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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 m an as 
in quadrupeds or birds [1]. Differences 
of this kind make it difficult to  com­
pare the energy metabolism of differ­
en t species.

The energy metabolism of living 
organisms is influenced by environ­
m ental tem perature. Organisms with 
developed regulatory mechanism, ex­
posed to  unusually low or high tem ­
peratures, are capable of adjusting 

0  their energy metabolism within cer­
tain  limits. There exists a zone of 
tem perature in which the metabolism 
of the resting organism remains a t  a 
relatively low level. This is the basal 
metabolism, and the zone of tem per­
ature is called neutral, indifferent or 
comfort zone [7]. The therm oneutral 
zone of all homothermie organisms is 
between 27° and 31°C [3, 52]. Chan­
ges of environmental tem perature 
within these limits do not entail 
fluctuations in the intensity of m eta­
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 adu lt [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 therm oneu­
tra l zone in respect to atrophic infants 
[18, 19, 27, 53]. The first step was to 
determine how the m etabolism of 
underdeveloped infants, accustomed 
to  a perm anently higher tem perature, 
would react to  being transferred to  an 
environm ent of 20° to 22°C, a milieu 
which represents the therm oneutral 
zone for adequately clothed eutro- 
phic infants. I t  was further intended 
to observe how atrophic babies pro­
tec t themselves from being cooled 
down a t th a t — for them  unusual — 
low tem perature, one which under 
physiological conditions ought to  in­
crease metabolism. Another series of 
investigations had the object to  study 
the acute effect of high environm en­
tal tem perature on the thermogenesis 
of atrophic infants, to provide addi­
tional support to the earlier observa­
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tion  th a t, 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 perm anently overheated 
environm ent, m ight be interesting 
from  the  angle of energy metabolism 
and thermoregulation.

M a t e r ia l  a n d  M eth o d

T h e  m a te ria l o f  th e  s tu d y  consisted  of 
e u tro p h ic , h y p o tro p h ie , m o d e ra te ly  a tr o ­
p h ic  a n d  g rave ly  m ara sm ic  in fan ts . O xygen 
co n su m p tio n , re c ta l te m p e ra tu re , th e  
e ffe c t o f  low  an d  h ig h  en v iro n m en ta l te m ­
p e ra tu re  on  oxygen  co n su m p tio n  w ere 
o b se rv ed ; th e  s tu d y  ex ten d e d  fu r th e r  to  
e n e rg y  m etabo lism  re la te d  to  b o th  a c tu a l 
a n d  id ea l w eight. T h e  en e rg y  m etabo lism  
o f  d iffe ren tly  b u ilt m a ra sm ic  in fa n ts  w as, 
m o reo v e r, com pared  w ith  t h a t  o f  no rm al 
b ab ie s . M etabolic in v es tig a tio n s  w ere p e r ­
fo rm ed  in  a ir-co n d itio n ed  boxes b y  m eans 
o f  a  N oyons ty p e  d iap h e ro m e te r. M ethods 
a n d  te ch n ica l de ta ils  h a v e  b een  described 
e a r l ie r  [15, 16, 28].

P a r t  o f  th e  p re se n te d  d iag ram s h as 
b een  pub lished  ea rlie r b u t  a  tho rough  
an a ly s is  o f  th e  th e rm o n e u tra l zone a n d  a 
d e ta ile d  discussion o f  p a th o lo g ic  th e rm o ­
re g u la tio n  h av e  m a d e  i t s  re p e a te d  p re sen ­
ta t io n  necessary .

R e su l t s

Rig. 1 shows d a ta  regarding heat 
production of 75 hypotrophie and 
atrophic infants according to age 
groups. The solid line indicates heat 
production in eutrophic, the circles 
th a t  in atrophic infants. I t  is clear

th a t  the  la tte r produce less heat than  
norm al babies.

The shaded part of Fig. 2/a repre­
sents heat production in cal/kg of 
norm al infants, the circles th a t  of 
atrophic babies with weight-deficien­
cies between 20 and 40 per cent. Mean 
heat produced by such infants a t 
room tem perature 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 
w eight” in the following); it am ounted 
to  42.3 cal/kg. A comparison of Figs 
2/a and 2/b makes it  clear th a t  the 
la tte r  presents a truer picture of reali­
ty  th an  the former.

D ata  in Fig. 3/a are referred to  the 
own body weight of the atrophic in­
fants, while Fig. 3/b shows the same 
d a ta  w ith reference to  eutrophic 
weight. The diagrams present heat 
production of 13 hypotrophie and 7 
atrophic infants who had been accus­
tom ed to  an adequately humid milieu 
of 29° to  30°C. I t  also shows heat 
production of the same babies after 
60 and 150 minute exposures to  tem ­
peratures between 16° and 22°C.

D ata  obtained a t high and low tem ­
peratures are connected by solid lines 
in Figs 3/a and 3/b. W hen kept in a 
milieu of 29° to 30°C, no infant in 
any group had other clothing than  a 
diaper. Diagram I  of these figures 
shows d a ta  of infants w ith a weight 
deficiency of 13 to 20 per cent who 
were wrapped in swaddling clothes 
a t  a  tem perature of 17°C; the corre­
sponding parameters for Diagram II
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F ig . 1. D a ily  h e a t  p ro d u c tio n  o f variously  b u i l t  in fa n ts  according to  age

Ca!/2k hr/ kg

F ig . 2a. H e a t  p ro d u c tio n  by  in fa n ts  w ith  F ig . 2b . H e a t  p roduc tion  b y  a tro p h ic  
20 to  40 p e r  c e n t w e ig h t deficiency in fa n ts  rep re sen ted  in  F ig . 2a, c o m p u te d

fo r h e a t  p ro d u c tio n  b y  e u tro p h ic  in fa n ts  
o f  th e  sam e leng th
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Cal/'ZU h r /kg 
70-
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F i g . 3 a . H e a t  p ro d u c tio n  in  c a l/k g  b y  d iffe ren tly  c lo th e d  h y p o troph ie  (I, I I )  a n d  a tro p h ic  
( I I I ,  IV ) in fan ts , a d a p te d  to  a d e q u a te ly  h um id  e n v iro n m e n t o f 29° to  30°C, a f te r  a  s tay  
o f  60 m in . ( I —1П) and  150 m in . (IV) in  c lim atic  u n i ts  o f  17° and  22°C o r 16° a n d  19°C

are: 14 to  19 per cent weight deficien­
cy, 22°C, clothed with a shirt and 
covered w ith a thin blanket; diagram 
I I I :  26 to  30 per cent weight defi­
ciency, 16°C, swaddling clothes; dia­
gram  IV: 22 to 30 per cent weight 
deficiency, 19°C, shirt and  diaper. 
D iagram s I  and II  represent babies 
who, by  having been kept in a hot 
m ilieu and  carefully nursed for 6 to 
8 weeks, were gaining weight and had 
developed from atrophic to  hypotro­
phie infants, whereas th e  severely 
a troph ied  babies represented in dia­

gram s I I I  and IV were still a t  the 
beginning of the upward pa th . The 
average value of heat production in 
adequately  clothed infants o f groups 
I  an d  I I  underwent no statistically  
significant change after 60 min. in a 
milieu of usual or a somewhat lower 
tem perature. The average fall o f body 
tem perature  during the 60 min. a- 
m ounted to  0.5°C. Clad in warm  protec­
tive  clothing, the babies of Groups П1 
and  ГУ lost 0.4°C body tem perature 
during control tests th a t lasted  one to 
tw o hours; the loss was 2.2°C if the
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ïb

ö uo-

30 TTC
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30 16°C

30 ~22°C

F ig . 3b. H e a t p ro d u c tio n  b y  th e  in fan ts  rep re sen ted  in  F ig . 3a, com pu ted  fo r th e  w eigh t 
o f  e u tro p h ic  in fan ts  o f co rresp o n d in g  length

infants had no protective clothing 
although the tem perature was rela­
tively higher. The fall o f 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 afte r 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 
of usual tem perature, bu t had nothing 
on except a diaper in the high tem per­
a tu re  climatic units. Group I  consist­
ed of babies with weight deficiencies 
between 26 and 40 per cent, Group II  
of babies with deficiencies o f 20 to 
25 per cent. A 24-hour s tay  in humid 
hot clim ate raised the energy m etab­
olism by 13.1 per cent in th e  first, 
and by 12.0 per cent in th e  second 
group. The difference was significant 
statistically  a t a 0.1 per cent level of 
confidence. The change o f climate 
did no t affect average heat produc-
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30-

21-22 28-30°C

40-

21-22 28-30°C

Cal/20-hr/kg Cal/Zkhr/kg

F m . 4 a . H e a t  p ro duc tion  in  c a l/k g  by  a troph ic  (I, I I ) ,  h y p o tro p h ie  (III) in fa n ts , a n d  
in f a n ts  w ith  less th a n  5 p e r  c e n t w e ig h t deficiency (IV ), a f te r  24 h rs  s ta y  in  a n  e n v iro n m e n t 
o f  28° t o  30°C following p ro lo n g ed  s ta y  in  a d e q u a te ly  h u m id  atm osphere  o f  21° to  22° C. 
T h e  in f a n ts  h ad  th e  u sua l c lin ica l c lo th ing  a t  ro o m  te m p e ra tu re  and  w ere u n c lo th e d  in

th e  w arm  u n it

tion  in  Group III  composed o f babies 
w ith  w eight deficiencies of 9 to  19 per 
cent (p >  10 per cent). Members of 
G roup IV, composed of in fan ts with 
w eight deficiencies below 10 per cent, 
reac ted  to  heat in the opposite sense; 
th e ir  energy metabolism, instead of 
increasing, showed an average de­
crease o f 7.0 per cent.

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

and m oderately atrophic infants w ith 
weight deficiencies between 12 and 
24 per cent (white column) and th a t  
of 11 gravely atrophic infants w ith de­
ficiencies between 30 and 40 per cent 
(black column). Fig. 5/b shows the  
same d a ta  with reference to  the  ideal 
weight o f an eutrophic infant corre­
sponding to  the body length o f an 
atrophic infant. The first pair of col­
um ns 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 hum id climate 
of 28° to  30°C; the th ird  pair of col­
umns shows the effect o f the same

21-22 28-30 21-22 28-30°C

F ig . 4b. H e a t p ro d u c tio n  b y  in fan te  rep resen ted  in  F ig . 4a, co m p u ted  fo r w e ig h t o f 
eu tro p h ic  in fa n ts  o f  co rresponding  len g th

climate after 24, the fourth  after 48, 
hours. Average heat production of 
infants with more than  30 per cent 
weight deficiency began a t a  deep 
point and increased by 25 per cent in 
48 hours; despite this considerable 
rise, their heat production remained 
inferior to th a t 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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phied babies. I t  is nevertheless clear 
th a t heat production increased in both 
atrophic categories.

Fig. 6/a presents heat production 
per kg of actual body weight in dif-
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Cal/26 hr/kg 
66-

/. //. ///. IV.

F ig . 5 a . W h ite  colum ns in d ic a te  v a lu es fo r in fa n ts  w ith  w eigh t defic iencies be tw een  12 
a n d  24 p e r  cen t; b lack  co lu m n s show  va lues fo r in fa n ts  w ith  w eig h t defic iencies betw een  
30 to  40 p e r  cen t. C olum ns N o . I  in d ic a te  h e a t p ro d u c tio n  a t  20° to  22°C; co lum ns N o. I I  
in d ic a te  h e a t  p ro duc tion  im m e d ia te ly  a f te r  tra n s fe r  to  a n  a d eq u a te ly  h u m id  atm osphere  
o f  28° to  30°C; colum ns N o . I l l  show  h e a t p ro d u c tio n  a f te r  24, co lu m n s N o IV . a fte r

48 h rs , in  th e  w a rm  m ilieu

F ig . 5b. H eat production by th e  infants represented in F ig . 5a, as computed for body 
weight of eutrophic infants of corresponding length

for th e  same individuals in  the hot 
clim atic un it a t the tim es indicated on 
th e  abscissa. Mean heat production by 
the  m arasmic infants was 57 cal/kg a t 
the  outset, 60 cal/kg a fte r  18, and 
63 cal/kg after 35 days.

Fig. 6/b presents the  d a ta  of Fig. 6/a 
w ith reference to  the ideal weight cor­
responding to  the length of the atro­
phic infant. I t  can be seen th a t heat 
production a t the maximum of atro­
phy was much below the  average for
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C o//2U h r / kg  
80-

0 18- 35- 
21 38

54- 78- 96- 117- 
57 81 99 120 d a y

F ig . 6a. H e a t  p ro d u c tio n  b y  in fan ts w ith  w e ig h t deficiencies betw een 20 a n d  40 p e r 
c en t a t  v a rio u s tim es (as p lo tte d  on th e  absc issa ) d u rin g  severa l m o n th s’ s ta y  in  c lim a tic

un its  o f  28° to  30°C

60 1

F ig . 6b. V alues rep resen ted  in  F ig . 6a, a s  c o m p u te d  fo r kg  body  w eigh t o f  eu tro p h ic
in fan ts  o f co rresp o n d in g  len g th
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eutrophic babies, and th a t  — with 
advancing growth — the heat produc­
tion  o f atrophic infants came gradual­
ly  nearer to  th a t of normal babies. The 
curve indicating the m athem atical 
analysis of the values is in the lower 
p a r t  of the Figure. I t  is noteworthy 
th a t  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 o f the chro­
nic experiments represented in Fig. 
6/b, and — with advancing growth — 
had  stabilized a t a m oderately high 
p lateau  considerably above the initial 
value. The value of heat produced by 
the  atrophic infants rose, w ith refer­
ence to  eutrophic weight, from  the ini­
tia l 42.3 cal to 45.7 on the  18th and 
to  48.2 on the 35th day o f their stay 
in th e  climatic ward. The value on the 
35th day  approxim ated the  physiolog­
ical heat production of normal in­
fants. The body weight of the atro­
phic babies rose from the  initial aver­
age o f 3765 g to 4003 and  then to 
4430 g on the 18th and 35th day, 
respectively.

Loss of weight during prolonged 
s tay  in  a humid milieu of 28° to  30°C 
is presented in Fig. 7. The circles and 
dots indicate the tim es o f measure­
m ents. Weight-loss a t  the  points of 
tim e indicated on the  abscissa in 
Figs 6/a and 6/b am ounted 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. I t  
is ev ident from a comparison of Figs 
6 an d  7 th a t increase in the  heat pro­
duction of atrophic infants consider­

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

D iscussion

Views regarding the pathologic thermo­
regulation in infantile atrophy

The effect of a warm environm ent 
on basal metabolism is a subject th a t  
has been neglected even in respect of 
adu lt individuals [28, 52]. Except the 
present authors [15, 16] nobody seems 
to  have studied the thermogenic effect 
on m arasmic infants of a 24 to  48 hour 
or prolonged stay in a warm environ­
m ent. I t  is only natural tha t, because 
of the novelty of the results, they  
have repeatedly met with scepticism 
and even downright refusal.

I t  was in 1952 tha t one of the pres­
ent authors (L. K.) expounded the 
theory  th a t, in cases of in tact atrophy, 
the  principal cause of growth failure 
was the  pathological therm oregula­
tion of atrophic infants [18, 19]. I t  
took a whole decade of experiments to  
establish the fact th a t infantile a tro ­
phy is associated with pathologic ther­
moregulation, and to ascertain the 
therm oneutral zone of marasmic in ­
fants.

In  1955, a t a conference on the  prob­
lem of infantile marasmus, K erpkl- 
F roistius questioned the correctness of 
our theory  which he seems to  have 
m isunderstood [13]. He wrote on 
another occasion (in 1960) th a t  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 th a t the problem of therm o­
regulation was just one of the many 
complex aspects, adm itting, however, 
th a t pathologic thermoregulation

th a t i t  should be exactly the atrophic 
infant to  behave in this m anner [25]. 
A part from  the evidence of our experi­
m ents, this assumption is disproved 
by the  fact th a t atrophic infants kept

percent 
U0- о •

F i g . 7. Loss o f  w e ig h t o f  th e  m arasm ic  in fa n ts  rep re sen ted  in  F igs 6a a n d  6b

m ay, in itself, restrict the possibility  
o f  repair. V ég h e l y i a t the sam e tim e  
raised the question  w hether it  was 
possible to  determ ine th e  tem perature 
to  be considered neutral for marasmic 
in fants and asked w hether it  was cred­
ib le th at conditioning for a single 
day should have so radically raised 
the m etabolism  o f  m arasm ic infants; 
he said th a t one is rather inclined to  
th ink  th e  tem perature o f  the condi­
tioned  milieu w as above the indiffer­
ent zone and th a t th e  sudden rise o f  
oxygen  consum ption w as due to  exces­
sive heat; it  being d ifficu lt to  believe

in a hot humid atmosphere do not 
display the usual signs o f warming 
up such as restlessness, perspiration, 
hyperpnoea, flushing. Besides, quite a 
num ber of investigations have shown 
th a t  in such milieu biological param e­
ters tend  to rise towards norm al val­
ues [27].

The conclusion, based on acute ex­
perim ents of a few hours’ duration, 
th a t  the therm oneutral zone o f a tro ­
phic infants clad in the usual clinical 
garm ents lies between 22° and 28°C 
[54] is untenable, first, because a  neu­
tra l tem perature zone of such a wide
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ran ge is  unknow n in hum an physiology  
and  especia lly  ou t o f  question  w ith  
reference to  in fantile  atrophy and, 
secon d , because — as seen from  our 
d iagram s — the calorie production by  
atrop h ic  infants clad in clinical gar­
m en ts  in  a milieu o f  22°C is subnor­
m al and  does not com e even  near to  
th e  am ou n t o f  heat produced b y  them  
w ith o u t clothing in a hot m ilieu .

Evaluation of the results

T otal calorie production in the cases 
shown in Fig. 1 was invariably less 
th an  th e  heat produced by eutrophic 
in fan ts  of the corresponding ages. The 
grow th index of babies in th is group 
varied  between 20 and 36, and their 
average body weight was 46 per cent 
less th an  th a t of the corresponding 
eutrophic infants. I t  has been general­
ly recognized th a t to ta l energy m etab­
olism in the marasmic infant is in­
ferior to  th a t of norm al babies of the 
sam e age [28], a na tu ra l phenomenon 
considering th a t marasmic infants 
have m ostly half the body weight of 
th e ir eutrophic counterparts.

The apparent contradiction be­
tw een Figs 2/a and 2/b is due to  a dif­
ference in the m ethod of computation. 
H ea t production, referred to  the 
weight o f atrophic infants (Fig. 2/a), 
extends beyond the norm al zone, 
while hea t production referred to th a t 
w eight which would norm ally corre­
spond to  the given body length (Fig. 
2/b), rem ains below normal. I t  was 
shown earlier [28] th a t  the  second 
m ethod is preferable, and this the

more so as only values obtained in this 
m anner allow reliable comparisons 
betw een marasmic and eutrophic in­
fan ts [51].

Body composition of atrophic in­
fan ts differs from th a t of norm al ba­
bies. Organs with high oxygen con­
sum ption (brain, kidney) are hardly 
affected by atrophy, while adipose 
tissues — organs of low energy con­
sum ption — practically disappear; 
muscle mass, the basis of chemical 
therm oregulation, is reduced; the  vol­
um e of intracellular water is inferior, 
th a t o f extracellular water superior, 
to  the  degree of atrophy. Anomalous 
phenom ena of this kind have different 
degrees in the different atrophic sub­
jects. A part from the in tensity  of 
weight loss, the duration of the  pro­
cess o f atrophy constitutes an  im por­
ta n t  factor in this respect. N otw ith­
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 tha t the  life functions 
of atrophic infants remain subnorm al 
a t the  tem perature custom ary in  hos­
p itals [27]. Complex investigations 
have definitely shown th a t in atrophic 
infants thermogenesis is essentially 
low [28, 29], a phenomenon evident 
from  Fig. 2/b. Since it  is clear th a t 
d a ta  regarding heat production and 
energy metabolism in atrophic infants 
express real conditions more tru ly  if 
referred to  the ideal weight corre­
sponding to the height of the atrophic 
infant, we have based our following
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F ig . 8a. A verage h e a t  p ro d u c tio n  c o m p u te d  from  d a ta  in  F ig s . 3a an d  3b, b y  u n c lo th ed  
a tro p h ic  bab ies in  a  p e rm an en tly  w a rm  m ilieu  o f  29° to  30°C (w h ite  co lum ns), an d  in 
c lim a tic  u n its  o f  16° to  22°C (black co lum ns), w ith  an d  w ith o u t lig h t c lin ica l c lo th in g , 

a f te r  a  s ta y  o f  60 an d  150 m in u tes

F ig . 8b. D a ta  rep resen ted  in  F ig . 8a, a s  co m p u ted  fo r kg bo d y  w eigh t o f  eu tro p h ic  in fa n ts
o f co rresp o n d in g  leng th
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analyses on data yielded by this 
m ethod of computation.

Average experimental values

I t  is attem pted in the  following dia­
gram s to approach the  problem of 
therm oregulation in infantile  atrophy 
by  th e  analysis of mean values.

F igs 8/a and 8/b present the  aver­
age values of Figs 3/a and  3/b. White 
colum ns indicate calorie production 
by  atrophic infants in perm anently 
w arm  climate, black and  shaded co­
lum ns show heat production during 
60 m inutes by differently atrophied 
an d  differently clothed babies a t tem ­
pera tu res varying betw een 16 and 
22°C. Values for Groups I  an d  II prove 
th a t  unclothed hypotrophie infants 
w ith  weight deficiencies n o t exceed­
ing 20 per cent, accustom ed to  high 
tem perature, if kept for 60 min. a t 
17°C and provided w ith warm or 
ligh ter protective clothing, m aintain­
ed th e  balance of energy metabolism 
while their body tem pera tu re  de­
creased by 0.5°C. Group I I I  was com­
posed of babies with w eight deficien­
cies exceeding26 per cent; k ep t a t 16°C 
for 60 min. and provided w ith warm 
pro tective clothing, bo th  their heat 
production and body tem perature 
showed a marked dim inution. Mem­
bers of Group IV were k ep t for 2 1/2 
hours a t 19°C w ithout protective 
clothing; the average drop of body 
tem perature was 2.2°C, while heat pro­
duction  decreased by 19.8 per cent. I t  
is evident that atrophic infants, if 
k ep t a t  normal room tem perature  or 
lower temperatures, do n o t even try

to  increase heat production in order 
to m aintain their body tem perature, 
no m atte r how they are clothed.

Figs 9/a and 9/b present mean val­
ues for basal metabolism in 80 hypo- 
trophic and atrophic infants a t  room 
tem perature and in a warm milieu. 
The diagram s indicate heat produc­
tion o f marasmic infants (I) a t room 
tem perature; (II) measured immedi­
ately  a fte r transfer to an environment 
of 28°Cto 30°; (III) measured after a 
stay  of 24, and (IV) 48 hrs in the warm 
climate. If heat production is com­
pared w ith weight-loss in Fig. 9/b, it  is 
evident th a t  — a t  room tem perature 
(column I), in a certain phase of 
weight loss (Group III) — heat produc­
tion lagged behind the corresponding 
eutrophic value, and th a t — with the 
progress of weight loss (Groups III— 
VII) — heat production continued to 
decrease. H eat production a t room tem ­
perature in Groups VI and VII, i.e. in 
infants w ith the gravest marasmus, 
was considerably below normal. The 
growth index of Group I 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. 
A fter a 24-hour stay  in warm climate 
(column III), they reduced their ener­
gy m etabolism to the lowest physiolog­
ical lim it. H eat production in Group 
II (average weight deficiency, 15 per 
cent) in the warm climate was not 
significantly different from the nor­
mal values measured a t room tem per­
ature. Members of Groups III—VII— 
under the  acute (П), 24-hour (III) and 
48-hour (IV) effect of warm milieu —
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F ig . 9a. C om bined effect o f  th e  degree o f  w eigh t loss, en v iro n m en t o f  20° to  22°C, an d  ad eq u a te ly  h u m id  m ilieu  o f  28° to31°C , on  h e a t 
p ro d u c tio n  in  m arasm ic  in fan ts . C olum ns N o. I  in d ica te  va lues a t  room  te m p e ra tu re , colum ns N o. I I  those  reg istered  im m ed ia te ly  
a f te r  tra n sfe r to  th e  w arm  m ilieu; colum ns N o. 1П  show  values a f te r  a  s ta y  o f  24, co lum ns N o. IV  a f te r  one o f  48 hours , in  th e  cond i­
tioned  u n its . C olum ns o f G roup  V III  in d ica te  average  h e a t p ro d u c tio n  b y  bab ies in  th e  5 th  and  8 th  w eek o f  cond ition ing ; these  in fan ts  

h a d  a n  average  w eigh t deficiency o f 27.4 p e r c e n t before tra n s fe r  to  th e  c lim atic  u n it
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raised their heat production practi­
cally in parallel w ith th e  progress of 
weight loss. Columns in respect of 
Group V III show average heat produc­
tion  per kg in the 5th and  8 th  week of 
s tay  in warm milieu by  babies whose 
weight deficiency am ounted to 27.4 
per cent prior to  a ir conditioning. I t  
can be seen th a t prolonged stay in a 
clim ate which for them  was thermo­
neutral raised heat production of a t­
rophic infants to  approxim ately the 
lowest eu trophic level.

Optimum duration of the experiment

I t  has been found th a t  the  duration 
o f acute experiments should not be 
restricted  to one or tw o hours. As can 
be seen from Fig. 4/b (24-hour meas­
urem ents), the percentual rise of heat 
production was alm ost identical in 
Group I  (grave marasmus) and Group 
I I  (average atrophy): the  difference 
was significant a t a 0.1 per cent level 
o f confidence. E nergy metabolism 
showed increases o f 13.0 and  10.5 per 
cent, respectively. Again, it  is clear 
from  Fig. 5/b th a t  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 experim ents made it 
clear th a t even infants w ith weight 
deficiencies exceeding 30 per cent 
stepped up heat production dram ati­
cally, a phenomenon borne out by a 
comparison of Groups VI and VII in 
Fig. 9/b. All this shows th a t  observa­
tions of a few hours’ duration are not 
always reliable and should be evalua­
ted  with caution. On the  other hand,

it is no t advisable to keep atrophic 
infants a t a relatively low tem perature 
for more than  3 hours, on account of 
possible noxious after-effects.

Thermoneutral zone of healthy adults, 
eutrophic and atrophic infants

I t  is generally recognized th a t  the 
therm oneutral zone for unclothed 
adult hum ans is about 29°C [10, 45, 
56]. B e s t  and T a y lo r  [3] designated 
the  range 27 —32.5°C as the therm o­
neutral zone.

This tem perature is the same as 
th a t  revealed by our experiments in 
respect of marasmic infants. The ener­
gy metabolism of the adult human 
rem ains unchanged, whereas th a t of 
unclothed atrophic babies is increased 
in th is tem perature zone. Customary 
clothing provides a therm oneutral 
environm ent for adults a t room tem ­
perature, whereas atrophic infants are 
unable to  m aintain the physiological 
equilibrium  of thermoregulation a t 
room tem perature, irrespective of 
their clothing.

Adequate protective clothing re­
duces surface loss of heat bu t 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-1 for prem ature ba­
bies weighing 1500 g. The respiratory 
surface of adults measures 50 to 90 
sq.m, b u t may even am ount to  300 
sq.m  [8, 9, 17, 55] a t a body surface 
of 1.73 sq.m. The ratio of respiratory 
surface and body surface of infants
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is 13.4 sq.m/0.260 sq.m a t the age of 
one m onth, 18.5/0.320 a t 5 months 
and 52.5 sq.m/0.4 sq.m  a t 12 months
[8]. U p to 6 months, the surface of the 
resp ira to ry  trac t is 60 times, a t 12 
m onths 130 times, as large as body 
surface. Considering the  significance 
o f hea t loss in the pathology of infan­
tile  marasmus, it  makes a great differ­
ence whether the respiratory  system, 
in continuous contact w ith the am­
b ien t atmosphere, inhales cool and 
d ry  or warm and adequately humid 
air.

Effect of ambient temperature on meta­
bolic rate

I t  appears from Fig. 8/b (Groups 
I I I —VI) and Fig. 9/b (columns I), 
th a t , while staying in inadequately 
conditioned milieu, atrophic infants do 
no t even try  to reach th a t minimum of 
m etabolic rate which is necessary for 
th e  m aintenance of norm al functions. 
As is evident from Fig. 8/b, atrophic 
babies, if exposed to  lower ambient 
tem perature, diminish th e  rate  of 
energy metabolism instead of increas­
ing i t  like normal infants. As can be 
seen (Fig. 9/b, columns I), infants 
w ith  weight deficiencies exceeding 20 
per cent are incapable of maintaining 
norm al therm oregulation even a t room 
tem perature.

I t  is likewise clear from  Fig. 9/b 
th a t  the  rate of energy metabolism 
decreased along with the growing dis­
p a rity  between body surface and body 
substance in a milieu of 20° to 22°C 
w hereas — after a stay  of 48 hours in

an adequately humid atm osphere 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 th a t it 
is on account of the pathologic somatic 
condition th a t a t an inadequate tem ­
pera tu re  energy metabolism follows 
R ubner’s law in a paradoxical manner. 
A trophic infants do not possess th a t 
reserve energy which is necessary for 
the  maintenance of physiological ther­
m oregulation in a cool milieu. I t  seems 
th a t  — when atrophic infants suffer a 
pathologic loss of weight a t normal 
room tem perature — the  heat im pul­
ses arriving from the body surface 
and the  respiratory trac t, i.e. the  areas 
in contact with the am bient atm os­
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 m ain­
tains th e  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, 
exam ined under different climatic 
conditions in normal and pathological 
individuals, such as p itu itary , thyroid 
and adrenal activity [32, 46, 50], cir­
culation [14], carbohydrate [48], fat 
[33], and protein metabolism, n itro­
gen balance [23, 24], to ta l alpha ami­
no nitrogen [40], excretion of uric acid
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[36], the behaviour of blood proteins 
and circulating proteins [37], plasma 
protein fractions [38], plasma volume, 
extracellular fluid compartm ent [35, 
41], serum lipids [42], relative serum 
viscosity [39], and climatic factors 
[49], makes it obvious th a t 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 m inim a) mean a prolonged sur­
vival for the marasmic infants who, 
lacking the  necessary am ount of food 
and body substances, are staying in 
an inadequate milieu of room tem per­
ature. Pathologic thermoregulation 
is, essentially, a defence mechanism, a 
necessary phenomenon of adap ta­
tion [26].

Atrophic infants are chronically 
starving a t room tem perature [20]. 
They are — for both exogenous and 
endogenous reasons — unable to  assi­
m ilate th a t  am ount of food which is 
necessary for the maintenance of nor­
mal body tem perature 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. I t  has 
been proved that, placed in an ade­
quately humid atmosphere of 28 to 
31 °C, marasmic infants restore their 
reduced functions and s ta rt growing 
in a  normal manner. I t  has been shown

previously [27] that, in a warm  cli­
m ate, 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 alim entary  to l­
erance becomes wider. In  an ade­
quately humid warm milieu th e  patho­
logic thermoregulation of atrophic in­
fants improves, and they  are no longer 
compelled to convert to  heat an ab­
norm ally large quota of the  ingested 
food in order to maintain th e  required 
body tem perature, and will be able 
to  use for development the  u n til then 
wasted excess. D ata [19, 21, 24] ac­
cording to  which many atrophic in­
fants failed to grow for weeks and 
m onths a t room tem perature in spite 
of receiving 110 to 130 calories/day/kg 
body weight, and sta rted  to  develop 
normally when transferred to  a  clim at­
ic un it of 28° to 30°C, although 
there was no change in th e ir diet, 
make it evident th a t the u tilization of 
ingested food was different in the  two 
environments. Eutrophic babies u ti­
lize of 110 calories about 25 for growth, 
and it seems th a t atrophic infants 
convert this amount of calories into 
heat if  kept a t  room tem perature, bu t 
utilize i t  like normal babies if kept in 
a warm milieu.

Earlier concepts

I t  was in 1952 th a t we m ade the 
following statem ent [19] on th e  sole 
evidence of bedside observations: 
“The pathologic condition o f maras-
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mic infants causes chemical and physi­
cal disturbances of the  therm al equi­
librium  and gives rise to  pathologic 
energy metabolism. ‘Pathological 
therm oregulation’ is th e  phenomenon 
which — after the elim ination of all 
prim ary  and interpolating causes — 
is solely responsible for atrophy and 
th e  lack of growth.” “The organism 
does no t build up owing to  excessive 
ra te  of catabolism . . . d isparity  be­
tween the surface and the  weight of the 
body compels the atrophic infant to 
em ploy excess chemical energy for 
th e  maintenance of body tem pera­
tu re .” “Increased nu trition  does not 
satisfy  the high energy requirem ent of 
m arasm ic babies. The problem  can be 
solved only if energy metabolism is 
normalized by a restoration of physio­
logical therm oregulation. Chemical 
energy, liberated in th is  way, is incor­
po rated  by the organism of the maras­
mic infan t who will accordingly start 
growing.” Quotation from  another ear­
lier publication of one of the  present 
au thors [27]: “Unless an attem pt is 
m ade to  find our pa th  in the  labyrinth 
o f numberless contradictory  state­
m ents and results accum ulated dur­
ing m any decades, we shall never be 
able to  distinguish betw een functions 
which aggravate th e  basic pathologic 
process and those which ensure sur­
vival. The earlier s ta tem en t [25] tha t 
a low metabolic ra te  is a favourable 
solution for the starv ing  atrophic 
in fan t in his actual situation  and in 
view of his future prospects of sur­
vival, was made in the  conviction th a t 
adaptive dissimilative metabolism is 
bound to  curtail life sooner or later

unless a  rem edy is found to  alleviate 
the inevitably  developing grave situ ­
ation” .

Thermoneutral environment of the atro­
phic infant

The zone of environmental tem per­
atu re  in which energy metabolism 
rem ains unchanged at the lowest pos­
sible level is known as indifferent tem ­
perature. Fig. 9/b shows th a t this fun­
dam ental principle is true only up to 
a certain  lim it of weight deficiency 
[30], i t  being no longer valid if  a tro ­
phy exceeds a certain point. Results, 
as illustrated  in Figs 8/b and 9/b, 
justify  th e  attem pt to  define the 
therm oneutral zone of m arasm ic in­
fants. This zone lies in th a t tem pera­
tu re  range where energy metabolism 
increases in proportion with the  degree 
of a trophy  and, stabilizing a t a higher 
level, approaches the lowest eutrophic 
value. An adequately humid am bient 
atm osphere of 28° to 31 °C seems to 
constitu te the therm oneutral zone of 
infants w ith weight deficiencies over 
19 per cent. I t  is, according to  our ob­
servations, a t this tem perature th a t 
the m inim al (i.e. physiological) rate  
of m etabolism  is stabilized [27].

In  no other field of paediatrics 
(including the pathophysiology of 
prem atures) does normal versus ele­
vated  tem perature so deeply and in a 
so contradictory manner influence 
basal metabolism, and in no other 
branch has the study of the therm o­
neu tral zone higher practical signifi­
cance th an  in infantile atrophy.
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Sum m ary

Serial investigations made in ma- 
rasmic infants of different body builds 
and in different stages of atrophy, 
have shown th a t once the disease 
responsible for the development and 
m aintenance of marasmus has been 
cured, i.e. in in tac t atrophy, the cen­
tral problem th a t remains and has to 
be overcome is a dysfunction of ther­
moregulation. A long chain of studies 
regarding the therm oneutral zone of 
marasmic infants has led to  the con­
clusion th a t  normal room tem perature 
is inadequate for them, and th a t they 
are faced with an unsol vable task of 
producing and replacing heat if kept 
a t  such tem perature.

The indifferent zone has been found 
to lie around 29°C for unclothed 
adults and marasmic infants alike. In  
an environm ent of such tem perature, 
in adults the  rate  of metabolism re­
mains stable a t the lowest physiolog­
ical level, whereas atrophic infants 
increase their metabolic rate. At room 
tem perature, the usual clothing cre­
ates a therm oneutral environment for 
normal adults, whereas atrophic in­
fants are not able to  m aintain the 
minimal physiological metabolic rate. 
Though wrapped in warm protective 
clothing, marasmic babies kept a t

room tem perature do not even try  to 
approach the minimal level o f basal 
m etabolism necessary for normal 
functions. H eat production by infants 
with an average weight deficiency of 
33.2 per cent is about 30 per cent be­
low the  physiological level.

The therm oneutral zone for infants 
with weight deficiencies exceeding 19 
per cent is a comfortably hum id a t ­
mosphere of 28° to 31°C. H ea t pro­
duction in gravely atrophied babies 
transferred to  such milieu showed a 
rise o f 20 to  25 per cent in 48 hours.

Indifferent tem perature is, accord­
ing to  the  law of therm oregulation, 
th a t  zone of the ambient tem perature 
in which the metabolic ra te  rem ains 
unchanged a t the minimal physiolog­
ical level. I t  has, however, been 
found th a t  the indifferent tem perature 
for m arasmic infants is th a t  zone in 
which the  hitherto subnormal m eta­
bolic ra te  suddenly begins to  rise. The 
more advanced the atrophy, the  more 
rapid the  rise of metabolic rate . D ur­
ing the  very first weeks of their stay 
in the conditioned climate, m arasm ic 
infants begin to grow and approxi­
m ate the  lowest eu trop hie value of 
energy metabolism. Atrophic infants 
do not, therefore, follow the funda­
m ental law of physiological therm o­
regulation.
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