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T he p a ram e te rs  o f th e  v ita l fu n c tio n s  prove beyond a ll d o u b t  th a t ,  
a t  th e  cu s to m ary  w ard  te m p e ra tu re , th e  v ita l  functions of th e  t r u e  m a ln o u r­
ished  in fa n ts  a re  su b n o rm al; in  c o n tr a s t ,  in  response to  the  th e rm o n e u tra l 
c lim a te  a t  29 °C, th e y  acce le ra te  a n d  th e n  norm alize.

T he  d is tu rb an ce  o f  th e  th e rm a l re g u la tio n , w hich develops in  response  
to  th e  e x trem e  physica l d isp a rity  o f  th e  m alnou rished  in fan t a n d  to  th e  in ­
a d e q u a te  en v iro n m en t, is e lim in a ted  in  th e  w arm , com fort c lim a te .

I t  w as p roved  th a t  th e  v ita l fu n c tio n s  (neuroendocrino log ical fu n c ­
tio n , b asa l m etabo lism , blood c irc u la tio n , m etabo lism , a b so rp tio n , u ti liz a ­
tio n , ass im ila tio n , to lerance , e tc .) a p p ro x im a te  th e  physiological lev e ls  in  th is  
m ilieu . T he  levels p rev iously  re p o r te d  in  th e  lite ra tu re  an d  te x tb o o k s  co n ­
cern ing  m alnou rished  in fan ts  w ho h a d  b een  cu red  o f th e ir  a c tu a l  d isease 
w ere n o t  assessed  in  th is en v iro n m en t, b u t  a t  the  custom ary  w a rd  te m p e ra ­
tu re , i.e . u n d e r  in ad eq u a te  co n d itions . A ccord ing ly , such re su lts  a re  n o t  re a l; 
th e y  ra th e r  re f le c t th e  d is to rted  d a ta  on  th e  fo rced  a d a p ta tio n  w h ich  d ev e lo p s 
in  response  to  th e  ch ronic  b u rd e n  o f  th e  aphysiological e n v iro n m e n t. 
T he c o m p ara tiv e  experim en ts  assessing  th e  influences o f the  e n v iro n m e n ta l 
te m p e ra tu re  c learly  d em o n s tra ted  t h a t  th e  physiological m ilieu  fo r  tru e  
m alnou rished  in fa n ts  is th e  co m fo rt c lim a te  a t  e leva ted  te m p e ra tu re  (a ro u n d  
29 °C).

I n  severe in fan tile  m a ln u tr it io n  th e  th e rm oregu la tion  o f  th e  v ita l 
p rocesses is a n  im p o rta n t a n d  decis ive  fa c to r . R ecognition  o f  th e  v i ta l  role 
o f  a  th e rm o n e u tra l com fo rt e n v iro n m e n t sh ed  ligh t on the  b asic  fe a tu re s  o f  
th e  ae tio p a th o g en es is , th e  p a th o p h y s io lo g y  a n d  th e  a d a p ta tio n  m e c h a n ism  
a n d  revea led  th e  on ly  co rrec t m ean s  o f  q u a n ti ta t iv e  and  q u a li ta t iv e  feed ing  
fo r n o rm aliza tio n  o f  deve lopm en t.

In contrast with the ramified endo­
genous conception that had persisted 
for about a century, it was assumed 
that the cause of the inability to gain 
weight was not to be sought exclu­
sively in the endogenous milieu.

From 1951, I was continually oc­
cupied with the thoughts that formed 
the basis of this hypothesis. The es­
sence was as follows: the severe dis­
turbance in weight gain after elimina­
tion of the basic and intercurrent

8*

diseases is not a consequence of an 
exorbitant and aimless breakdown of 
the tissues or wastage of the nutrients, 
nor of a complicated metabolism 
problem. The inability to put on 
weight (disregarding the significant 
group of hereditary and acquired 
systemic diseases) is not maintained 
by a quantitative or functional hor­
mone or enzyme insufficiency, nor 
by atrophy of the heart, nor by a 
deteriorated circulation, nor by a
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274 L  K u lin  : Essence of malnutrition

pathological cell or organ activity, 
but by a previously not recognized 
pathophysiological situation.

The development may be inhibited 
by the customary room temperature 
of 20-22 °C, an inadequate, cold en­
vironment from the aspect of a true 
malnourished patient. The positive 
impulse towards this recognition was 
provided by Kulin’s calculations 
which demonstrated that the usual 
constant ward temperature of 20- 
22 °C means a pathologically cold 
environment for a severely mal­
nourished infant to put on weight. 
A considerable disparity arises be­
tween the surface area and the weight 
of an infant who does not increase 
in weight; apart from the surface 
area/weight disparity, the energy loss 
is enhanced by the fact that the peri­
pheral heat regulation is in very poor 
condition. The adipose tissue has 
already disappeared, or is in the 
process of disappearing. The total 
covering surface area is enormously 
high compared to the body weight. 
The loss of heat by radiation, conduc­
tion and evaporation is enhanced. 
The intensity of heat emission is also 
increased by the radius of curvature 
of the body giving off the heat. 
In atrophy in such an environment, 
the failure of the peripheral heat 
defence system has the consequence 
that there is such an extensive heat 
loss from the free skin surfaces and 
the respiration surface that even warm 
clothing and an increased total diet 
together can not eliminate the result­
ing energy deficit. Well selected pro­
tective clothing does moderate the

heat emission from the external sur­
face of the body, but it can not offset 
the quantity of heat given out via 
the respiratory system. Engel [4] 
reported that the body surface area/ 
volume quotient in adult, neonate 
and premature infants is 0.26, 0.70 
and 0.90 cm-1, respectively; in a 
severely malnourished infant, accord­
ing to the investigations of Kulin and 
coworkers, this value is 0.99 cm-1. 
Having recognized the importance of 
the energetics of heat emission in the 
pathology of malnutrition, I realized 
that the humidity and temperature 
of the air constantly in contact with 
the respiratory system are extremely 
important; it is by no means irrelevant 
whether the temperature of this ex­
ternal air is 20 °C or 30 °C, for in­
stance. At the customarily applied 
room temperature, the malnourished 
infant must devote a large proportion 
of the chemical energy to maintaining 
the body temperature. This is the 
reason why assimilation does not 
occur [9, 10, 11]. My calculations in­
dicated that in such severely under­
weight infants the optimum dietary 
energy requirements are nearly twice 
the physiological requirement: 180- 
210 cal/kg/day [12]. The malnourished 
infant is not capable of the continuous 
consumption of this amount, which 
exceeds the maximum tolerance of 
eu trophic infants (150 cal/kg). Such 
a forced caloric excess may lead to 
an unavoidable catastrophe.

About 700 of our cases proved that 
an environment of around 29 °C, with 
a relative humidity of 60-70%, guar­
antee a previously not observed devel­
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opment for malnourished and de­
generated infants [9, 10, 11, 14, 6, 
33]. The serial results confirmed 
Kulin’s earlier assumption from 1952: 
experience acquired with malnour­
ished infants in the optimal—com­
fort— climatic milieu permits the 
conclusion that the basal metabolic 
level in these cases is strongly depend­
ent on the external temperature.

The pathological state of the body 
of the malnourished infant results 
in a disturbance of the equilibrium of 
the chemical and physical thermo­
regulation, and leads to a pathological 
heat turnover. This “pathological” 
thermoregulation is the consequential 
reason which, after elimination of the 
primary and intermediate causes, is 
responsible alone and without support 
for the malnourished condition and 
for the inability to develop. The organ­
ism does not build up, for it causes too 
great a degree of breakdown. The en­
hanced energy requirement of the 
malnourished infant can not be met 
successfully through an increased in­
take of food. The only realistic solu­
tion is to ensure the physiological turn­
over of the energy by restoring the 
pathological heat turnover.

As far as the environmental factors 
are concerned, an appropriate phys­
iological milieu for malnourished in­
fant is attained by elevating the tem­
perature and the humidity; as a con­
sequence, the excessive burn-up of 
the nutritional and body substances 
ceases, and the organism utilizes the 
materials in question for assimilation. 
The chemical energy released by 
regulation of the heat turnover is

incorporated into the organism of 
the malnourished infant, who will 
therefore put on weight [9, 16, 20].

The effects of the two environments 
on the w'eight curves clearly reveal 
that the temperature is of great im­
portance for the malnourished infant. 
In many cases it was found that there 
was a weight stagnation at the usual 
ward temperature, but a steady 
weight gain at the 28-30 °C climate, 
even though the nutrition in the two 
cases was identical. This is a striking 
evidence that the conditioning of the 
environmental air can lead to a 
decisive effect on the energy turnover 
and on the equilibrium state of as­
similation and dissimilation.

The acute and chronic effects of 
the climate on the vital functions have 
been investigated at the Department 
of Paediatrics in Debrecen since 1952 
[22, 29]. In infants suffering from 
severe malnutrition (decomposition) 
in the appropriately humidified, air- 
conditioned climate at 29 °C, we ex­
perienced that, sometimes within a 
few hours, but generally after several 
days, the passive, motionless, almost 
lifeless body is reactivated, while the 
bradycardia, the bradypnoea, the pal­
lid, leaden complexion, the coldness 
of the extremities and the acrocyano­
sis usually disappear.

It was also found that, in malnutri­
tion involving a weight deficiency 
exceeding 25%, the basal metabolism 
is in general subnormal. Their cal­
culations revealed that the basal 
metabolism in malnourished infants 
with a weight deficiency of 33% was 
about 30% below the physiological
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zone. The vast majority of the mal­
nourished infants do not even attempt 
to attain the physiological basal 
metabolic level, which is the principal 
precondition for undisturbed vital 
functions [16, 29].

The clinical comparative experi­
ments on self-controls at the cus­
tomary room temperature of 20-22 °C 
and in the conditioned milieu at 28- 
30 °C demonstrated that, in response 
to a period of 48 hours spent in warmer 
climatic environment, the basal me­
tabolism referred to 1 kg/body weight 
rose by an average of 12% in the 
moderately severely malnourished 
cases, and by 25% in the severely 
malnourished cases. Their observation 
that the 0 2 consumption is low in an 
appropriately humidified environment 
at 22 °C, but rises in the corresponding 
environment at 28-30 °C, indicates 
that the basal metabolism in mal­
nourished infants follows the body 
surface area law in a paradoxical 
manner [29].

The acceleration and enhancement 
of the basal metabolism in severe 
malnutrition is impressive. This sug­
gests that, even in the most appar­
ently hopeless cases of very severe 
malnutrition, the way is open to the 
assimilative metabolism.

The neurohormonal/radioiodine as­
say studies helped in the final clarifi­
cation of the opposing views that had 
emerged in connection with the inten­
sity of the basal metabolism.

The investigations on radioiodine 
excretion and on the iodine bound 
to the serum proteins quite clearly 
proved that the reduced function ob­

served in the environment at room 
temperature (a hypofunctional hypo­
thyroid state) is not irreversible, even 
in the most severe malnutrition. 
In the thermoneutral, adequately 
humidified environment, the hypo- 
trophic infants decrease their thyroid 
function, in the same way as for the 
eutrophic infants, whereas the mal­
nourished infants increase and then 
normalize their thyroid function.

The I7-ketosteroid, metopyrone- 
test investigations carried out at the 
clinic confirmed that in malnutrition 
the subnormal ACTH production 
found in the environment at room 
temperature, and also the adreno­
cortical function, are increased and 
then normalized by the milieu ther- 
apy.

The fact that the activities of the 
adrenal cortex and the thyroid de­
crease in inadequate environment, 
whereas in the same malnourished 
subjects they increase in the comfort 
climate, is to be regarded as a con­
sequence of the adequate change in 
the intensity of pituitary ACTH and 
TSH production. During the rising 
activity of the pituitary, thyroid and 
adrenocortical functions, the subnor­
mal basal metabolism calculated on 
the basis of unit eutrophic weight cor­
responding to the length of the mal­
nourished infant, accelerates and then 
normalizes; the physiological extent 
of the assimilative metabolism is 
manifested.

Under comfort climate, the dyna­
mics of the circulation normalizes, the 
pulse rate and the respiratory rate 
increase, the arterial and venous blood
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pressures improve, the cardiac output 
rises, the circulation time is shortened, 
the quantity of blood circulated per 
unit time increases, and the cardiac 
performance is elevated by 30%.

The restored 0 2 tension conditions 
set the scene for the restitution of the 
cells. In conjunction with the change 
of the circulation conditions in the 
physiological direction, the absorption 
improves and the degree of alimentary 
transport is enhanced; these play a 
critical role in initiating and con­
tinuously ensuring the ability to put 
on weight. The view of Kulin and 
coworkers according to which in 
malnutrition the equilibrium between 
the circulation and the absorption is 
upset appears acceptable. It is an 
everyday experience that a chronic 
haemodynamic disturbance can in­
hibit growth and weight gain. They 
merely have to consider congenital 
heart disease and the various forms 
of stunted growth in chronic hypo- 
xaemic states. The unfavourable cir­
culation automatically limits the ab­
sorption of the alimentation in the 
case of proportionate growth, but even 
more so in the case of a physical 
disparity. In infants who have been 
cured of their accompanying disease, 
i.e. intact malnourished infants, the 
disturbance in the circulation dy­
namics means that the rate and inten­
sity of absorption are not sufficient, 
The absorption is not automatically 
poor in malnutrition. The absorption 
of the nutrients through the intestinal 
wall does not depend on the circula­
tion. With normal enzyme functions 
for example, there may be an increase

in the permeability of the intestinal 
wall as the temperature rises, which 
naturally leads to better resorption.

The protein balance studies per­
formed at the clinic revealed that, 
after a period of 4-6 weeks in the 
thermoneutral climate, with almost 
the constancy of the nitrogen intake, 
on average there was a considerable 
decrease in the amount of nitrogen 
excreted with the faeces and with the 
urine. These data point to an improv­
ing absorption and a favourable as­
similation. An increase in the quantity 
of protoplasm is indicated by the fact 
that, at the time of a weight increase 
of 1000 g, the retention of the nitrogen 
from the food rose by 121%; further, 
in this period the proportion of the 
extracellular fluid space on a unit 
weight basis fell by 20%.

The analytical data on the alpha- 
amino-nitrogen and the uric acid are 
also indicative of a high degree of 
incorporation of the nutrient con­
stituents.

Between the 10th and the 14th day 
of thermoneutral climatic therapy, 
there was a considerable moderation 
in the manifest hypalbuminaemia, 
the amount of gammaglobulin rose 
significantly, and the enhancement of 
the blood proteins exceeded the in­
crease of the plasma volume.

In response to the climate at 29 °C, 
there is an almost immediate fall 
in the threatening hypoglycaemia. 
In 90% of the cases, the blood glucose 
level rises spontaneously to the nor­
mal range.

The increased basal metabolism in 
the adequate environment is a pre­
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condition for true malnourished in­
fants to put on weight.

The comfort milieu at around 29 °C 
is an indispensable requirement for 
the rational feeding of malnourished 
infants [16]; in this climate, the ali­
mentary tolerance is broadened, the 
appetite improves, and there is an 
optimum increase in the quantity of 
food that can be consumed.

It may be observed that, in an en­
vironment at 20-22 °C, the greater 
the weight deficiency, i.e. the more 
marked the disparity between the 
body surface area and the body sub­
stance, the more subnormal the basal 
metabolism will be; at the same time, 
in the given malnourished infants 
(i.e. with an unchanged body surface 
area) in an adequately humidified en­
vironment at 28-30 °C, the more 
severe the malnutrition, the more 
intensively the heat production ap­
proaches the physiological zone in 
a 48-hour acute experiment. This ex­
perimental finding permits the con­
clusion that, in the customary room- 
temperature (inadequate) environ­
ment, the energy turnover follows 
the Rubner surface area law in a para­
dox way, because of the pathologically 
deteriorated body structure. In a cool 
environment, enhancement of the 
heat production and maintenance of 
the equilibrium state of the physiolo­
gical thermoregulation would need 
amounts of food and body substances 
and a quantity of reserve energy 
which the malnourished infant simply 
does not possess. It must be assumed 
that, at the usual room temperature, 
in the malnourished condition of

malnourished infants, the heat im­
pulses arriving from the external sur­
faces in contact with the air, from 
the bare skin surfaces and from the 
respiratory surfaces are inadequate 
thermal stimuli in a stage of the loss 
of the body substance that can be 
defined well in terms of the weight 
deficiency percentage (PI) [16, 17].

The malnourished infant does not 
follow the fundamental law of phy­
siology in the thermal regulation. 
The basic law of thermal regulation 
states that the indifferent tempera­
ture is a zone of the environmental 
temperature within which the basal 
metabolism does not change, but re­
mains at the physiological basal level. 
In contrast with this, it was found 
that the neutral temperature of 
atrophic infants is the higher zone of 
the environmental temperature in 
which the subnormal basal metab­
olism increases suddenly, the intensity 
of the increase being the more marked, 
the more severe the malnutrition. 
In the course of the chronic warm 
climatic treatment, the basal metab­
olism approaches and then attains 
the limit of the normal range for the 
eutrophic infant and then becomes 
constant at this level [18, 19].

If we are investigating whether the 
neuroendocrinological mechanisms 
regulating the basal metabolism are 
in harmony in severe malnutrition, 
then it must be examined whether the 
decreased function observed in the 
inadequate climate is pathological or 
inevitable. For the maintenance of 
the intensity of the physiological basal 
metabolism in the constantly cool

Acta Paediatrica Hungarica 28, 1987



L K ulin : Essence oj malnutrition 279

environment, a certain quantity of 
reserve energy is needed which the 
malnourished infant simply does not 
possess. If, in this situation, the neuro- 
hormonal system were to function 
with the same intensity as in an intact 
body structure under normal condi­
tions (in eutrophy), it would mechani­
cally follow the body surface area law; 
consequently, the breakdown and 
buming-up of the otherwise con­
siderably diminished protoplasm sub­
stance would speed up to such an 
extent that complete degeneration 
would occur within a matter of days. 
The basal metabolism falls below 
the critical level, and is so low that it 
cannot even maintain the body tem­
perature. In this hypothermic state, 
the malnourished infant drifts into 
the end-stage. To avoid this, his 
organism tenaciously adheres to a 
“fixed” metabolic situation, which at 
the same time is the “maintenance” 
minimum of the basal metabolism. 
The pituitary does not degenerate ir­
reversibly, but adapts to the needs of 
the malnourished organism. The vital 
functions accommodate to this de­
celerated metabolic intensity. The clas­
sical investigators instinctively, but 
without knowing the internal corre­
lations, aptly referred to the reduced, 
but “harmonized” function as vita 
parva [22]. The slowed-down vital 
functions at 22 °C, inadequate climate 
serve merely to maintain life; at the 
same time, then inhibit the weight gain 
and the physiological development. 
This reduced functioning is an inevi­
table forced adaptation to the dimin­
ished alimentary and body substances.

A logical analysis of the facts made it 
clear to the author that the broken- 
down thermal regulation is, in fact, 
not a pathological state sui generis, 
but a defence mechanism. In the ade­
quate humid milieu (the thermo­
neutral climate), the causes and con­
sequences of the disturbance in weight 
gain are eliminated by the acceleration 
of the vital functions, by the appro­
priate quantity of food, and by the 
real distribution and desirable uti­
lization of the alimentary energy; 
these factors create the physiological 
conditions for biological development 
and weight gain. This turning of the 
activity of the organism in the phys­
iological direction is a purposeful 
adaptation. This broad amplitude of 
adaptation proves that the severely 
malnourished organism is capable of 
participating with an imposing degree 
of efficiency in the regulation of the 
vital processes [24].

In severe infantile malnutrition, 
the thermoregulatory adaptational 
mechanism is closely correlated with 
the organ systems and the climatic 
environment.

The pituitary, thyroid, adrenocor­
tical system is a system regulating 
the economy of the utilization of the 
energy, i.e. the metabolic intensity 
corresponding to the requirements. 
On the basis of the clinical observa­
tions and the experimental study of 
this system, it must be assumed that 
the chronic cold impulses arriving 
from the surfaces in contact with the 
environmental air, the bare skin sur­
face and the respiratory surface, act 
in a braking manner via the hypo-
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thalamus in a well-defined critical 
stage of the loss of the body substance, 
influencing the hormonal system reg­
ulating the physiological basal metab­
olism. A change in the environmental 
temperature acts as a peripheral im­
pulse through the mediation of the 
thermoreceptors. Through these im­
pulses, the vegetative nervous system 
economically regulates the functions 
of the organs and organ systems by 
hormonal means in severe malnutri­
tion, too [29].

The recognition of the adaptational 
mechanism opened the way to the 
understanding of the pathogenesis 
and pathophysiology involved in se­
verely malnourished infants, and de­
monstrated the only rational way of 
alimentation to attain development 
and weight gain. It became obvious 
that there is a pathological condition 
in extremely malnourished infants 
who have been cured of their actual 
diseases, due to which their vital 
functions are slowed down to a state 
of “vita minima”; in this condition, 
the thermoneutral climate proved to 
be an effective therapeutic factor, by 
normalizing the vital functions of 
the organs and organ systems [29].

By means of bedside observations 
and exact experiments, the author 
and coworkers confirmed that the 
comfort climate resolves those in­
hibitory factors which maintain the 
disturbance of the weight gain. Their 
comparative clinical and experimental 
observations on self-controls in the 
inadequate and adequate environ­
ments quite clearly indicate that the 
cause of the different parameters in

the organism of malnourished infants 
cured of their actual diseases from 
the analogous parameters in healthy 
eutrophic infants with a normal body 
structure is to be sought in the organic 
changes and in the pathological func­
tional disturbances. I f these differ­
ences in function and in the physiolo­
gical constants were the consequences 
of similar pathological events, it would 
hardly be possible to observe that 
the inability to develop (which is 
otherwise impossible to influence in 
the vast majority of the cases) gives 
way to continuous development in an 
about-turn manner in many instances 
merely in response to the adequate 
climate.

The research which had previously 
been carried out world-wide had not 
led to a satisfactory result. My inves­
tigations from 1962 on showed that 
the earlier work had not clarified the 
essence of infantile malnutrition. 
A logical interpretation of the results 
of our research work taking into con­
sideration the scientific requirements 
had revealed ingenuously that the 
vital functions in malnutrition are 
organized by the climatic therapy. 
This is such a deciding factor that 
the prospects for life and development 
of the previously hopeless cases, 
the infants suffering from severe 
malnutrition, were improved to an 
extent that was earlier not dreamed of.

My clinical observations and ex­
perimental results have stood the 
test of time. My experience with the 
application of the optimum thermo­
neutral environment of 29 °C in in­
fantile malnutrition has been reported
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in virtually all of the scientific world- 
languages, and has become part of 
various foreign monographs and text­
books.

Both fundamental detections as 
pathogenesis, climatic therapy, and 
particular recognitions, as revealing of 
pathophysiology, adaptational mech­
anisms, rational feeding, achieved a 
respect internationally: Betke К [1], 
Brooke 0  G et al [2, 3], Ewerbeck H 
[5], láncú A [6, 7], Kleinschmidt H 
[8], Maslov M S [31], Ponomaryeva 
P A and Grechishnyikova L V [32], 
Thurau R [33].

The majority of publications I have 
written since my retirement have had 
the aim of confirming my original dis­
coveries relating to infantile malnutri­
tion [20, 21, 22, 23, 24, 25, 26, 27, 28, 
29]. Everything has shown that this 
solution of the earlier problems of 
curing infantile malnutrition is a 
correct one.

It is impossible to give a detailed 
survey, because of the myriad wide- 
ranging and often contradictory re­
sults and data that have accumulated 
over the years. However, the sys­
tematic elucidation of the mechanism 
of action of thermal regulation and 
the thermoneutral milieu has demon­
strated those factors that aggravate 
the pathology of the basic process in 
infantile malnutrition as well as those 
functions that take place of necessity 
in the interest of maintaining life and 
of promoting the development of the 
body.

Figures 1 to 11 reveal the fates of 
malnourished infants who had weight 
deficiencies of 23-30%. The data

given are the energy quotient (EQ =  
=  calorie per kg), the body tempera­
ture, the weight curve and the devel­
opment quotient (DQ =  fraction of 
optimum body weight for age). The 
section to the left of the thick vertical 
line relates to the time in the climate 
of 22 °C, while the section to the 
right of it reflects the period spent at 
the climate of 28-30 °C.

In Figs 10 and 11, the vertical thick 
dashed line denotes the commence­
ment of the non-ventilated “semi­
conditioning”.

To prove that the excellent effect 
of the conditioned milieu is not to be 
ascribed primarily to the ventilation 
(the elimination of catarrhal and other 
infections), but rather to the humid­
ity-rich high-temperature atmosphere, 
some infants were placed in non- 
ventilated rooms, in which a tem­
perature of 28-30 °C and an appro­
priate humidity were attained by 
primitive means. These infants, too, 
underwent considerable weight gains, 
as illustrated by cases 20 and 21, 
in whom there had been a tendency 
to irreversibly severe malnutrition. 
Before these cases are discussed, 
several points must be mentioned.

It is obvious that the “closed”, non- 
ventilated milieu is not appropriate, 
because of the danger of volatile infec­
tions. Ventilation is an advantageous 
supplement to the conditions of the 
cure (by reducing the possibility of 
droplet infection), but a highly-trained 
nursing staff and up-to-date care are 
indispensable.

Figrse. 10,11 resp. cases 20, 21 dis­
played the criteria of severe malnu­
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trition. Before case 21, a 3 % month-old 
infant, was transferred to the climate 
ward, there was a rapid and exten­
sive weight loss, which exceeded the 
Quest number. In this case too, entry

into the comfort climate was followed 
by a continuous weight gain.

As seen in Figs 12-15, the 0 2 con­
sumption over a 48-hour period at 
constant conditioning of 28-30 °C was

Age , weeks

90 110 120 120 110 115 130 130

F ig . 1. C ase  8. D iseases: h y p o a lim e n ta tio n ; w eek 7: b ro n c h itis ; w eek 8: e n te ro c o litis  
o ti tis ;  w e e k  10: m asto id itis , a n tro to m y  1 .u ., pos.; w eek  11 : en te r itis ; w eek 12: b ro n ch io li­
tis ; w e e k  18: b ronch itis , o to rrh o ea . T he  w eight s ta g n a te d  fo r 8 w eeks. Follow ing th e  age  

o f  13 w eeks, there  w as a  s a tis fa c to ry  d ev e lo p m en t a t  th e  com fort climate

Age , weeks

800 -  Milk 

4 0 0 1— TJ

Vegetables, 
-^em o lirv

Ш
Mother- milk

UUIC5r v _ j ---

I ‘ U n m i l k

EO 100 120 M0160 150 M0 110120 M0

F ig . 2. C ase  9. D iseases: w eek 10: b ro n ch itis , la te n t o t i t is ;  w eek  11: m asto id itis , a n tro to m y  
l.u . p o s ., th r u s h ;  w eek 12: b ro n c h itis ; w eek 14: b ro n ch io litis , c ircu la to ry  fa ilu re ; w eek  15: 
e n te r i t is ;  w eek  17: en teroco litis . T h e  d u ra tio n  o f w e ig h t s ta g n a tio n  (w eight fa ll) w as 8 
w eeks. D u r in g  6 weeks a t  th e  th e rm o n e u tra l c lim ate  fro m  th e  age o f  14 w eeks, th e  w e ig h t

gain  w as 1200 g
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Age , weeks 
12 24 26 28 3 0 32 34 36

^  800 

8 400

Lacto В

1/2 milk Adapta t Z

EQ 90 -  100 -  110 8 0 -9 0 -Ю0 110-130-140

F ig . 3. Case 12. D iseases: w eek 22: e n te ro co litis , d eh y d ra tio n ; w eek 23: o t i t i s ;  w eek 24: 
m as to id itis , a n tro to m y  l.d  pos.; w eeks 27—28: g r ip p e ; w eek 35: fu runcu lo sis, cy s topye litis . 

T he w e ig h t ga in  in th e  th e rm o n e u tra l c lim ate  was c o n tin u o u s

Age .weeks

37 °C A ,

800 . Vegetables ->
- Semolina-,

EQ

A 1/2 milk I ' j/3
Ä r n i lk

112 110 120 120 125 120

A - Mother- milk

F ig . 4. Case 2. D iseases: th e  r ig h t a rm  w as b ro k e n  a t  b ir th ; week 3: e n te ro c o li tis ; w eek 5: 
b ro n ch itis , o ti tis ;  w eek 7: en teroco litis; w eek  9: dyspepsia  coli 0111 in fe c tio n , d iarrhoea , 
d eh y d ra tio n , w hich  w ere cured w ith in  10 d a y s . A p a r t  from  a tra n s ito ry  te m p e ra tu re  rise, 
tra n s fe r  in to  th e  h ig h e r-te m p e ra tu re  c lim a te  w as preceded by  a  2 0 -d ay  sy m p to m -free  
p eriod . F o r  2 m o n th s  follow ing th e  b ir th  th e  w e ig h t had  s tag n a ted , b u t  d u r in g  6 weeks 
a t  29 °C th e  w e ig h t ga in  w as 1300 g an d  th e  a v e ra g e  ra te  o f w eight g a in  ex ceed ed  th a t  for 
eu tro p h ic  c o u n te rp a rts . A t hom e, d u rin g  th e  5 w eeks following the  d isch a rg e , u p  to  th e  age 
o f  6 m o n th s  th e  w e ig h t increased from  4500 g  to  5550 g, while th e  D Q  ro se  fro m  0.65 to  
0 .73. T he m o n th ly  w eig h t gain  w as 900 g. T h e  b o d y  leng th  increased b y  4 cm , in  p lace o f 

th e  increase fo r age o f  1.6 cm . T he in fa n t rem a in ed  h ea lth y , w ith  a  good  a p p e ti te
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284 L  K ulin  : Essence of malnutrition

fluenced the heat production, the ef­
fect of the 24-hour conditioning re­
sulted in a considerably increased 0 2 
consumption. The increase after 48 
hours was even more marked.

Age , weeks 
22 24 26 28 30 32 34

5000 

4600 

4200 

3800 

3600 __
37°C N
EQ 98 140 128 125 125 133 128120

studied, together with comfortable 
humidity; measurements were made 
after 0, 24 and 48 hours.

The Figs demonstrate that whereas 
the 0-hour conditioning scarcely in­

F ig . 5. C ase  3. D u rin g  4 w eeks in  th e  n o rm a l- te m p e ra tu re  c lim a te  a fte r  a n  in fec tious 
febrile  s t a t e ,  th e  in fan t lost 500 g. T h is  w as followed b y  a  g a m  o f  200 g, b u t there  w as th e n  
a  fu r th e r  w e ig h t loss. A  co n tin u o u s  w e ig h t gain  w as n o t  to  b e  expec ted  a f te r  th e  g iv en  
h is to ry  a n d  a  fu r th e r  febrile  p e rio d . A t th e  cu s to m ary  w a rd  te m p e ra tu re , th e  s i tu a t io n  
a p p e a re d  r is k y  a n d  hopeless. A t th e  h ig h e r-te m p e ra tu re  c lim a te , w ith o u t a  re s to ra tio n  
in te rv a l, th e r e  w as a n  im m ed ia te  w e ig h t gain , w hich a m o u n te d  to  1200 g in 6 w eeks. 
I f  th e  in f a n t  h a d  en te red  th e  la t te r  c lim a te  a t  th e  ag e  o f  26 w eeks, i t  m igh t h av e  b een  

conce ived  th a t  th e  w e ig h t w as rising  in  th e  p o s t- re s to ra t io n  period

Age , weeks
6 8 10 12 14 16 18 20

F i g . 6. C ase  19. T he rap id  w e ig h t lo ss o f  400 g a t  in a d e q u a te  c lim a te  w as in s ta n tly  rev e rsed  
a t  c o m fo rt c lim a te  an d  d ev e lo p m en t com m enced a t  once . T h e  favou rab le  effect w as n o t  
in h ib ite d  b y  th e  su b seq u en t b ro n c h itis , pyelitis  an d  p y o d e rm a . D uring  11 w eeks, th e

w e ig h t ga in  w as 1400 g
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Age, weeks

F i g . 7. Case 26. J .  G y., aged  2 y2 m o n th s . I n  th e  cu s to m ary  22 °C w ard , he  re sp o n d ed  to  
a  calorie  in ta k e  increase w ith  a  v e ry  severe  loss in  w eigh t. A t com fort c lim a te  fro m  th e  age 
o f  17 w eeks, h is w eigh t in itia lly  s ta g n a te d . T h en , a f te r  a  tran s itio n a l b re a k  b e tw een  th e  
ages o f  21 a n d  24 w eeks, h is w eig h t g a in  in  response  to  th e  b u rd en  o f th e  e x tr a  ca lo rie  load 

w as u n d is tu rb ed . T he  w e ig h t defic iency  fell from  39%  to  21%

Age .weeks
2 A 6 8 10 12 14 16 18 20- 22 24 26 28

EO £  £  g  g

F ig . 8. Case 29. V. P . A d m itted  a f te r  4 d ay s  o f  h igh  te m p e ra tu re , v o m itin g  a n d  oedem a. 
A p ic tu re  o f  chronic  sepsis w as seen . H e  recovered  slow ly an d  in s tag e s  a f te r  t r e a tm e n t 
o v e r 6 w eeks. H ow ever, th e re  w as no  d ev e lo p m en t. Fo llow ing  his tra n s fe r  to  th e  29 °C 
co n d itio n ed  in cu b a to r, he  im m ed ia te ly  began  to  p u t  on w eigh t s te ad ily . I n  20 w eeks, 

his w eigh t defic iency  decreased  from  27%  to  17%
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Age .weeks

ИЭиЭШГ'чСПГ'.— U4-—U'l'-IUl^TOr-jOU 
C.U r v í n n f ^ f N t N t N n n i / H f l ' J v J v ű i / H D l í

F ig . 9. C ase 31. B . S., ag ed  3 m o n th s . A d m itted  to  th e  22 °C w ard  w ith  sy m p to m s o f 
b ro n c h it is , fever and  v o m itin g . H e  g o t over th e  ac u te  d isease , h u t  his w eigh t g a in  in  6 
w eek s w as  on ly  70 g. A t c o m fo rt c lim a te , h is deve lo p m en t p roceeded  sa tisfac to rily . D u rin g  

12 w eeks, th e  w eight d e fic ie n c y  m odera ted  from  2 0 %  to  10% , as he gained  1500 g

Age , w eeks 
U 6 8 10

F i g . 10. C ase 20. D iseases: fo rcep s  delivery ; w eek 2: a n o re x ia , som nolence; w eek  3: severe 
e n te ro c o li tis , b ron ch o p n eu m o n ia , m a ln u tr itio n . T he w e ig h t fell considerab ly  a f te r  b ir th . 
D u r in g  th e  sem i-cond ition ing  a n d  th e n  the  v e n tila te d  co n d itio n in g , th e  av e rag e  m o n th ly  
w e ig h t g a in  w as 1250 g. I n  th e  d es irab le  clim ate a n d  a t  h o m e , th e  w eigh t rose fro m  2000 g 
to  6500  g  in  3 y2 m o n th s. T h e  D Q  increased  from  0.56 to  1.12. T he  len g th  increase  w as 
11 cm , in s te a d  o f th e  in c rease  fo r  age o f 5.5 cm . T h e  in f a n t w as good-hum oured  an d  

v e ry  liv e ly , a n d  w as able to  s i t o n  a n  a d u l t ’s a rm
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Age , weeks 
К  16 18 2 0  22 24 26

F i g . 11. Case 21. D iseases: s ince  b ir th  th e  b rea th in g  w as s tr id u lo u s  a n d  b ro n ch ia l in  n a tu re ; 
w eek 11: b ro n ch itis , severe  en te ro co litis , o titis , a n tro to m y , b ila te ra l a n tru m  em pyem a, 
le f t b rach ia l necrosis; w eek  15: pn eu m o n ia ; w eek 20: fu ru n cu lo sis . W e ig h t s ta g n a tio n  of 

w e ig h t loss fo r 3 m o n th s a f te r  th e  b ir th

The black columns in Figs 12-15 show 
that the enhancement of the energy 
turnover was even more striking in 
the most severely malnourished cases. 
The lasting effect of the environ­
mental temperature appears to be 
a deciding factor in the peripheral 
(physical) heat regulation of the 
malnourished infant.

Since each malnourished case served 
as its own control, the individual dif­
ferences, i.e. the disturbing effects of 
the external and internal factors of 
the body structure, were totally 
eliminated. As a consequence, it was 
virtually unimportant whether the 
0 2 consumption was referred to the 
surface area, the weight or the length 
of the body. No matter which body 
unit was taken as the basis of reference 
the direction of the intensity of the 
energy turnover in response to the 
climatic change was the same.

Much research has been carried out 
on the basal metabolism of malnour­

ished infants. I considered that the 
solution of the very disputed problem 
of the data obtained did not depend 
exclusively on the careful selection of 
the patients to be examined, the ap­
plication of ever better technical 
methods and the results we published, 
but also on a comparative analysis of 
the basal metabolism and neurohor­
monal values found under fixed ex­
perimental conditions.

Figure 16 gives the mean 24-hour 
values for the excretion of 131I in the 
urine from eutrophic, mildly malnour­
ished and more severely malnourished 
infants after acclimatization at the 
customary room temperature of 20- 
22 °C, and after a period of 2 months 
in an appropriately humidified climate 
at 28-30 °C. The Fig. reveals that, 
in response to the humid, warm cli­
mate, the mildly malnourished infants 
behave in the same way as the 
eutrophic infants, whereas the truly 
malnourished infants behave differ-
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288 L  K u lin  : Essence of malnutrition

F ig s  12—15. E ffects o f an  a ir -e x c h a n g e , com fo rtab ly  h u m id ified  c lim atic  en v iro n m e n t a t  
28-30 °C on  th e  h e a t  p ro d u c tio n  o f  m a ln o u rish ed  in fan ts
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F ig . 16. A verage 24-hour ex cre tio n  o f  131I  in  th e  u rin e  from  eu troph ie , m ild ly  m alnou rished  
an d  tru ly  m alnou rished  in fa n ts  a t  a  room  te m p e ra tu re  o f  20-22 °C (em p ty  co lum ns) an d  
a f te r  a  period  o f  2 m o n th s  in  a  co m fo rtab ly  h u m id if ied , a ir-exchange a tm o sp h e re  a t  28 -

30 °C (b lack  co lum ns)

F io . 17. A verage 24-hour excre tion  o f  131I  in th e  u rin e  from  eu troph ie , m ild ly  m alnou rished  
a n d  m ore severe ly  m alnourished  in fa n ts  in  a n  en v iro n m en t a t  20 -22  °C

ently. From a comparison of the final 
pair of columns in Fig. 16 with Figs 
12-15, it may be stated that the warm 
climate affects the basal metabolism 
and iodine exchange of atrophic in­
fants in the same direction.

Figure 17 depicts the average 24- 
hour excretion of 131I in the urine 
from infants in an environment at 
the customary room temperature. 
It can be seen that the thyroid of the 
malnourished infants stores about 
80% less iodine than the thyroid in 
mildly malnourished infants, and

about by 90% less iodine than that 
in the eutrophie controls. Figure 17 
confirms the correctness of our earlier 
finding that, no matter what the body 
unit to which the 0 2 consumption is 
referred (the body surface area, the 
weight, or the ideal weight corre­
sponding to the length), the basal 
metabolism in malnourished infants 
is low relative to that in either 
eutrophie or mildly malnourished in­
fants.

The excretion of 17-ketosteroids 
was studied in adequate and in in-
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A ge, weeks
36 3Ô Д0 42 44 46 48

370CH , , . . , . > ............
EQ 90 105 120 130 150 160-180 160 150

%  5200

•5 4800 
$

4400 

4000 

37°C

EQ 90 100 120-140160-180 170 160 150

F i g s  18, 19. Cases 35 and  36. T w o o ld e r m alnou rished  in fa n ts  w ho p u t  on w eigh t to  th e  
acco m p an im en t o f  a n  excellen t a lim e n ta ry  to lerance

Age , weeks 
46 48 50 52 54 56 58

adequate climatic environments in 
infantile malnutrition. The clearly 
low 17-ketosteroid excretion at the 
inadequate (20-22 °C) environmental 
temperature underwent a significant 
enhancement in the thermoneutral 
climate (generally rising by a factor 
of 2, or even 3).

We explain the ability of the 17- 
ketosteroid excretion to rise in the 
comfortably humidified environment 
at 29 °C, and to remain lasting at 
a normal level, in terms of the intact­
ness o f the ACTH-adrenocortex axis; 
support was lent to this by the result 
of our ACTH reserve studies to date.

All textbooks earlier stated quote 
definitely that the optimum caloric

needs of an infant decrease from 120 
cal/kg/day in the first few weeks of 
life to 70 cal/kg/day by the end of 
the first year. The experience I ac­
quired from the use of the climatic 
milieu convinced me that the phys­
iological restriction of the alimentary 
capacity is only apparently dependent 
on the age; in fact, it is dependent 
on the physical development and the 
biological maturity. This is confirmed 
by the fact that the optimum nutri­
tional uptake in malnourished infants 
treated in the adequate climate was 
rarely less than 120 cal/kg/day, in­
dependently of whether the infant was 
6-8 weeks of age or much older (8-12 
months). I f the energy needs were
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a function of the age and not of the bio­
logical maturity, the older malnouri­
shed infant would not put on weight 
even in the thermoneutral climate.

Thanks to this directed adaptation, 
in the climate the older malnourished 
infant too is able to consume and 
utilize a considerable quantity of 
food, in an undisturbed way, without 
undergoing any harm.

29 of our cases displayed a gain 
in weight at an actual calorie intake 
excess of 10-30 cal/kg/day. To illus­
trate the therapeutic effect, Figs 18, 
19, cases 35 and 36 were outstanding 
examples of subjects with an impos­
ing alimentary capacity who were 
kept in the climate. This broad range 
of alimentary capacity is a feature of 
the intact metabolic function. How­
ever, the ability of the organs of a 
severely malnourished in fant to func­
tion is revealed only in the thermo­
neutral environment. The paradoxical 
negative responses frequently observed 
in the customary milieu did not 
ensue in a single case in the thermone­

utral climate, in spite of the immense 
quantities of food.

If the heat production is followed 
in Fig. 20 as a function of the weight 
deficiency, it is seen that, at the cus­
tomary room temperature (column I 
for the various groups), from a certain 
point (group 3) the average heat 
production falls below the eutrophic 
level, and that, with increase of the 
percentage weight deficiency (groups 
3-7) at room temperature (column I), 
the heat production gradually di­
minishes. The heat production of 
the severely malnourished cases 
(groups 6 and 7) at room temperature 
is well below the normal range. It is 
noteworthy that the individuals in 
group 1, with a relatively insignificant 
average weight deficiency of 5%, 
displayed very considerably differing 
weight gain indices: 46-103. As con­
cerns the heat production, however, 
they behaved like the eutrophic in­
fants. In response to 24 hours in the 
warm climate, their energy turnovers 
decreased to the maximum extent

Groupl Group 2 Group 3 Groupé Group 5 Group 6 Group 7

DQ range 0 46-0.6H03 096-0.6-1

оvjО

059-0.72 0.98-0.72 QA6 072 0A6-062
Average DQ 0 69 0.5 A 060 0 69 0 58 056 0 5A
Weight deficiency 
range ,*/. ) . 5 - 9 10-19 12- 2A 20-2A 20-29 36-A0 30-A0
Average weight 
deficiency ,*/. j 5 0 150 19.5 22.0 2A0 31.0 33 2

F ig . 20
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Age , weeks 
22 24 26 28

F i g . 21. T h e  un iform ly  in c rea s in g  n itro g en  in c o rp o ra tio n  is followed b y  a  sa tis fa c to ry  
co n tin u o u s g a in  in  w eigh t in  th e  co m fo rt clim ate

within the physiological limit. 
In group 2 (individuals with a weight 
deficiency of 10-19%, on average 
16%), the heat production in the 
warm climate did not differ from the 
normal value measured at room tem­
perature. In the individuals in groups 
3-7, the heat production was always 
elevated intensively, roughly in paral­
lel with the percentage increase in the 
weight deficiency, after 0 hours (II), 
24 hours (III) or 48 hours (IY) in the 
climate. The heat production in group 
7 (average weight deficiency 33.2%) 
started from a low value, and had 
progressively increased by 25% after 
48 hours. The Fig. also shows that 
the larger the weight deficiency in the 
20-22 °C environment, the more sub­
normal the basal metabolism; in the 
same malnourished infants at 29 °C, 
appropriately humidified environ­
ment, the more severe the malnutri­
tion, the more intensively the heat

production approaches the physiologi­
cal zone in the 48-hour acute experi­
ment. The detailed data are to he 
found in Table III of the monography.

Figures 21, 22, in each pair of 
columns, the blank column gives the 
amount of nitrogen consumed, while 
the shaded and the black part of the 
adjacent column show the amounts 
of nitrogen excreted in the urine and 
in the faeces, respectively.

As concerns the case history of 
the malnourished infant with Leiners 
disease, it should be stated that this 
patient was admitted to the climate 
ward at 22 °C at the age of 7 weeks. 
The cutan lesions responded satis­
factorily to local and general treat­
ment. However, in spite of a series of 
plasma and blood transfusions, the 
general condition of the infant became 
progressively more serious, and the in­
cessant loss of weight led inexorably 
towards very severe malnutrition.
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At the age of 11 weeks, the infant was 
transferred to the thermoneutral cli­
mate. Nitrogenbalance examinations 
at that time revealed a very low reten­
tion. The high contribution of the 
faecal nitrogen to the total nitrogen 
excretion was striking. When the sec­
ond series of measurements were 
made, the protein consumption has 
doubled, whereas there was no change 
in the nitrogen retention, because of 
the considerable excretion. However, 
there was a substantial alteration in 
the proportions of nitrogen excreted 
in the faeces and in the urine. The im­
proved nitrogen utilization was ac­
companied by the commencement of 
weight gain (Fig. 22). Between the 
ages of 7 and 11 weeks, our Leiner’s 
disease patient lost 900 g in the cus­
tomary ward milieu. In such an en­
vironment, we could have little hope 
not only as regards weight gain, but 
also for survival. Nevertheless, the 
transfer to the thermoneutral climate 
was accompanied by the dramatic and 
immediate cessation of the rapid and

apparently fatal loss in weight. Fol­
lowing this, despite the severe metab­
olic disturbance, there was a tendency 
(admittedly a slow one) towards a 
gain in weight. In parallel with the 
restoration of the protein metabolism 
(nitrogen balance), there was a weight 
gain of 1300 g between the ages of 22 
and 30 weeks; this can be said to be 
an ideal development.

It was found in several patients 
that, after healing of the dermal 
phenomena in the cases of malnutri­
tion associated with Leiner’s disease, 
the improvement of the protein in­
corporation was inhibited for various 
periods by the metabolic disturbance 
involved.

When we discovered that, at the 
time when our malnourished infants 
exhibited a weight gain o f 20-30%, 
the amount of retained nitrogen was 
more than doubled relative to the 
initial level, it was apparent that the 
nitrogen breakdown had been replaced 
by nitrogen incorporation. In every 
case, the nitrogen retention per kg

Age, weeks
8 10 12 12 16 18 2022 24 26 28

F ig . 22. T h e  change in  p ro te in  inco rp o ra tio n  in th e  co m fo rt clim ate fo llow ing th e  m e ta  
bolic d is tu rb an ce  a c c o m p an y in g  L e in e r’s disease
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body weight rose in this climate, 
often by a factor of 2-4 times (e.g. 
Fig. 22).

It may be seen that, in response to 
treatment in the thermoneutral en­
vironment for 6-8 weeks, which re­
sulted in an average weight gain of 
1000 g, the nitrogen retention in­
creased by 121%. The extent of the 
improvement in the retention varied 
from case to case: in general, the lower 
the initial retention level and the 
greater the extent of the malnutrition, 
the more striking the improvement 
was.

It is not surprising that, at the end 
of climatic treatment for 7 weeks, 
after an appreciable gain in weight, 
i.e. when the infant is already mildly 
malnourished, the nitrogen consump­
tion per kg body weight is less than 
at the beginning of treatment. The es­
sence is always the same: if  the infant 
develops nicely, then he utilizes a suf­
ficient quantity, even if there are 
fluctuations in the individual phases 
of weight gain. Overall, every infant 
organism incorporates as much pro­
tein as is possible in the given situa­
tion, and as much as necessary in the 
various stages of development. What is 
the explanation (Kulin and Ludmány 
1957) of the fact, that, at thermoneut­
ral climate, some of the malnourished 
infants developed twice of the normal 
average tempo (1000 g per month; 
e.g. Fig. 21) with half nitrogen reten­
tion (30-35%)? No matter how we 
evaluate our data, we cannot reduce 
the complex processes of development 
of malnourished infants to a single 
numerical parameter. Even at the end

of the climatic treatment, our mal­
nourished patients had not attained 
the retention levels characteristic of 
eu trophic infants. When the malnour­
ished infant has put on appreciable 
weight in the climatic environment, 
he is still only mildly malnourished 
(hypotrophie). Accordingly, the vari­
ous parameters relating to the body 
development (including the nitrogen 
retention) are not necessarily the 
same as in the eutrophic case.

The reason why we were the first 
who were able to carry out series of 
nitrogen-balance examinations on 
malnourished infants who were put­
ting on weight is due primarily to the 
fact that truly malnourished infants 
only exceptionally demonstrated a 
weight gain in any country at that 
time. Following the introduction of 
the application of the thermoneutral 
climate, we had abundant material al­
lowing us to follow the protein utiliza­
tion both during weight stagnation in 
an inadequate climate and during the 
various stages of weight gain in the 
comfort climate.

Figures 23 and 24 depict the cir­
culating blood protein values cal­
culated on an actual weight basis and 
on the basis of the desirable weight 
corresponding to the length of the 
malnourished infant, respectively. 
These Figs again draw attention to 
the fact that it is preferable to refer 
the parameters not to the actual 
weight, but rather to the average 
weight corresponding to the length of 
malnourished infants. A comparison 
of these two Figs reveals that the 
data in Fig. 24 approximate much
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Alb. mg/kg Glob.

F ig . 23. C ircu la ting  p ro te in  values referred  to  th e  a c tu a l w eigh ts o f  th e  m alnourished
in fa n ts , before c lim atic  tr e a tm e n t  ( ---------) a n d  a f te r  tre a tm e n t in  th e  th e rm o n eu tra l

en v iro n m en t for 10-14 d a y s  (. —. —.). T he n o rm a l va lues a re  show n b y  th e  circle

Alb. nng/kg

F ig . 24. C ircu la ting  p ro te in  v a lu es referred  to  th e  av e rag e  w eigh t co rresp o n d in g  to  the 
len g th  o f  th e  m alnou rished  in fa n ts , before c lim atic  tre a tm e n t ( --------- ), a n d  a f te r  tre a t­
m e n t in th e  th e rm o n e u tra l e n v iro n m en t for 10—14 d ay s  (. —. —.). T he n o rm a l va lues are

show n by  th e  circle

more closely the real situation. 
The normal values are denoted by 
the circle drawn in a continuous line; 
the data relating to a room-tempera­
ture of 20-22 °C are denoted by a
dashed line (-------- ); and the data
relating to the thermoneutral climate 
at 28-30 °C are denoted by a line con­
sisting of alternating dots and dashes 
(. —.—.). In a clockwise direction 
(starting at 9 o’clock), the diagrams 
present data on the plasma volume, 
the total protein, the albumin, the 
globulin, the alpha1-globulin, the 
alpha2-globulin, the beta-globulin and 
the gamma-globulin.

These studies were carried out after 
10-14 days in the warm environment. 
Within this time, both in the cases 
who had put on weight and in those 
of who had not yet done so, there were 
clear increases in the plasma volume 
and the circulating total protein, 
the manifest circulatory hypalbumin- 
aemia had disappeared or moderated 
significantly, the amount of gamma­
globulin had increased considerably, 
and the blood protein production was 
enhanced.

The cause of the reductions in the 
circulating plasma and protein at the 
customary room temperature is that
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the blood participating in the circula­
tion adapts to the low energy turnover 
and therefore circulates at a decreased 
rate; part of the plasma stagnates 
in the blood storage sites, and some 
of its properties serve possibly other 
purposes.

In the humid, warm milieu, the 
previously inactively “stored” plasma 
is driven into the accelerated circula­
tion following the rising energy turn­

over. The intensive plasma replace­
ment is also followed by plasma pro­
tein formation. The redistribution of 
the plasma and blood proteins con­
tributes significantly to the resolution 
of the disturbance in weight gain, and 
to the development of physiological 
assimilation.

It is seen, therefore, that, in re­
sponse to the warm environment in 
the initial stages after transfer to the

cn 4.0
In an environment at 2 2 ° C

Schem a A

In the climatic environment a t 29°C
.
-  Weight curve

3.6
3.4

Kulin
Scheme 8

Schem es A a n d  B : A lim e n ta ry  tolerance in  in fa n ti le  m a ln u tr itio n
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K l«. 25. Case 37. D iseases: w eek 9: p n eu m o n ia ; w eek  11: o titis ; w eek 14: m as to id itis , 
b ila te ra l a n tro to m y ; w eek  31: m a ln u tr itio n , p n eu m o n ia , o to rrh o ea . A t th is  s tag e  h e  w as 
a d m itte d  to  th e  n o n -c lim atized  w ard  o f o u r clinic. I n  w eek  34, on  th e  d ay  on  h is  tra n sfe r 
to  th e  com fo rt c lim ate , re a n tro to m y ; o steom yelitis  a n d  pn eu m o n ia  m ig ran s developed , 
an d  pers isted  fo r 2 ]/ 2 m o n th s . T h is in fa n t, who rece iv ed  th e  sam e d ie t in  th e  sam e a m o u n t 
p e r  kg  bo d y  w eigh t in  th e  ro o m -tem p era tu re  w a rd  a n d  in  th e  th e rm o n e u tra l c lim ate , 

su ffe red  from  a  series o f in te rc u r re n t in fec tions

thermoneutral climate, both types of 
proteins undergo an increase. 
The quantity of blood protein is 
almost completely normalized, but 
the physiological ratio of the albumin 
and globulin is still far from being 
established. At the beginning of the 
climatic treatment, the serum proteins 
with the two different dispersities 
do not accumulate to the same extent. 
The increase in the more finely- 
dispersed albumin in response to the 
warm environment is by 22% greater 
than that in the total globulin. This is 
clearly correlated with the fact that 
the albumin is formed and reformed 
at a much higher rate than in the case 
of globulin.

The Pirquet-Darrow scheme re­

veals the alimentary tolerance as well 
as the weight curve of malnourished 
infants cared at a customary ward 
temperature, while Kulin’s scheme 
shows these data of atrophic infants 
cared in thermoneutral comfort cli­
mate. On the graph of scheme A it is 
perceivable that, in malnutrition 100 
cal pro kg/body weight leads to toler­
ance exceeding. In contrast, from the 
corresponding graph in scheme В it is 
obvious that, in comfort climate, this 
situation does not attain the tolerance 
limit of 200 cal/kg. However, my “bio­
logical” energy calculations [12] de­
monstrated that 150 cal/kg in extreme 
malnutrition roughly corresponds to 
the 120 EQ value of eutrophics. If the 
upper limit of tolerance in eutrophy is
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150 cal/kg/day, then, on the basis of 
the principle of equivalence, the upper 
limit o f tolerance in malnutrition in 
the thermoneutral climate is 180-200 
cal/kg/day. In 91% of our malnour­
ished cases, the alimentation ensuring 
the optimum increase in weight in the 
comfort climate was 120-150 cal/kg/ 
day, while in 75% of them it was 130- 
150 cal/kg/day. In this milieu, I ex­
perienced that the maintenance ali­
mentation level in malnourished in­
fants who had lost a high proportion 
of their inactive body substances was 
not 70—80 cal/kg pro day as in eutro- 
phy, but around 100 cal/kg/day.

Similarly to other cases, when Fig. 
25, case 37 was transferred to the ther­
moneutral climate at 29 °C, he did not 
wait for the “restitution phase” to 
occur, but immediately began to put 
on weight continuously. In spite of 
the protracted pneumonia migrans 
and the other diseases persisting for 
2 y2 months, in one month he gained 
900 g. When he was returned to the 
ward at 20-22 °C, his weight curve 
displayed a temporary fall and then 
stagnated throughout his stay there 
(3 weeks). When he was again trans­
ferred to the comfort climate, on ex­
actly the same amount of the same 
diet, the course of his weight curve 
again became ideal. Attention should 
be paid how the weight and tempera­
ture curves developed at the custom­
ary room temperature of 20-22 °C and 
in the comfortably humidified thermo­
neutral milieu at 28-30 °C. It is by no 
means a waste of time to reflect on 
the perfect regulatory mechanism 
that the emaciated infant puts into

action, presumably in response to 
the environment at room temperature, 
in the: interest of energy economy.

TMS observation from our clinical 
experience is a valuable example dem­
onstrating that the metabolic inver­
sion of the malnourished organism, 
the pathological thermal regulation, 
is, in fact, a necessary adaptation to 
the cold environment. While alternat­
ing between the comfort climate and 
the inadequate milieu (for 2-3-week- 
periods) on several occasions, the in­
fant was for several months in a febrile 
malnourished condition; whenever he 
was returned to room temperature, 
his weight stagnated or decreased, 
but when back in the thermoneutral 
climate he repeatedly and systemati­
cally put on weight in a desirable man­
ner. The fever disappeared at room 
temperature, and repeatedly returned 
in the warm climate. The intensity of 
the metabolism was utilized in an 
economical way at the changed en­
vironmental temperature. When he 
was constrained to a dissimilative 
metabolism at inadequate environ­
ment, the febrile heat production 
ceased, but the fever was again pos­
sible when the predominance of the 
assimilative metabolism was restored 
in the thermoneutral environment.

R e f e r e n c e s

1. B e tk e  K : E rn ä h ru n g  u n d  E rn ä h ru n g s ­
s tö ru n g e n  im  S äug lingsa lte r. M schr 
K in d e rh e ilk  103: 33, 1955

2. B rooke OG, H a rr is  M, S alvosa  C B : The 
re sp o n se  o f  m alnou rished  b ab ie s  to  
cold . J  P h y sio l (b o n d ) 233: 75, 1973

3. B rooke OG, Salvosa C B : R esp o n se  of 
m a ln o u rish ed  b ab ies  to  h e a t. A rch  D is 
C hildh  49: 123, 1974

Acta Paedialrica Hungáriát 28, 1987



L  K ulin : Essence of malnutrition 299

4. E n g e l S: D ie  L unge des K in d es. G eorg  
T h iem e V erlag , S tu t tg a r t  I960

5. E w erbeck  H : D er Säugling. P h y s io ­
logie, P a th o lo g ie  und  T h erap ie . S p r in ­
g e r V erlag , B erlin  —G ö ttin g en  —H e id e l­
berg  1962, S. 332

6. lá n c ú  A : D istro fiile . E d itu rä  M edicälü, 
B u cu re s ti 1963

7. la n e u  A : R e fe ra t: C lujul M edical 44: 
600, 1971. R ecenzió: C lujul M edical 45: 
779, 1972

8. K le in sch m id t H : L eh rbuch  d e r K in d e r­
he ilk u n d e , 19. A ufl. G. F isch er, J e n a  
1958. C hronische E rn äh ru n g ss tö ru n g en , 
S. 254

9. K u lin  L : T he pathogenesis a n d  th e ra p y  
o f  in fan tile  m a ln u tr itio n . M TA  O rv  
T u d  O szt K özi 4: 37, 1953 (H ung .)

10. K u lin  L : E in e  n eu artig e  A uffassung  
d e r P a th o g en ese  der S äug lingsa troph ie  
u n d  d ie  d a ra u s  abge le ite te  T h erap ie . 
A nn  P a e d ia tr  (Basel) 181: 320, 1953

11. K u lin  L : P a thogenese  u n d  T h e rap ie  
d e r  A tro p h ie . A cta  Med A cad Sei H u n g  
5: 1, 1954

12. K u lin  L : D ie B erechnung  des K a lo rie n ­
bedarfes beim  a tro p h isch en  S äug ling  
(U n te r besonderer B erü cksich tigung  d e r  
E rfa h ru n g e n  im  K lim am ilieu). A nn  
P a e d ia tr  (Basel) 183: 162, 1954

13. K u lin  L : Ü ber einige ze itgem äße u n d  
g run d leg en d e  P rob lem e d e r  S äug lings­
a tro p h ie . A nn  P a e d ia tr  (B asel) 183: 
270, 1954

14. K u lin  L : D ie B ehand lung  d e r  S äu g ­
lin g sa tro p h ie  im  K lim am ilieu . A rm  
P a e d ia t r  (Basel) 189: 79, 1957

15. K u lin  L : T heoretische un d  p ra k tisc h e  
P ro b lem e  d e r K lim ab eh an d lu n g  d e r  
S äug lingsatroph ie . M sehr K in d e rh e ilk  
109: 397, 1961

16. K u lin  L : K ritische  E rö rte ru n g e n  ü b e r 
d en  E nerg ieu m sa tz  beim  a tro p h isch e n  
Säugling . M sehr K inderheilk  111: 167, 
1963

17. K u lin  L : Ü b er die B eu rte ilu n g  des 
A troph ie -G rades in p rak tisch e r u n d  
w issenschaftlicher H in sich t. P ä d ia tr ie  
u . P ädo log ie  2: 305, 1966

18. K u lin  L : E in flu ß  des K lim as a u f  d ie  
physio log ischen  L eb ensfunk tionen  bei 
d e r  S äug lingsa troph ie  — M ilieu th e ra ­
p ie , P a th o g en ese , P a thophysio log ie , 
A d ap ta tio n sm ech an ism u s. A rch  K in ­
d e rh e ilk  182: 137, 1971

19. K u lin  L : In fa n tile  a tro p h y . — O b ser­
v a tio n s  an d  inves tiga tions m ade  in  th e

la s t tw o decades. A c ta  P a e d ia t r  Acad 
Sei H u n g  12: 19, 1971

20. K u lin  L : T he c u rre n t s t a te  o f  in fan tile  
m a ln u tr itio n . O rv o s tu d o m á n y  25: 249, 
1974 (H ung.)

21. K u lin  L : E x ce rp ts  from  o u r  re su lts  in
th e  field o f  in fan tile  m a ln u tr i t io n  and  
from  foreign reflex ions r e la tin g  to  these. 
G yerm ekgyógyászat 26: 131, 1975
(H ung.)

22. K u lin  L : S äu g lin g sa tro p h ie . A c ta  P a e ­
d ia t r  A cad Sei H u n g  16: 67, 1975

23. K u lin  L : A nalysis o f  th e  n a tu r e  o f  the 
clim atic  effect in  in fa n tile  m a ln u tr it io n . 
O rvosképzés 56: 170, 1981 (H u n g .)

24. K u lin  L : A d a p ta tio n a l m ech a n ism s in 
in fan tile  m a ln u tr it io n . O rv  H e  t i l  122: 
2655, 1981 (H ung.)

25. K u lin  L : T he co m fo rt c lim a te  m ilieu  is 
th e  organizer an d  b io re g u la to r  o f  the 
o p tim u m  v ita l p rocesses in  severely  
m alnourished  in fa n ts . O rv o stu d o m án y  
32: 3, 1981 (H ung .)

26. K u lin  L : D iscovery  o f  th e  b a sa l m e ta b ­
olism  o f in fan tile  m a ln u tr i t io n  d u ring  
s tu d ie s  in  an  a d e q u a te  a n d  in  a n  in ad e ­
q u a te  m icroclim ate . O rv o s tu d o m án y  
33: 13, 1982 (H ung .)

27. K u lin  L : T he co m fo rta b ly  hum id ified  
m icroclim ate  a t  a ro u n d  29 °C is an  in ­
d ispensab le  co n d ition  fo r th e  ra tio n a l 
feeding o f m alnou rished  in fa n t. G yer­
m ekgyógyászat 33: 433, 1982 (H ung .)

28. K u lin  L : T he a e tio p a th o g en es is  o f in ­
fan tile  m a ln u tr itio n . O rvosképzés 57: 
8, 1982 (H ung.)

29. K u lin  L : T h erm o reg u la tio n  o f  th e  v ita l 
processes in  severe in fa n ti le  m a ln u tr i­
tio n  — M onography — . D eb recen i A k a­
dém iai B izo ttság  1985 (H u n g .)

30. K u lin  L : A  co llec tion  o f  p ro g ram m e 
w orks o f  th e  H u n g a ria n  A cad em y  of 
Sciences. College L ib ra ry , D ebrecen , 
V ol. I , I I ,  I I I  (1952-1982) (H ung .)

31. M aslov MSZ: R e tse n z iy a : V e s tn ik  Aka- 
dem i M editsinskih  N a u k  S S S R . 18: 
72, 1959

32. P o n o m ary ev a  P A , G rech ish n y ik o v a  
LV : R etsenz iya : P e d ia t r iy a  (M oskva) 
37: 3, 1959

33. T h u ra u  R : C hronische E rn ä h ru n g s s tö ­
ru n g en . In : H an d b u ch  d e r  K in d e rh e il­
k u n d e  (H erausg . O p itz  H , S chm id  FS) 
B d  IV  Stoffw echsel, E rn ä h ru n g , V er­
d au u n g . Springer, B erlin  — H e id e lb e rg — 
N ew  Y ork  1965 S. 638, 644, 646, 652- 
655, 667, 668.

L Kulin MD 
POB 32
H-4012 Debrecen

Acta Paediatrica Hungarica 28, 1987


	3-4. szám
	L. Kulin: Survey of the essence of malnutrition on the basis of our thermoregulation research work

	Oldalszámok������������������
	273����������
	274����������
	275����������
	276����������
	277����������
	278����������
	279����������
	280����������
	281����������
	282����������
	283����������
	284����������
	285����������
	286����������
	287����������
	288����������
	289����������
	290����������
	291����������
	292����������
	293����������
	294����������
	295����������
	296����������
	297����������
	298����������
	299����������


