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The objective o f  th is paper is to review  approaches to the d eterm in
ation o f  the energy cost o f  grow th in premature infants. Two approaches are 
compared: one based on the com position o f  w eight gain, and one based on 
the determ ination o f  energy balance. D ata  are lacking on the com position  of 
w eight gained by the prem ature infant after birth, while the com position  of 
fetal w eight gain and its energy cost can be calculated from d ata  on fetal 
body com position. These calculations show  th at energy storage am ou n ts to  
less than  8.4 k j/g  w eigh t gain  below  a body w eight o f 2 kg; the to ta l energy  
cost o f  growth is less than  10.5 k j/g . E stim ates tw ice as h igh h a v e  been  
obtained from energy balance studies o f  growing premature in fan ts and 
older infants. W e conclude th a t the energy cost o f  growth in  prem ature  
infants is still uncertain and requires further study.

The survival of the prem aturely 
born infant is related to its ability 
to  grow. However, prem ature b irth  
poses a th rea t to  the maintenance of 
energy intake, and as a consequence, 
to  growth. I t  is therefore of obvious 
clinical interest to  know how much 
energy is required by the prem ature 
infant in order to  grow in the  extra- 
uterine environment.

This question can best be pu t 
within the context of overall energy 
balance. In the absence of external 
work, the energy balance of the whole 
body may be stated as follows: 
Gross Energy In take =  Energy E x 
cretion -f- E nergy Expenditure -)- 
Energy Storage
The energy is measured in units of 
kilojoules (kJ) , which m ay be con
verted to kilocalories (kcal) by divid
ing by 4.18.

Gross, Digestible and Metabolizable 
Energy. The gross energy of a  food is 
measured by determining the  heat 
produced by its combustion in a 
bomb calorimeter. The gross energy 
of a food, determined by complete 
combustion in an atm osphere of 
compressed oxygen, is greater than  
the energy value of the food to  the 
body for two reasons: (1) p a rt  o f the 
food escapes absorption and is excre t
ed in the stool, and (2) in  vivo 
oxidation does not convert the  n itro 
gen component of the food to  oxide 
of nitrogen but leads to the form ation 
of urea and other compounds which 
are excreted in the urine.

Digestible energy is defined as the 
gross energy of the diet minus the  heat 
of combustion of the stool, and  m eta
bolizable energy is defined as digested 
energy minus the heat of combustion
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of the  urine. Digestible energy repre
sents the fuel value of the  food after 
tak ing  into account losses due to 
incomplete digestion, and metabo
lizable energy represents the fuel 
value of the absorbed components of 
the  food after tak ing  in to  account 
the  energy losses due to  incomplete 
oxidation.

The Fate of Metabolizable Energy: 
Expenditure and Storage. In  the non
working subject, m etabolizable energy 
is expended as heat or stored. The 
expenditure of energy is conventio
nally  divided into tw o m ajor com
ponents: basal energy expenditure, 
and expenditure above the  basal rate 
(for example, th a t due to  activity  or 
ehcited  by therm al stress) [5].

Basal energy expenditure cannot 
be measured in the  infant. Growth 
itself requires the  expenditure of 
energy, so the basal ra te  of energy 
expenditure cannot be measured in 
the  growing infant. Moreover, in the 
non-growing adult, basal energy ex
penditure is m easured under defined 
conditions which require the subject 
to  be a t rest in a post-absorptive state. 
There is no physiologically equivalent 
circumstance in the growing infant, 
who is either “digesting one meal or 
actively anticipating the  nex t” [7].

In  growing infants, the  closest 
approxim ation to the  basal energy 
expenditure is the “m inim al”  rate of 
energy expenditure m easured when 
the infant is in quiet sleep in a therm o
neutral environment. The minimal 
energy expenditure thus determined 
includes an increment above basal due 
to  food intake and growth.

The presence of food in the gastro
in testinal trac t leads to an increase 
in th e  level of energy expenditure [6] 
due to  the physiological work of 
digestion, absorption and assimila
tion . This increased rate o f energy 
expenditure over the basal state  is 
referred to  as the heat increment of 
feeding.

In  the  growing baby, a fraction of 
the  energy expenditure is used to 
support the biosynthetic processes 
involved in net tissue synthesis. This 
is p a r t  o f the energy cost of growth. 
The o ther, and larger, p a rt of the 
energy cost of growth consists of the 
energy stored in growing tissues and 
organs (chiefly as fat and protein); 
th is component of the energy cost 
of grow th is represented by the 
“energy storage”  term  of the  energy 
balance equation.

In  th is paper, we review two ap
proaches th a t have been used to  
estim ate the energy cost of growth in 
prem ature  infants:

1. The body composition approach, 
and

2. The clinical physiology approach.

Energy Cost of Growth as Estimated 
from Body Composition

I f  th e  net accretion rates of fat and 
protein  in growing infants were known, 
energy storage could be calculated 
from the  gross energy values for fat 
and protein  respectively. D ata  on the 
body composition of full term  new
borns and  infants provide a basis for 
calculating the composition of weight 
gain o f such subjects during infancy.
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The “male reference infant” of 
Fomon [2] is assumed to  weigh 3.5 kg 
at b irth  and to double his weight by 
four m onths of age. The composition 
of weight gain during th a t four- 
m onth interval is 11.4% protein, 
40.8% fat, and 45.3% water. Assum
ing gross energy values of 23.8 kJ/g 
for protein and 38.9 k J/g  for fat [4], 
the energy stored per gram  of weight 
gain is therefore 18.6 kJ/g . The total 
energy cost of growth is the sum of 
the energy value of the  tissues laid 
down, plus the energy expended in 
the anabolism of these tissue com
ponents from the m aterials absorbed 
from the digestive trac t. The energy 
costs of protein and fa t formation 
differ because of the difference in the 
complexities of the metabolic pro
cesses leading to their form ation from 
their respective precursors. Kiela- 
nowski estim ated the overall cost of 
depositing one gram o f protein and 
of fat as 31.4 and 48.5 kJ/g respec
tively [3]. I f  we apply these factors,

derived from experiments in baby 
pigs, to  the male reference infant, 
we ob tain  a figure of 23.4 k J /g  for the 
to ta l energy cost of grow th.

Changes in body com position fol
lowing premature birth are no t accu
ra te ly  known; therefore, th e  compo
sition of weight gain in growing pre
m atu re  infants cannot be calculated 
because of the lack of su itab le  data. 
However, the body com position of 
the  growing fetus has been studied  in 
considerable detail [10, 11]. Ziegler 
e t a l [11] summarized existing data 
and  constructed from these d a ta  a 
“reference fetus” whose body com
position changes during the  latter 
p a rt  o f gestation as shown in Fig. 1. 
As can be seen, the increase in size is 
accomplished by an increase in each 
of th e  m ajor body components. How
ever, as shown in Fig. 2, th e  compo
sition of weight gain changes through
ou t the  last part of gestation . I t  is 
of particu lar relevance to  the  topic of 
th is paper to note tha t fa t comprises
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F ig . 1. B od y  composition o f  the human fetus a t  d ifferen t gestational ages, from  data of
Ziegler e t  al [11]
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WEEKS GESTATION

F i g . 2. Com position o f w eigh t ga in  in the reference fe tu s  w ith  gestational age, h orn  data
o f Ziegler et al [11]

fetal body weight (kg)

F i g . 3 . Gross energy stored (k J /g  w eight gain) as fe ta l w e ig h t increases. C alculations are 
based on  the fetal body com position  data of Ziegler e t  al [11] and W iddow son [10]. 

A ssum ed gross energy values (kJ/g) a re  3 8 .9  for fat, 23.8 for protein

a very  sm all proportion of weight gain 
in th e  pre-term  period, and  th a t  this 
proportion  rises substantially  as term 
approaches.

The energy equivalent o f fetal 
weight gain can be calculated from

such d a ta  on the rate of accretion of 
fat and  protein. As shown in Fig. 3, 
the stud ies of both Ziegler e t [al [11] 
and W iddowson [10] predict th a t  the 
energy sto red  per gram of fetal weight 
gain is n o t a constant figure, bu t
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increases with fetal weight. Although 
the two studies do not agree closely 
(particularly in the upper range of 
fetal weight), there is reasonably 
close correspondence in the projection 
th a t below a fetal weight of 2 kg, 
energy storage varies between 4.2-8.4 
kJ/g. Applying the factors of Kiela- 
nowski [3], it can be calculated tha t 
the to ta l energy cost of growth varies 
between 5.0 and 10.5 kJ/g  in the fetal 
weight range below 2 kg.

I t  is a major assum ption th a t the 
composition of the prem ature infant's 
weight gain in the extrauterine envi
ronm ent is the same as th a t which 
would have occurred in utero over 
the same weight interval had the 
fetus not been delivered prem aturely. 
W ithout making this assum ption, it 
can be shown th a t during fetal growth 
the available da ta  on body composi
tion predict th a t  the energy storage 
and the to ta l energy cost of growth 
are considerably lower than  the simi
larly calculated values for growth in 
infancy after full term  birth . More
over, during fetal growth, composi
tional da ta  predict a varying energy 
storage due to  the changing compo
sition of weight gain. Below a body 
weight of 2 kg, the to ta l energy cost 
of growth is calculated as less than
10.5 kJ/g  weight gain. This low value 
is determined prim arily by the rela
tively small lipid content of weight 
gain in the very low weight range.

The question then arises: in growing 
prem ature infants, are values for 
energy storage and the to ta l energy 
cost of growth similar to  those cal
culated from the body composition

of the growing fetus ? To answer this 
question we required clinical studies 
of the energy balance of growing 
prem ature infants.

Energy Cost of Growth as Estimated by 
Clinical Physiological Studies

The energy cost of growth can be 
determ ined from measurement of the 
energy balance in growing subjects. 
For such measurements of the  energy 
cost of growth to be precise the  energy 
storage m ust be a relatively large 
fraction o f the gross energy intake; 
therefore, the subjects should be 
growing rapidly. During the late fetal 
and early postnatal periods, a  growth 
rate of 1.5% per day (15 g/kg day) 
is typical. Thus, energy storage is 
measurable with reasonable precision 
in growing prem ature infants by 
applying the energy balance prin
ciple. The study should ex tend  over 
a period th a t is long enough to 
measure weight gain precisely (10-14 
days). In  order to determine the 
increment in energy expenditure asso
ciated w ith growth, the subjects 
should be growing at different rates 
(i.e. there should be both fast growing 
and slowly growing or non-growing 
subjects included for comparison).

There are two general methods 
whereby the energy cost of growth 
has been deduced from energy ba
lance.

1. The to ta l energy cost of weight 
gain has been determined from the 
relationship between metabolizable 
energy intake and weight gain. The
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slope o f the  regression of m etabolizable 
energy  intake on weight gain describes 
th e  increment in m etabolizable 
energy  intake per gram  o f weight 
gain an d  has been taken to  represent 
th e  to ta l  energy cost in w eight gain. 
I t  should  be noted th a t th is  slope is 
determ ined  by the sum o f th e  incre
m en ts in both energy sto rage and in 
to ta l  daily  energy expenditure express
ed  p e r gram weight gain. The incre
m en t in to tal daily energy expendi
tu re  per gram weight gain is approxi
m ate ly  equal to the energy expended 
for grow th, although th ere  m ay be 
add itional factors to consider (see 
below).

2. The to tal energy cost o f growth 
has been calculated by  determ ining 
separa te ly  the energy storage and 
th e  energy expended for grow th, and 
add ing  the two.

E nergy  storage is calculated  from 
th e  energy balance:

E nergy  storage =  Gross energy in
tak e  — Energy excretion — Energy
expenditure.

The m ajor technical obstacle is the 
m easurem ent of to ta l da ily  energy 
expenditure . Energy storage can be 
re la ted  to  weight gain in tw o ways:
(1) by  the ratio m ethod, whereby 
energy  storage is divided b y  weight 
gain to  obtain the energy stored  per 
gram  o f weight gain (the ra tio  m ethod 
is theoretically  valid if, a t  zero weight 
gain , energy storage is zero [9]); and
(2) b y  th e  regression m ethod, whereby *

energy storage is plo tted  as a function 
of ra te  of weight gain, so th a t  the 
slope of the linear regression gives 
energy stored per gram  of weight 
gain.

The increase in energy expenditure 
in association with weight gain has 
been determ ined by the regression of 
to ta l daily  energy expenditure on 
weight gain. The slope of th is line has 
been taken  to give the increm ent in 
energy expenditure per gram  of weight 
gain. This can be held to  represent 
the energy expended in the  net syn
thesis of new tissue if one assumes 
th a t  o ther factors affecting to ta l daily 
energy expenditure are constant over 
the range of growth rates studied. 
However, this assumption would not 
be valid if, for example, activ ity  were 
to vary  systematically w ith growth 
rate. Thus, the slope of the regression 
of to ta l daily energy expenditure on 
weight gain gives a measure of the 
empirical relation between the two: 
determ inants of this relationship in
clude energy expended for growth 
and possibly other types of energy 
expenditure which vary  system ati
cally w ith growth rate.

The energy cost of growth has been 
calculated by the above m ethods in 
studies reported by Brooke et al for 
prem ature infants [1], and by Spady 
et al for malnourished older infants 
during recovery [8]. B oth  reports 
will be cited in order to  establish 
certain similarities and differences.

* The infants were fed  C ow  and G ate®  V Form ula. The gross energy o f  У  Formula 
as determ ined  by Brooke e t  al [1 ]  by  bomb calorim etry, was 344 k j/d l. This is 32% more 
th a n  th e  label declaration for m etabolizable energy (261 k j/d l). This large discrepancy is 
u n exp la in ed ; it should be borne in  m ind when considering the absolute values reported 
for gross energy intake, m etab o lizab le  energy and energy storage.
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Brooke et al. [1] studied growing 
prem ature infants, including several 
under 1500 g in b irth  weight. Meta
bolizable energy intake of these in
fants averaged 601 kJ/kg.day.* Total 
energy expenditure am ounted to 370 
kJ/kg.day. This left 230 kJ/kg.day 
for energy storage, which represented 
38% of metabolizable energy intake.

Brooke et al plo tted  weight gain 
(у-axis) as a function of metabolizable 
energy and stored energy (x-axis). We 
have re-analysed these da ta  in order 
to  display the energy variables as a 
function of weight gain (i.e. k J  
energy/g weight gain).

Figures 4 and 5 show th e  relation
ships between metabolizable energy 
in take and weight gain and  between 
sto red  energy and weight gain for 
the  prem ature infants stud ied  by 
Brooke et al. At zero weight gain, the 
m etabolizable energy intake was 349 
kJ/kg .day . Each gram of w eight gain 
was associated with an increm ent of
18.3 k J  in metabolizable energy 
in take. This is one estim ate o f the 
to ta l energy cost of weight gain. Each 
gram  of weight gain was associated 
w ith an energy storage o f 15.6 kJ.

F o r each gram of weight gain, the 
d a ta  of Brooke et al show a larger

F ig . 4. R elation betw een m etabolizable energy in take and weight gain in grow ing prem a
ture infants (data o f  Brooke e t al, ref. 1). The in tercep t (349 k j/k g  day) d efin es the 
m etabolizable energy intake a t zero w eight gain. T he slope o f the line (18.3 k J /g ) defines 

the total energy cost o f  w eigh t gain
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F i g . 5. R ela tion  betw een energy storage and w eigh t ga in  in  growing premature in fan ts  
(data o f  B rooke e t al, ref. 1). The slope o f line (15.6 k J /g ) defines the energy stored  per 
gram  w eig h t gain. As predicted the energy stored a t  zero w eight gain is n ot sign ifican tly

different from zero )

increm ent in metabolizable energy 
in take (18.3 kJ) than  could be ac
counted for as energy storage (15.6kJ). 
Therefore, as rate of weight gain 
increased, energy expenditure must 
have increased as well.

W e have performed fu rther ana
lyses of the  data  published by Brooke 
et al to  explore the source of the 
increased energy expenditure of rap
idly-growing infants. As rate  of 
weight gain increased, postprandial 
energy expenditure increased signif
icantly  (0.7 kJ/g) (Fig. 6) and resting 
energy expenditure increased signif
icantly  (4.0 kJ/g) (Fig. 7). These 
values, when added to  the energy 
storage equivalent of weight gain

(15.6 kJ/g), give an estim ate o f the 
to ta l energy cost of weight gain 
(20.3 kJ/g) which is greater th a n  the 
increm ent of metabolizable energy 
intake (18.3 kJ/g). This difference 
m ay be due to the decline in ac tiv ity  
energy expended by the babies with 
increasing weight gain; however, this 
relation was not significant s ta tis ti
cally. In  summary, as m etabolizable 
energy intake increased, to ta l energy 
expenditure increased, due to  in
creases in both resting and post
prandial energy expenditure. These 
increases were partially offset by  a 
fall in energy expended in activ ity .

The results obtained by re-analysis 
of th e  d a ta  of Brooke e t al for
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weight gain (g /kg .day)

F i g . 6. R elation betw een postprandial energy expenditure and w eight gain in growing 
premature infants (data o f  Brooke et al, ref. 1). Postprandial energy expenditure increases 

sign ificantly  (0.7 kJ/g) as rate o f w eight gain increases

growing prem ature babies m ay be 
contrasted with those obtained in an 
energy balance study  o f similar design 
in malnourished but recovering infants 
aged 8-18 months, reported earlier by 
Spady and co-workers [8] (Table I). 
The values for the two quite dis
parate groups are astonishingly simil
ar.

By contrast, the values for the 
(total) energy cost of weight gain tha t 
we have calculated from the data  of 
Brooke et al are considerably greater 
than  those we have calculated on the 
basis of increments in fetal body 
composition in the low-weight range 
(Table II). In  fact, the values obtained 
from the data  of Brooke et al. closer 
to  what would be predicted on the

basis of body composition for the 
growing term  infant during the first 
four months after birth. I t  is tempting 
to  speculate th a t  prem ature birth 
triggers a shift to  a more “m ature” 
composition of weight gain, compris
ing yet another example of precocious 
m aturation. However, error could 
also account for the discrepancy. 
Three kinds of error m ust be men
tioned in regard to the clinical study 
of energy balance.

F irst, the study of energy balance 
is beset by possibilities for error 
which all tend to  over-estimate energy 
storage. This results because of system
atic tendencies to over-estimate 
energy intake (e.g. because of milk 
remaining in the inside of tubes and
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weight gain lg/kg ,day)

F i g . 7. R e la tio n  between resting en ergy  expenditure and w eight gain  in growing prem ature 
Infants (d a ta  o f  Brooke et al, ref. 1). R estin g  energy expenditure increases significantly  

(4.0 kJ/g) as rate  o f  w eight gain  increases

syringes, undetected regurgitation) 
and to  underestim ate energy excre
tion (incomplete collection of stool or 
urine).

Second, there are numerous oppor
tun ities  for experimental error in the

study of energy balance which could 
affect the results in either direction. 
Examples include errors in the deter
mination of gross energy intake (dilu
tion error or non-homogeneity of milk 
feeding, error in bomb calorimetry)

T a b l e  I

E nergy  in ta k e , energy storage, and w eigh t gain in  prem ature infants and 8 -18  m onth
infants

Subjects

P rem ature 
infants 
(ref. 1)

8 -1 8  m onth  infants 
recovering from 

m alnu trition  
(ref. 8)

M aintenance energy  re q u ire m e n t, 
k j /k g  d ay 349 357

M etabolizable en erg y  in ta k e  p e r 
g ram  weight ga in , k J /g 18.3 18.4

E n e rg y  storage pe r g ra m  w eig h t 
ga in , k J /g 15.6 16.7
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T able II
Energy cost of weight gain (kJ/g)

Basis of estim ate

Body composition Clinical experim ent

Term  infant 
0 -4  m onth 

(ref. 2)

Prem ature
infant

(ref. 10, 11)
Prem ature 

in fan t 
(ret. 1)

Energy storage 18.6 4.2-8.4 15.6
Increment in energy 

expenditure 4.8 0.8-2.1 2.7-4.7

Total energy cost of 
weight gain 23.4 5.0-10.5 18.3-20.3

or errors in measurement of to ta l daily 
energy expenditure. As regards the 
s tudy  of Brooke et al, we have noted 
previously the unexplained large dis
crepancy between the  experim entally 
determ ined gross energy of the for
m ula and the label declaration of 
(metabolizable) energy. A modest 
overestimation of gross energy intake 
would result in a relatively large 
overestimation of calculated energy 
storage.

Third, there are problems related 
to  analysis. W hen an a ttem pt is 
m ade to  relate energy intake, expen
d iture  or storage to  weight gain, 
problems arise when other variables 
such as body weight, are related to 
both  the independent and dependent 
variables. For example, there m ay be 
a  positive correlation between m eta
bolizable energy intake and both 
body weight gain, so th a t for babies 
o f different weights regression ana
lysis of metabolizable energy intake 
(kJ/day) against weight gain (g/day) 
could result in a positive relationship 
largely attributable to  the relation

ship between metabolizable energy 
intake and body weight.

This problem is clearly recognized 
by both Brooke and Spady, who have 
sought to standardize for weight by 
expressing energy intake, energy ex
penditure, energy storage and weight 
gain in kilojoules/kilogram body 
weight or grams/kilogram body weight. 
The subsequent regression analysis of, 
say, metabolizable energy intake (kJ/ 
kg.day) on weight gain (g/kg.d) pro
duces a slope whose value is falla
ciously expressed as k J  metabolizable 
energy intake/grams weight gain.

T hat the expression

Mean kJ/kg  does not Mean k J  
Mean g/kg equal Mean g

is dem onstrated algebraically in the 
Appendix. The only conditions under 
which the two expressions are equiva
lent are obtained when either all 
babies are of the same weight or 
when the ratios of kilojoules m etabo
lizable energy intake to  gram s weight 
gain are identical between each sub
ject.
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The appropriate way in which to 
exam ine such a relationship is to 
estim ate  a partial regression coeffi
cient for each variable. Thus, for daily 
m etabolizable energy in take

M etabolizable Energy In tak e  (kJ) =: 
=  Energy Expended (kJ) -f- 

+  Energy Stored (kJ) (1)

if  Energy Expenditure (kJ) =
=  ax -f- bx Body W eight (kg) (2)

an d  Energy Storage (kJ) =
=  a 2 b2 W eight Gain (g) (3)

where ax and a2 are constan ts and bx 
b2 are the regression coefficients of 
the  equation.

Then

M etabolizable Energy In tak e  (kJ) =  
=  «1  +  a 2 +  bi Body W eight (kg) -f 

+  b2 Weight Gain (g) (4)

L et
constant A  =  ax -j- a 2 (5)

Then

M etabolizable Energy In tak e  (kJ) =  
=  A  -f- &i Body W eight (kg) -f- 

-+- b2 Weight Gain (g) (6)

The solution to this question is now 
available using m ultiple linear re
gression analysis. This will give a  true 
estim ate  of the coefficient b2, the 
slope o f metabolizable energy intake 
on w eight gain, in kilojoules per gram.

U nless the  relationship betw een the 
dependent and independent variables 
is such th a t  the line of best f it  passes

through the  origin, quite different 
results m ay be anticipated from the 
two relationships:

У (kJ/kg) =  A  +  bx (g/kg)

and

У' (kJ) =  A '  +  \ x '  (g) -f 62 W t(kg)

Certainly the regression equation 
between m etabolizable energy intake 
and weight gain has a substantial 
intercept quite different from the 
origin (Fig. 4) and we m ay expect 
the regression coefficients (kJ/kg on 
g/kg; versus k J  on g) to be quite 
different.

On the o ther hand where the line 
of best fit passes close to the origin 
(i.e. where A  approximates zero) we 
m ay expect the  regression coefficients 
to be sim ilar for both calculations.

The m ultiple linear regression model 
allows to  m ake estimates (by ex tra 
polation) o f metabolizable energy 
intake when weight gain is zero for 
infants of specified weight — thus, 
from equation 6 a t zero weight gain

Metabolizable Energy Intake (kJ) =  
=  A  +  b, W t (kg).

The m ultiple linear regression model 
allows for adjustm ent of these regres
sion coefficients as further variables 
are identified and added.

We are unable to  re-examine the 
data  of Brooke or Spady by m ultiple 
linear regression, as daily weights 
were not published. Further work on 
energy balance w ith close a ttention 
to the three m ajor sources of error
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described above will give closer esti
m ates of the energy cost of growth. 
This information along w ith nitrogen 
balance will make it possible better to 
in terpret the composition of weight 
gain in the low birthweight infant.

A p p e n d i x

Consider three subjects, o f  w eight wx, 
w t and w3 kilograms respectively, whose 
daily w eight gains are glt g2 and g3 grams 
per day and whose daily  energy intakes are 
respectively eu e2 and e3 k j /d a y .

Then energy intakes (k j/k g .d ay) are

Gi e3 e3
w l ’ w 3 ’ w3

and w eight gains (g/kg.day) are

th 9t 9a 
w t ’ w 3 ’ w 3

so that m ean energy intake in  k j/k g .d a y  is

so m ean energy intake (kJ) divided by  
m ean w eight gain  (g) is

ei -f~ et 4~ e8
9i +  9г +  9а

Now

elw 3w 3 -|- e2wlw3 -}- e3wlu>3 
9iw iw3 +  g2wlw3 4- gewpuw

e3 4- 6» 4~ ea 
9i +  9 J 4- 9a

unless e ither w 3 =  w 3 =  w3 
and/or

e i _ e 2 __ Ga

9i ~  9a ~  9a

I t  is a  condition  o f the linear regression  
m odel th a t the line o f best f it  passes 
through the m ean value for у  and the  
m ean value for x. As this point m ay  
differ accord ing to  the mode o f expression  
o f variables (k j/k g  or kJ, g /kg or g) then  
it  follow s th a t the linear regression m odel 
cannot be identical for both typ es o f  
analysis, unless either of the two conditions 
above is present.

and m ean w eight gain in g /kg .day  is

Í Ü L +  » ' . 4 f t ) r 3w 3 W3J

Therefore mean energy intake (kJ/ 
kg.day) divided by m ean w eight gain
(g/kg-day) is

9 1

+ u,,

+  ~  +

ea
w3
9a

etw 3w3 4- e3w{w3 -f- e3w tw 2 
9iw awa +  9 aw iw a +  9aw iw a

N ow  m ean daily energy in take (kJ) equals

ei  4~ ei  4~ e8
3

and m ean w eight gain (grams) equals

9, +  9a +  9 a 
3
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