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Total heat production and
pattern of substrate utilization were measured by
during a period of several hours in 15 small-for-gestational-age

its major components, as well as the
indirect calorimetry
infants

between the 2nd and 15th postnatal day (non-growing period) and between
16th and 39th day (growing period).
1. Mean total heat production of the non-growing infants did not

exceed 50 Cal/kg/24 hrs.

Mean basal metabolism

in this period was not

higher than that reported for premature infants of similar body size and
postnatal age. It is concluded that the caloric input necessary to meet the
cost of maintenance was less than that calculated from the components of
energy metabolism.

2. Total energy expenditure was significantly higher in the growing
period, and its partitioning showed that all the three components (basal-,
resting-, and activity metabolism) were contributing to the increment.

3. The increase in total heat production, as well as that of the com-
ponents, was closely related to the difference in age and body weight at
the first and second examination. The individual increment in heat produc-
tion during growth was determined chiefly by postnatal age and weight
ain-

g 4. Carbohydrate utilization was the dominant component of the total
energy expended by the non-growing infants. During recovery, a further
rise occurred in carbohydrate oxidation, while there was a moderate decrease

in the participation of fat and protein.

Research on the relation of body
size, postnatal age and basal metabo-
lic rate [1, 6, 7, 8, 10, 11, 12, 13, 15,
17, 22, 25, 28, 31, 32] demonstrated
that while in full term infants basal
oxygen consumption per kg body
weight increases rapidly during the
first 24 hr after birth, in preterm in-
fants it is not only significantly low-
er but its postnatal increase too

occurs at a much lower rate than in
full-size infants. A further important
information provided by these studies
concerns the great variation of mini-
mal metabolism in low-birth-weight
infants, which is mainly due to the
heterogeneity of this group of new-
borns as far as birth weight, degree
of immaturity and intrauterine growth
rate are concerned. As regards body
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size and maturity, the lower the birth
«'eight and gestational age the lower
the basal energy expenditure per kg
body weight. In contrast, intrauterine
growth retarded infants tend to
have a higher basal metabolic activ-
ity in terms of unit body weight than
normally grown preterm infants of
similar birth weight [12, 26, 27, 32].
This observation has led to the con-
cept of “relative hypermetabolism”
of the small-for-dates infant [26, 29,
30] pointing to the importance of body
composition as an additional source
of variation of the basal metabolic
rate expressed per unit body weight.

While the changes of basal metab-
olism in relation to postnatal age
and body size have extensively been
studied, less attention has been paid
to the maintenance energy metab-
bolism and its distribution between
the various components. Studies car-
ried out on preterm infants [18]
demonstrated that the caloric require-
ment for maintenance at neutral
temperature was considerably less
than the figures generally used for
approximation of the daily caloric
need for infants weighing below
2000 g. These studies further showed
that not only total heat production
but also its partition between the
different components needed are-eva-
luation. In view of these experimental
findings it seemed desirable to extend
such investigations to intrauterine
malnourished babies, another major
group of low-birth-weight infants.
This appeared all the more interest-
ing, since the study of different
aspects of energetics is a central issue

in exploring the metabolic conse-
guences of undernitrition [2, 3, 4,
5 14, 19, 21].

In order to complete our knowledge
concerning the physiological basis
of caloric feeding of intrauterine
malnourished newborn infants, the
purpose of the present study was to
collect information on the following
aspects of the energy cost of mainte-
nance:

1 In view of the difference in
opinion [13, 25] concerning the level
of basal metabolism in intrauterine
growth retarded infants, it would
be interesting to know what propor-
tion of the calories produced in the
neonatal and postneonatal period
can be accounted for by basal energy
expenditure.

2. What allowance should be made
in caloric feeding for covering the
extra energy expended above the
basal in the non-growing and growing
infant.

3. To what extent does recovery
affect the partition of the components
of energy expenditure.

4. As regards the sources of calories
produced, it would be interesting to
know in what proportions are the
main nutrients oxidized providing
energy for maintenance before and
during recovery from undernutrition.

Material and Methods
Material

D ata on total heat production and its
components were obtained in 15 low-
birth-weight infants. Their weight was
between 1070 and 2400 g at birth, and
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their gestational age ranged from 34 to
40 weeks. Birth weight for gestational age
was less than the 10th percentile on our
local intrauterine growth chart.

According to the history, in two in-
stances the placentas were infarcted and
one mother had pregnancy toxaemia. In
eleven infants the immediate postnatal
period was uneventful. In one infant,
transient hypoglycacmia, in another apnoe
spells were observed. Two infants were
treated with antibiotics because of sus-
pected infection.

The infants were divided into two age
groups; the pertinent data are seen in
Table |. The first series of examinations
was carried out between the 2nd and 15th
postnatal day (non-growing) and the
second between the 16th and 39th day
(growing period). These two age periods
were chosen so as to show the difference
between energy expenditure and metabolic
pattern in non-growing and growing intra-
uterine malnourished infants. None of the
babies examined between 2nd and 15th
day showed a gain in weight, while all of
the older ones were growing. All infants
but one were involved in both series of
examinations.

The infants were fed two or three
hourly with a cow’s milk formula (73.3
Cal/100 ml). The daily intake of fluid and
calories in the non-growing and growing
period are shown in Table I.

Technique

Oxygen consumption was measured by
an open circuit method using the Kipp
diaferometer, allowing a continuous meas-
urement of respiratory gas exchange and
respiratory quotient. The technique has
been described in detail previously [18].

Measurements were started six hours
after the last feed, and readings were made
every minute except when reference was
made to room air, and when a feed was
offered.

Physical activity was recorded every
minute by constant observation using
the following arbitrary grading score:

0 = asleep, physically totally quiet;

eyes closed with occasional jerks;

2 = eyes closed or open with slight
movements of the head or extrem-
ities;

3 = awaken state with moderate activ-
ity moving arms and legs;

4 = intensive and more or less continu-
ous activity;

5 = vigorous activity with crying and
restlessness.

[
1

Total, resting, basal and activity metab-
olism were determined. Total metabolism
equalled the average oxygen consumption
(ml/kg/min) recorded over the total obser-
vational period. The mean activity scores
obtained in the course of ten-minute
periods ofrecording were used for differen-
tiation between basal and resting oxygen
consumption. The lowest mean 02 con-
sumption (ml/kg/min) obtained in the
fasting and physically totally quiet and
sleeping infants during a 10 minute period
was regarded as basal heat production
(mean activity score, 0.0). Average oxygen
consumption (ml/kg/min) corresponding
to a mean activity score from 0.0 to 0.1
represented resting metabolism which also
included the specific dynamic action.
Total minus resting metabolism gave the
activity quota representing the increase
due to a mean 10-minute activity score of
0.2 or higher. Fig. 1. illustrates how the
different measures of oxygen consumption
and activity levels were quantitated.

Total, resting, basal and activity metab-
olism were also expressed as Cal/kg/24 hrs.
The caloric values for oxygen used to
calculate heat production corresponded to
the average RQ of 10-minute intervals
on which the determination of the different
measures of energy expenditure has been
based.

Urine was collected during the observa-
tion period by an appropriate device for
determination of urea excretion rate.
The relative quantity of calories (fat and
carbohydrate) produced was estimated
from the non-protein RQ. This quantity
was calculated from oxygen consumption
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Table |

The relevant data of the underweight newborn infants studied prior and during weight gain

Numberand ~ Gestational Birth weight, Postnatal age, days Body weight, g F',‘T‘]}?ké?égte* Caécg]i/(f@i/n&:)l/(e,
Si%ar?g \Xaﬂgg perc%ntlle
A B A B A B A B
1$ 30 1860 < P10 4 17 1750 1950 171.4 164.1 115.1 105.2
2 36 1740< P10 5 22 1750 2070 171.4 193.2 1151 123.9
37 35 1710< P10 5 30 1690 2320 156.2 137.9 104.9 88.4
43 38 1950 < PIO 4 23 1950 2370 1353 168.7 90.9 108.2
57 35 1450< PIO 7 32 1430 2000 167.8 160.0 1127 102.6
6c? 40 2400< P10 4 36 2390 2740 100.4 204.3 64.4 131.0
73 36 2050< P10 4 20 2000 2210 132.0 144.7 88.6 92.8
8 7? 35 1070< P10 10 39 1100 1730 240.0 184.9 161.2 118.6
93 37 2380< P10 4 22 2300 2470 104.3 161.9 66.9 103.8
103 40 2160< P10 7 16 2140 2250 149.5 213.3 95.9 136.8
13 38 2080< P10 7 19 1930 2210 161.6 144.7 108.6 92.8
127 39 1850< P10 4 24 1800 2240 134.4 142.8 98.5 91.6
137 36 1350< P10 2 23 1320 1700 109.0 141.1 73.3 94.8
144 34 1550 < PI0 15 31 1550 2110 203.6 151.6 136.8 97.2
153 36 2100< P10 2 - 2100 - 114.2 - 73.3 -
Average 36.7 1846.0 5.6 25.2 1826.3 2169.2 150.1 165.2 100.4 106.3
+ SE 0.46 108.76 0.92 1.98 100.69 87.54 10.67 7.49 7.33 4.74
Range 34-40 1070-2400 2-15 16-39 1200-2390 1700-2740 1004 2036 141.1—213.3 64.4-161.2 88.4-136.8

A = first examination
B = second examination
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Average activity

01 15 03 00 00 02

Total O consumption m 6.04 mi/kg/min

Basal O consumption :
Resting G consumption:
Activity G- consumption

5.50 ml/kg/min
5.80 ml/kg/min
0.24 ml/kg/min

Fig. 1. One hour record of oxygen consumption (e*++) and activity showing how the
records were evaluated, and the different components of energy metabolism quantitated.
For this purpose consecutive ten-minute periods were chosen. Owing to the two-minute
time lag of the diaferometer, the record of oxygen consumption was shifted to the right
in relation to the activity-record. The mean total, basal, resting and activity oxygen
consumptions expressed as ml/kg/min calculated from the one-hour record are indicated.
The average activity level of a ten-minute period was obtained by dividing by ten the
sum of the scores. A mean score between 0.0 and 0.1 was regarded as a resting period,
and the corresponding oxygen consumption as resting oxygen consumption

and carbon dioxide
subtraction of the oxygen and carbon
dioxide related to protein metabolism
derived from urinary urea excretion rate.

production after

Experimental procedure and conditions

The infants were placed in an incubator
under a perspex hood through which room
air was drawn at a rate of 1.6—4.0 1/min.
The temperature within the incubator was
maintained between 32°C and 36 °C
depending on size and postnatal age. The
lower parts of the trunk and legs outside
the hood were loosely covered by a nylon-
sheet attached around the air inlet of the
hood, ensuring that the infants expired
only into the air flowing over the face.
Relative humidity ranged between 45—
60%.

In the second series of examinations
the infants swaddled in soft down feather
quilts were kept at a room temperature
of 26 —27 °C. The head and upper limbs
were under a perspex hood with an air
temperature 2—3 °C higher than that of
the room. Periods during which oxygen
consumption was followed varied between
6 and 13 hours.

Results
Total energy expenditure of maintenance

The mean and individual levels of
total energy metabolism obtained
within the two time periods are
shown in Fig. 2 and 3. It is apparent
that total energy expenditure mark-
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Fia. 2. Mean (+ SE) total heat production of underweight infants obtained in the two
time periods after birth. Gain in weight is associated with a significantly higher total
energy expenditure (p < 0.001)
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Fig. 3. Individual values of the daily caloric output in non-growing and growing intra-
uterine malnourished infants

edly increased during recovery. The
difference between the means of the
two examination periods was highly
significant (p < 0.001). The changes
in total heat production of the indi-
vidual infants are shown in Fig. 3.
It is seen that the rate of increase
was variable resulting in a wide
scatter of values from 16 to 39 days
of age. While in some growing babies
total energy expenditure markedly
exceeded that obtained earlier in
extrauterine life, in others the rise
was moderate. In one infant it was
less than prior to weight gain.
Total heat production as a function
of postnatal age is shown in Fig. 4.
From the close direct relationship it
undoubtedly follows that postnatal

age is an important determinant in
energy metabolism. This can also
be concluded from Fig. 5, where the
increment in total heat production
(dCal/kg/day) is plotted against
the difference in postnatal age be-
tween the two examinations (A post-
natal age in days). Thus, the variable
increase in total heat produetion was
mainly due to the different time
intervals between the first and second
examination.

It seemed interesting to relate the
increment in total metabolism to the
increment in body weight observed
at the second test (Fig. 6). A close
relationship could be demonstrated
between the two measures. Thus,
the widely differing increase in energy
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4 12 20 28 36 postnatal age, days

age, days
y=0.8817¢41.35 0.28x*0.13  0.72x* 32 85
r=0.7706 0.6264 0 7612
p< 0.001 0.001 0.001
Fio. 4. Relationship between postnatal age and total, resting, activity, and basal heat
production
y=261x- 3160

y =1.84x-21.33 0.72x-9.44 171x -21.46
r=0.9237 0.6576 0.8427
p<0.001 0.05 0.001

Fig. 5. Relationship of the increment in total, resting, activity and basal heat pro-

duction (Cal/kg/24 hr) with the difference in postnatal age between the two examinations
(postnatal age in days)
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y=36.55x.146
r=0.2,354
p=0.1-0.05

27.92x-5.50 55.07x-7.99
0.6074 0.6455
<0.05 <0.01

Fig. 6. Relati nship of the increment in total, resting, activity and basal heat pro
duction (Cil/kg/24 hr) with the increment in body weight (body weight in kg)

expenditure during recovery was
chiefly determined by the two closely
interrelated variables, postnatal age
and weight gain.

The components of total energy
expenditure of maintenance

Under thermoneutral conditions,
basal metabolism, physical activity
and the specific dynamic action of
food are the main components of the
energy cost of maintenance. It seemed
of interest to study the partitioning
of total heat production between
these components in the non-growing
and growing period within 40 days
of extrauterine life. In this analysis
two “basal rates” of metabolism were
distinguished and quantitated: basal
and resting metabolism. The former
represented 'the minimum oxygen

consumption in the sleeping and
fasting infant without visible activity
(mean activity score, 0.0); the latter
indicated oxygen uptake of the fed
infants in whom occasional jerks,
slight movements of the head and
extremities were observed (mean ac-
tivity score, between 0.0 and 0.1).
Thus, in addition to the basal metab-
olic rate, resting metabolism includ-
ed the oxygen consumption due to
slight activity and the specific dynam-
ic action of food.

The mean amounts of heat corre-
sponding to the different factors of
maintenance energy metabolism in
the non-growing and growing period
are shown in Fig. 7. It is seen that
basal and resting energy expenditure
was significantly higher in the recov-
ery phase than that observed when
the infants failed to gain in weight.
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80 -i
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r.< 60- |_|_||_|_||
40-
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2-15 days
Non-growing  Growing
period period

[Activity

Resting heat Total heat
Basal heat production production
production

16-39 days after birth

Fig. 7. Mean amounts of heat corresponding to the different components of maintenance
energy metabolism before and during gaining in weight

Fig. 8. Distribution of calories between the three components of heat production in
individual infants

It is also seen that the increment
due to the resting state was the largest
component contributing to the extra
heat produced above the basal value.
The mean quota of more intensive
activity was less pronounced.

In Fig. 8 the individual parti-
tioning of the total heat production,
is demonstrated It is apparent that
growth was associated with a large
individual variation in the distri-
bution of calories between the three
components. Like total energy expen-
diture, basal, resting, and activity
heat production were also signifi-
cantlyrelated to postnatal age (Fig. 4).

The individual variation in the
three components, similarly to total
heat production, can also be explained
by the different age intervals and

weight gains between the first and
second tests. Fig. 5 and 6 show a
convincing relationship between the
increment in basal, resting, activity
heat production and A postnatal
age, as well as weight gain. This
shows that in newborn infants post-
natal age and weight gain increase the
energy cost of maintenance, and in
this increase all the measurable com-
ponents are involved.

Participation of the three main
nutrients in energy expenditure of
maintenance

The metabolic pattern, as described
under Methods, was also investigated.
The mean contribution of fat, carbo-
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hydrate and protein oxidation to total
heat production in the non-growing
and growing periods is demonstrated
in Fig. 9. Carbohydrate utilization
was already the dominant component
of the total energy expended by the
2—15 day old non-growing infants.
In the growing period a further and
significant rise occurred in carbo-
hydrate oxidation, while there was
a moderate decrease in the partici-
pation of fat and protein metabolism.
From Fig. 9 it can also be stated

Non-growing
period

that the increase of maintenance
energy expenditure during recovery
was entirely due to carbohydrate
oxidation.

The mean proportions of the three
main nutrients in the daily caloric
output are seen in Fig. 10. Although
there was a considerable individual
variation in the contribution of the
substrates to the energy cost of
maintenance, the metabolic pattern
showed similar changes in each infant
as they were gaining in weight.

Growing
period

Fig. 9. Mean contribution of fat, carbohydrate and protein oxidation to total heat pro-
duction in the non-growing and growing periods

2-15 days
Non-growing
period

16-39 days after birth
Growing

period

Fig. 10. Mean proportions of the utilization of the three main nutrients in daily energy
expenditure before and during recovery
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Discussion

The basal metabolic value as the
largest component of energy metab-
olism is generally used for estimat-
ing the daily caloric requirement of
maintenance in the newborn infant.
As pointed out previously [18], the
widely employed classical figures pro-
posed by Gordon and Levine [9]
are overestimates for low-birth-weight
infants, and do not reflect the great
variation of the basal metabolic
expenditure. But even the results of
studies performed on low-birth-weight
infants during the last 15 years are
only rough approximations of the
basal caloric needs [1, 6, 17, 23, 27,
32]. Thus, in every-day practice
the estimate of the daily caloric
intake is still mostly based on a basal
metabolic rate of 50 Cal/kg/24 hr
leaving out of consideration the large
variation due to body size, maturity,
postnatal age and nutritional status.
More attention should be paid to
these important determinants of basal
heat production, which allow a more
physiological and individual approxi-
mation of the caloric requirement, and
should be used as guidelines in nutri-
tion and infant practice in the early
and late neonatal period.

A further difficulty in estimating
energy requirements for maintenance
in newborn infants concerns the
summing of additional calories im-
posed by muscular activity, specific
dynamic action, faecal loss, and, if
the infants are kept below the neutral
temperature, thermoregulatory heat

production. Partitioning of energy
expenditure by rough predicted val-
ues can also be asource of overestima-
tion of the cost of maintenance and
hence of an unnecessary high intake
of calories in the early and late neo-
natal period. Here again, the wide
range of extra calories above the basal,
which in a thermal neutral environ-
ment is accounted for mainly by
differences in duration and intensity
of physical activity, should carefully
be considered in approximation of the
energy cost of maintenance.
Although basal metabolic values
provide a basis for estimating caloric
requirements, measurements for sever-
al hours of the total energy expendi-
ture are needed for establishing a
more physiological and individual
approach of caloric feeding of the
newborn infant. Such measurements
and experimental observations, as it
has been shown in premature infants
aged 2 to 31 days [18], provided not
only data on the total energy cost
of maintenance, but have made it
possible to quantitate the factors
known to affect metabolic expendi-
ture. This experimental approach
has led to the conclusion that in pre-
mature infants the maintenance cal-
oric requirement varies greatly, and
is considerably lower than the widely
employed figures used for approxima-
tion. These observations alreadypoint-
ed towards the importance of a re-
evaluation of the caloric feeding of
premature infants, and of the desira-
bility of extending such studies to
small-for-gestational-age newborns.
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Total energy expenditure of small for-
gestational-age infants

In comprehensive studies concern-
ing the relationship between body
size and metabolic rate, Sinclair and
Silverman [26, 27] observed that
oxygen consumption per kg body
weight was higher in infants whose
birth weight was low for their calcu-
lated gestational age than in preterm
babies of equal size. In explaining
this phenomenon, these authors con-
cluded that this “relative hypermetab-
olism” might probably be due to the
higher proportion of metabolically
active tissue mass resulting from the
relative loss of extracellular fluid.
This would suggest that in approxi-
mating the daily caloric requirement
of maintenance in small-for-gesta-
tional-age infants, higher values of
basal expenditure (50—60 Cal/kg/24
hr) should be used than in preterm
infants of similar body weight (40 —
50 Cal/kg/24 hr).

The present observations showed
that basal heat production of the
non-growing small-for-gestational-age
infants (within the first two weeks)
related to body weight was not higher
than that reported by different au-
thors for premature infants of similar
body size and postnatal age. The
values obtained varied between 35—
42 Cal/kg/24 hr and did not suggest
any relative hypermetabolism; so
they appeared to be in line with the
observations of Jonxis et al. [13] and
Senterre and Karlberg [25] in that
the basal 0 2consumption of newborns
weighing less than the 10th percentile

for gestational age was lower than
of normally grown infants and did
not differ from that reported for
preterm infants.

The extra calories above basal were
partly due to the resting state when
the infants with closed or open eyes
showed slight intermittent move-
ments (activity score < 0.2), and
partly due to a more intensive physi-
cal activity (activity score /> 0.2).
The former and larger component
(about 10 Cal/kg/24 hr) included the
metabolic increase caused by feeding,
i. e. the specific dynamic action.
This increment combined with the
basal metabolism constituted the so-
called “resting energy expenditure”
which, on the average, amounted to
48—50 Cal/kg/24 hr. The contribution
of activity levels higher than 0.2 to
the total energy expenditure in the
non-growing period was 3 Cal/kg/24 hr
on the average, and essentially identi-
cal with the activity quota previously
observed in preterm infants [18].
This small contribution was consis-
tent with the reduced activity of low-
birth-weight infants maintained in
a thermoneutral environment.

From these data it seems justified
to conclude that the mean total heat
production of non-growing malnour-
ished infants does not exceed 50 Cal/
kg/24 hr, and hence the food energy
intake necessary to meet the cost of
maintenance is much less than that
calculated from roughly approximat-
ed components of caloric expenditure.

It is mainly the basal and activity
guota which is overestimated, and
which can cause a significant and
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unnecessary load on the metabolic
adjustment in the non-growing in-
trauterine malnourished infant. In
partitioning total energy expended
at neutral temperature in the early
neonatal period, it appears useful
to combine the basal and resting
component as “resting metabolism”
which includes an allowance for the
calorigenic effect of food ingested
and for slight activity. To this only
a few calories should be added to
meet the requirement of more inten-
sive activity.

In the growing small-for-gestation-
al-age infant, total energy expendi-
ture per kg body weight was found
to be substantially higher than that
observed before. The infant had
started to gain weight. Partitioning
of the energy cost of maintenance
revealed that all the three components
measured had contributed to the
mean increase of nearly 20 Cal/kg/
24 hr. The rise in basal heat produc-
tion amounted to about 10 Cal/kg/
24 hr, reaching the level of total
maintenance metabolism obtained be-
fore growth had started. Resting heat
production comprising the cost of
basal metabolism, slight activity and
specific dynamic action of food show-
ed a similar increment in relation
to the non-growing period. The partic-
ipation of activity increased consider-
ably, its quota was found to be three
times higher than previously.

From these changes in the structure
of total energy cost of maintenance
it can be inferred that growth is
associated with an increased basal,
resting and activity heat production

expressed in unit body weight. The
increase in these components, and
hence the increment in the total,
shows great individual variations that
should be taken into consideration
whenever the caloric need for main-
tenance during recovery from growth
failure is to be estimated. The ques-
tion might be raised whether this
energy expenditure is the metabolic
reflection of recovery from under-
nutrition, or merely the function of
postnatal age, independent of gain-
ing in weight. Considering the metab-
olic changes and adjustments tak-
ing place in newborn infants and
closely related to postnatal age, the
guestion appears unreasonable. In
principle, preterm, term and small-
for-gestational-age infants do not
differ as far as the neonatal catabolic
state, the more or less insufficient
caloric input, and the pattern of
changes of body weight are concerned.
Every newborn infant, in fact, fails
to grow for a period after birth
which is then followed by forming new
tissues resulting in a steadily increas-
ing body size.

In view of the closely interrelated
variables such as postnatal age, body
size, weight gain, body composition,
energy input and output, it is diffi-
cult if not impossible to determine
which is the determinant variable
as far as the changes in energetics
and its structure are concerned. The
dynamics of postnatal changes in
basal metabolic rate is well-known,
and it can be stated that it increases
at different rates with postnatal age
in different newborn categories, on
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the one hand, and that it starts
before gaining body weight, on the
other hand. From this it would,
however, be erroneous to infer that
postnatal age in itself is the most
important determinant in energy ex-
penditure. It is not unreasonable to
suggest that the increase in metab-
olism preceeding the increase in
body size by forming new tissues
can he regarded as the first indica-
tion of recovery from intrauterine
and/or neonatal caloric deficiency.
In general, postnatal energetics seems
to be similar to that of extrauterine
malnutrition, where the depressed
basal metabolic rate increases within
a short time after abolishing the cause
of growth failure [20, 33].

If compartmentalization is still an
acceptable approach to exploring
whole-body energy metabolism, the
rise in heat production associated
with recovery could be classified as
the measurable component of caloric
demand for growth. This increment
might in fact represent the energy
cost of storage, forming new tissues,
different functions and processes in-
volved in growth, and as such con-
tributes to the energy expended on
maintenance. Recovery rate from
undernutrition (or the rate of growth
in general) could set the pace of the
calorie requirement of this compo-
nent, and this could partly be re-
sponsible for the individual variations
in its magnitude.

The second component of the caloric
requirement of growth concerns the
storage of energy and of new tissue
formation by storing nutrients in the

form of protein, fat and carbohydrate.
This retained amount of energy rep-
resents the caloric demand above
maintenance which is difficult to
quantitate, and whose magnitude
is far less than the maintenance
energy expenditure of the growing
infant.

The metabolic pattern

The pattern of substrate utilization
calculated for the non-growing period
already showed that most of the
calories expended originated from
carbohydrate oxidation. The caloric
input within this period mostly reach-
ed or exceeded the caloric expen-
diture of maintenance. Thus, the
metabolic pattern obtained was quite
different from that characteristic of
the immediate postnatal period, when
the fasting metabolic state is dominat-
ed by fat utilization. The mean partic-
ipation of protein metabolism in
total heat production amounted only
to 5% which corresponded to the
proportion reported for full size [16]
and for preterm infants [24]. It is
interesting that the contribution of
protein catabolism to energy expen-
diture was considerable less than in
adults in whom it was found to pro-
vide up to 17% of the calories prod-
uced [16].

The metabolic pattern observed in
the period of growth indicates that
the rise in total energy expenditure
on maintenance can fully be account-
ed for by the increasing utilization
of carbohydrate as oxidable fuel.
The dominance of carbohydrate util-
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zation does not yet mean that pro-
tein and lipid metabolism has a neg-
ligible role in energetics of the various
biochemical physiological functions
and processes involved in growth.
With respect to quantification and
partition of whole body energy metab-
olism it should be kept in mind that
the classical method of adding the
various components does not reflect
the complicated metabolic interre-
lationships of the nutrients. Instead,
an integrated summation and analy-
sis of the energetics of basic biochem-
ical reactions would be necessary
for a better understanding of the
structure of energy metabolism and
the relationship between energy input
and output in the early and late
neonatal period.
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