hot milieu.

Evaluation of the results

Total calorie production in the cases
shown in Fig. 1 was invariably less
than the heat produced by eutrophic
infants of the corresponding ages. The
growth index of babies in this group
varied between 20 and 36, and their
average body weight was 46 per cent
less than that of the corresponding
eutrophic infants. It has been general-
ly recognized that total energy metab-
olism in the marasmic infant is in-
ferior to that of normal babies of the
same age [28], a natural phenomenon
considering that marasmic infants
have mostly half the body weight of
their eutrophic counterparts.

The apparent contradiction be-
tween Figs 2/a and 2/b is due to a dif-
ference in the method of computation.
Heat production, referred to the
weight of atrophic infants (Fig. 2/a),
extends beyond the normal zone,
while heat production referred to that
weight which would normally corre-
spond to the given body length (Fig.
2/b), remains below normal. It was
shown earlier [28] that the second
method is preferable, and this the

more so as only values obtained in this
manner allow reliable comparisons
between marasmic and eutrophic in-
fants [51].

Body composition of atrophic in-
fants differs from that of normal ba-
bies. Organs with high oxygen con-
sumption (brain, kidney) are hardly
affected by atrophy, while adipose
tissues — organs of low energy con-
sumption — practically disappear;
muscle mass, the basis of chemical
thermoregulation, is reduced; the vol-
ume of intracellular water is inferior,
that of extracellular water superior,
to the degree of atrophy. Anomalous
phenomena of this kind have different
degrees in the different atrophic sub-
jects. Apart from the intensity of
weight loss, the duration of the pro-
cess of atrophy constitutes an impor-
tant factor in this respect. Notwith-
standing such discrepancies we had to
adopt the method of referring heat
production to the weight of eutrophic
infants corresponding to the length
of the given marasmic ones [30]. We
have recognized in the course of serial
investigations that the life functions
of atrophic infants remain subnormal
at the temperature customary in hos-
pitals [27]. Complex investigations
have definitely shown that in atrophic
infants thermogenesis is essentially
low [28, 29], a phenomenon evident
from Fig. 2/b. Since it is clear that
data regarding heat production and
energy metabolism in atrophic infants
express real conditions more truly if
referred to the ideal weight corre-
sponding to the height of the atrophic
infant, we have based our following
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Fig. 8a. Average heat production computed from data in Figs. 3a and 3b, by unclothed

atrophic babies in a permanently warm milieu of 29° to 30°C (white columns), and in

climatic units of 16° to 22°C (black columns), with and without light clinical clothing,
after a stay of 60 and 150 minutes

Fig. 8b. Data represented in Fig. 8a, as computed for kg body weight of eutrophic infants
of corresponding length
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analyses on data yielded by this
method of computation.

Average experimental values

I't is attempted in the following dia-
grams to approach the problem of
thermoregulation in infantile atrophy
by the analysis of mean values.

Figs 8/a and 8/b present the aver-
age values of Figs 3/a and 3/b. White
columns indicate calorie production
by atrophic infants in permanently
warm climate, black and shaded co-
lumns show heat production during
60 minutes by differently atrophied
and differently clothed babies at tem-
peratures varying between 16 and
22°C. Values for Groups | and Il prove
that unclothed hypotrophie infants
with weight deficiencies not exceed-
ing 20 per cent, accustomed to high
temperature, if kept for 60 min. at
17°C and provided with warm or
lighter protective clothing, maintain-
ed the balance of energy metabolism
while their body temperature de-
creased by 0.5°C. Group 111 was com-
posed of babies with weight deficien-
cies exceeding26 per cent; keptat 16°C
for 60 min. and provided with warm
protective clothing, both their heat
production and body temperature
showed a marked diminution. Mem-
bers of Group IV were kept for 2 1/2
hours at 19°C without protective
clothing; the average drop of body
temperature was 2.2°C, while heat pro-
duction decreased by 19.8 per cent. It
is evident that atrophic infants, if
kept at normal room temperature or
lower temperatures, do not even try

L. Kulin, A. Kiss-Szab6: Thermoneutral Environment

to increase heat production in order
to maintain their body temperature,
no matter how they are clothed.

Figs 9/a and 9/b present mean val-
ues for basal metabolism in 80 hypo-
trophic and atrophic infants at room
temperature and in a warm milieu.
The diagrams indicate heat produc-
tion of marasmic infants (I) at room
temperature; (1) measured immedi-
ately after transfer to an environment
of 28°Cto 30°; (I11) measured after a
stay of 24, and (IV) 48 hrs in the warm
climate. If heat production is com-
pared with weight-loss in Fig. 9/b, it is
evident that — at room temperature
(column 1), in a certain phase of
weight loss (Group I11) —heat produc-
tion lagged behind the corresponding
eutrophic value, and that — with the
progress of weight loss (Groups 11—
VII) — heat production continued to
decrease. Heatproduction atroom tem-
perature in Groups VI and VII, i.e. in
infants with the gravest marasmus,
was considerably below normal. The
growth index of Group | varied be-
tween 46 and 103. As regards heat pro-
duction, members of this group (with
an average weight deficiency of 5 per
cent) behaved like normal babies.
After a 24-hour stay in warm climate
(column 111), they reduced their ener-
gy metabolismto the lowestphysiolog-
ical limit. Heat production in Group
Il (average weight deficiency, 15 per
cent) in the warm climate was not
significantly different from the nor-
mal values measured at room temper-
ature. Members of Groups 11—V 11—
under the acute (IT), 24-hour (I11) and
48-hour (IV) effect of warm milieu —
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Fig.9a. Combined effectof the degree of weightloss, environment of 20° to 22°C, and adequately humid milieu of 28° to31°C, on heat

production in marasmic infants. Columns No. | indicate values at room temperature, columns No. Il those registered immediately

after transfer to the warm milieu; columns No. 1M show values after a stay of 24, columns No. IV after one of 48 hours, in the condi-

tioned units. Columns of Group VIl indicate average heat production by babies in the 5th and 8th week of conditioning; these infants
had an average weight deficiency of 27.4 per cent before transfer to the climatic unit
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raised their heat production practi-
cally in parallel with the progress of
weight loss. Columns in respect of
Group V111l show average heat produc-
tion per kg in the 5th and 8th week of
stay in warm milieu by babies whose
weight deficiency amounted to 27.4
per cent prior to air conditioning. It
can be seen that prolonged stay in a
climate which for them was thermo-
neutral raised heat production of at-
rophic infants to approximately the
lowest eutrophic level.

Optimum duration of the experiment

It has been found that the duration
of acute experiments should not be
restricted to one or two hours. As can
be seen from Fig. 4/b (24-hour meas-
urements), the percentual rise of heat
production was almost identical in
Group | (grave marasmus) and Group
Il (average atrophy): the difference
was significant at a 0.1 per cent level
of confidence. Energy metabolism
showed increases of 13.0 and 10.5 per
cent, respectively. Again, it is clear
from Fig. 5/b that gravely atrophied
babies, after a 48-hour stay in the
warm milieu, raised their heat produc-
tion by not less than 25 per cent. Pro-
longed acute experiments made it
clear that even infants with weight
deficiencies exceeding 30 per cent
stepped up heat production dramati-
cally, a phenomenon borne out by a
comparison of Groups VI and VII in
Fig. 9/b. All this shows that observa-
tions of a few hours’ duration are not
always reliable and should be evalua-
ted with caution. On the other hand,

it is not advisable to keep atrophic
infants at arelatively low temperature
for more than 3 hours, on account of
possible noxious after-effects.

Thermoneutral zone of healthy adults,
eutrophic and atrophic infants

It is generally recognized that the
thermoneutral zone for unclothed
adult humans is about 29°C [10, 45,
56]. Best and Taylor [3] designated
the range 27—32.5°C as the thermo-
neutral zone.

This temperature is the same as
that revealed by our experiments in
respect of marasmic infants. The ener-
gy metabolism of the adult human
remains unchanged, whereas that of
unclothed atrophic babies is increased
in this temperature zone. Customary
clothing provides a thermoneutral
environment for adults at room tem-
perature, whereas atrophic infants are
unable to maintain the physiological
equilibrium of thermoregulation at
room temperature, irrespective of
their clothing.

Adequate protective clothing re-
duces surface loss of heat but does not
prevent the loss via the respiratory
system. The quotient body surface
per volume amounts to 0.26 cm-1 for
adults, 0.70 cm*“1 for eutrophic new-
borns and 0.90 cm-1for premature ba-
bies weighing 1500 g. The respiratory
surface of adults measures 50 to 90
sq.m, but may even amount to 300
sq.m [8, 9, 17, 55] at a body surface
of 1.73 sq.m. The ratio of respiratory
surface and body surface of infants

Acta Paediatrica Academiae Scientiarum Hungaricae 7, 1966



996T ‘/ @eoebuny WNJRNU3IDS SeIWAPEIY edlljeIpaed eloy

Fig. 9b. Data presented in Fig. 9a, as computed for kg body weight of eutrophic infants of corresponding length
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is 13.4 sq.m/0.260 sq.m at the age of
one month, 18.5/0.320 at 5 months
and 52.5 sq.m/0.4 sq.m at 12 months
[8]. Up to 6 months, the surface ofthe
respiratory tract is 60 times, at 12
months 130 times, as large as body
surface. Considering the significance
of heat loss in the pathology of infan-
tile marasmus, it makes a great differ-
ence whether the respiratory system,
in continuous contact with the am-
bient atmosphere, inhales cool and
dry or warm and adequately humid
air.

Effect of ambient temperature on meta-
bolic rate

It appears from Fig. 8/b (Groups
I11—VI) and Fig. 9/b (columns 1),
that, while staying in inadequately
conditioned milieu, atrophic infants do
not even try to reach that minimum of
metabolic rate which is necessary for
the maintenance of normal functions.
As is evident from Fig. 8/b, atrophic
babies, if exposed to lower ambient
temperature, diminish the rate of
energy metabolism instead of increas-
ing it like normal infants. As can be
seen (Fig. 9/b, columns 1), infants
with weight deficiencies exceeding 20
per cent are incapable of maintaining
normal thermoregulation even at room
temperature.

It is likewise clear from Fig. 9/b
that the rate of energy metabolism
decreased along with the growing dis-
parity between body surface and body
substance in a milieu of 20° to 22°C
whereas — after a stay of 48 hours in

an adequately humid atmosphere of
28° to 31°C —heat production in the
same infants increased in proportion
to the progress of atrophy. This obser-
vation justifies the conclusion that it
is on account ofthe pathologic somatic
condition that at an inadequate tem-
perature energy metabolism follows
Rubner’slaw in a paradoxical manner.
Atrophic infants do not possess that
reserve energy which is necessary for
the maintenance ofphysiological ther-
moregulation in a cool milieu. It seems
that — when atrophic infants suffer a
pathologic loss of weight at normal
room temperature — the heat impul-
ses arriving from the body surface
and the respiratory tract, i.e. the areas
in contact with the ambient atmos-
phere, are inadequate during a well
definable phase of the loss of body
mass [30]; these impidses produce,
via thé hypothalamus, an inhibitory
effect on the apparatus which main-
tains the physiological equilibrium of
energy metabolism.

Effect of the environment on basal metab-
olism; analysis of the complex activi-
ties connected with metabolism

A survey of the functions closely
connected with basal metabolism,
examined under different climatic
conditions in normal and pathological
individuals, such as pituitary, thyroid
and adrenal activity [32, 46, 50], cir-
culation [14], carbohydrate [48], fat
[33], and protein metabolism, nitro-
gen balance [23, 24], total alpha ami-
no nitrogen [40], excretion ofuric acid
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[36], the behaviour of blood proteins
and circulating proteins [37], plasma
protein fractions [38], plasma volume,
extracellular fluid compartment [35,
41], serum lipids [42], relative serum
viscosity [39], and climatic factors
[49], makes it obvious that the sub-
normal energy metabolism of maras-
mic babies under inadequate climatic
conditions is an unavoidable conse-
quence of the decrease in the supply
of necessary food and body sub-
stances.

Subnormal energy consumption and
the consequent reduction of functions
(vita minima) mean a prolonged sur-
vival for the marasmic infants who,
lacking the necessary amount of food
and body substances, are staying in
an inadequate milieu of room temper-
ature. Pathologic thermoregulation
is, essentially, a defence mechanism, a
necessary phenomenon of adapta-
tion [26].

Atrophic infants are chronically
starving at room temperature [20].
They are — for both exogenous and
endogenous reasons — unable to assi-
milate that amount of food which is
necessary for the maintenance of nor-
mal body temperature and normal
growth. They do not utilize the energy
derivable from food in the same way
as do normally growing babies. The
atrophic organism converts a greater
proportion of ingested food to heat
than does the eutrophic one. It has
been proved that, placed in an ade-
quately humid atmosphere of 28 to
31°C, marasmic infants restore their
reduced functions and start growing
in a normal manner. It has been shown

previously [27] that, in a warm cli-
mate, subnormal energy metabolism
and thyroid activity become normal,
circulation is accelerated, circulating
blood volume is increased, oxygen
supply, foodstuff transport, absorp-
tion and utilization are improved,
appetite returns, and alimentary tol-
erance becomes wider. In an ade-
quately humid warm milieu the patho-
logic thermoregulation of atrophic in-
fants improves, and they are no longer
compelled to convert to heat an ab-
normally large quota of the ingested
food in order to maintain the required
body temperature, and will be able
to use for development the until then
wasted excess. Data [19, 21, 24] ac-
cording to which many atrophic in-
fants failed to grow for weeks and
months at room temperature in spite
of receiving 110 to 130 calories/day/kg
body weight, and started to develop
normally when transferred to a climat-
ic unit of 28° to 30°C, although
there was no change in their diet,
make it evident that the utilization of
ingested food was different in the two
environments. Eutrophic babies uti-
lize of 110 caloriesabout 25 forgrowth,
and it seems that atrophic infants
convert this amount of calories into
heat if kept at room temperature, but
utilize it like normal babies if kept in
a warm milieu.

Earlier concepts

It was in 1952 that we made the
following statement [19] on the sole
evidence of bedside observations:
“The pathologic condition of maras-
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mic infants causes chemical and physi-
cal disturbances of the thermal equi-
librium and gives rise to pathologic
energy  metabolism.  ‘Pathological
thermoregulation’ is the phenomenon
which — after the elimination of all
primary and interpolating causes —
is solely responsible for atrophy and
the lack of growth.” “The organism
does not build up owing to excessive
rate of catabolism ... disparity be-
tween the surfaceand the weight ofthe
body compels the atrophic infant to
employ excess chemical energy for
the maintenance of body tempera-
ture.” “Increased nutrition does not
satisfy the high energy requirement of
marasmic babies. The problem can be
solved only if energy metabolism is
normalized by a restoration of physio-
logical thermoregulation. Chemical
energy, liberated in this way, is incor-
porated by the organism of the maras-
mic infant who will accordingly start
growing.” Quotation from anotherear-
lier publication of one of the present
authors [27]: “Unless an attempt is
made to find our path in the labyrinth
of numberless contradictory state-
ments and results accumulated dur-
ing many decades, we shall never be
able to distinguish between functions
which aggravate the basic pathologic
process and those which ensure sur-
vival. The earlier statement [25] that
a low metabolic rate is a favourable
solution for the starving atrophic
infant in his actual situation and in
view of his future prospects of sur-
vival, was made in the conviction that
adaptive dissimilative metabolism is
bound to curtail life sooner or later

unless a remedy is found to alleviate
the inevitably developing grave situ-
ation”.

Thermoneutral environment of the atro-
phic infant

The zone of environmental temper-
ature in which energy metabolism
remains unchanged at the lowest pos-
sible level is known as indifferent tem-
perature. Fig. 9/b shows that this fun-
damental principle is true only up to
a certain limit of weight deficiency
[30], it being no longer valid if atro-
phy exceeds a certain point. Results,
as illustrated in Figs 8/b and 9/b,
justify the attempt to define the
thermoneutral zone of marasmic in-
fants. This zone lies in that tempera-
ture range where energy metabolism
increases in proportion with the degree
of atrophy and, stabilizing at a higher
level, approaches the lowest eutrophic
value. An adequately humid ambient
atmosphere of 28° to 31°C seems to
constitute the thermoneutral zone of
infants with weight deficiencies over
19 per cent. It is, according to our ob-
servations, at this temperature that
the minimal (i.e. physiological) rate
of metabolism is stabilized [27].

In no other field of paediatrics
(including the pathophysiology of
prematures) does normal versus ele-
vated temperature so deeply and in a
so contradictory manner influence
basal metabolism, and in no other
branch has the study of the thermo-
neutral zone higher practical signifi-
cance than in infantile atrophy.
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Summary

Serial investigations made in ma-
rasmic infants of different body builds
and in different stages of atrophy,
have shown that once the disease
responsible for the development and
maintenance of marasmus has been
cured, i.e. in intact atrophy, the cen-
tral problem that remains and has to
be overcome is a dysfunction of ther-
moregulation. A long chain of studies
regarding the thermoneutral zone of
marasmic infants has led to the con-
clusion that normal room temperature
is inadequate for them, and that they
are faced with an unsolvable task of
producing and replacing heat if kept
at such temperature.

The indifferent zone has been found
to lie around 29°C for unclothed
adults and marasmic infants alike. In
an environment of such temperature,
in adults the rate of metabolism re-
mains stable at the lowest physiolog-
ical level, whereas atrophic infants
increase their metabolic rate. Atroom
temperature, the usual clothing cre-
ates a thermoneutral environment for
normal adults, whereas atrophic in-
fants are not able to maintain the
minimal physiological metabolic rate.
Though wrapped in warm protective
clothing, marasmic babies kept at

room temperature do not even try to
approach the minimal level of basal
metabolism necessary for normal
functions. Heat production by infants
with an average weight deficiency of
33.2 per cent is about 30 per cent be-
low the physiological level.

The thermoneutral zone for infants
with weight deficiencies exceeding 19
per cent is a comfortably humid at-
mosphere of 28° to 31°C. Heat pro-
duction in gravely atrophied babies
transferred to such milieu showed a
rise of 20 to 25 per cent in 48 hours.

Indifferent temperature is, accord-
ing to the law of thermoregulation,
that zone of the ambient temperature
in which the metabolic rate remains
unchanged at the minimal physiolog-
ical level. It has, however, been
found that the indifferent temperature
for marasmic infants is that zone in
which the hitherto subnormal meta-
bolic rate suddenly begins to rise. The
more advanced the atrophy, the more
rapid the rise of metabolic rate. Dur-
ing the very first weeks of their stay
in the conditioned climate, marasmic
infants begin to grow and approxi-
mate the lowest eutrophie value of
energy metabolism. Atrophic infants
do not, therefore, follow the funda-
mental law of physiological thermo-
regulation.
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