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Early postnatal growth in preterm  infants
M F e k e t e , T D e c s i

D e p a rtm e n t o f P a e d ia tr ic s , U n iv e rs ity  M edical School, Pécs, H u n g a ry

C hanges in  w e ig h t o f  50 p re te rm  in fa n ts  (gesta tional age  32.7 ±  0-3 
w eeks, b ir th w e ig h t 1772 ±  49 g) w ere s tu d ie d  d u rin g  th e  p e rio d  o f  th e  0 — 4 
p o s tn a ta l w eeks. I n t ra u te r in e  w eigh t g a in  o f  fe tu ses w ith  e q u iv a le n t g e s ta 
tio n a l age, w eigh t p e rcen tile  position  a n d  sex  w as ca lcu la ted  a n d  u sed  as  a  
con tro l. S tu d y  in fa n ts  ach ieved  sig n ifican tly  less w eigh t b y  ag e  o f  4 w eeks 
(116.2 ±  1.2% ) th a n  i t  cou ld  h av e  b een  ex p ec ted  th e o re tic a lly  (144.7 ±  
±  1.0% ). G ro w th  p e rfo rm an ce  d id  n o t  c o rre la te  sign ifican tly  w ith  calorie 
in tak e , b u t w as c losely  re la te d  w ith  g e s ta tio n a l age.

The outlook for survival of low 
birthweight and/or preterm infants 
with major pathology has been im
proving remarkably due to recent 
progress in intensive perinatal care. 
The successful treatment of severe 
acute disorders of neonatal adapta
tion, however, results in new chal
lenges to the clinician. Among these 
the clarification of the criteria of 
optimum postnatal growth and nutri
tion of preterm infants [4] seems to 
have a special importance from the 
point of view of long term progno
sis [2].

Our study was undertaken to in
vestigate the growth performance of 
preterm newborn infants during the 
highly critical period of the first four 
postnatal weeks, on the one hand. On 
the other hand, an attempt was made 
to look for factors which determine or 
influence early postnatal growth in 
preterm infants.

P a t i e n t s  a n d  M e t h o d s

D u rin g  th e  perio d  fro m  1/1/1983 to  
31/12/1983 a ll p re te rm  (g e s ta tio n a l age 
<( 36 w eeks) bab ies a d m i t te d  to  o u r 
N eo n a ta l In te n s iv e  C are U n it w ith in  24 h  o f 
b ir th  w ere  en ro lled  in  th e  s tu d y , p ro v id ed  
th a t  fu ll o r  p a r t ia l ly  o ra l feed in g  could  
be e s tab lish ed  w ith in  7 d a y s  p o s tn a ta l ly  
a n d  h o sp ita l care  w as n e ce ssa ry  fo r 4 
w eeks a t  leas t. T hose w ith  co n g e n ita l m a l
fo rm atio n s  w ere excluded  b u t  n o t  th e  ones 
w ith  a n y  o th e r  k in d  o f  p a th o lo g y . A fte r 
a ll, th o  d a ta  o f  50 p re te rm  b a b ie s  (33 m ales 
a n d  17 fem ales) w ith  g e s ta tio n a l ag e  an d  
b ir th w e ig h t (m oan i  SEM , ra n g e  in  p a 
ren th e se s) o f  32.7 ±  0.3 (28— 36) w eeks 
a n d  1772 ±  49 (1050—2500) g , resp ec
tiv e ly , cou ld  bo used  fo r f u r th e r  ana ly s is . 
O f th e  50 s tu d y  su b jec ts  14 w ore considered  
to  be sm all fo r d a te s  b o th  b y  ph y sica l 
ch a ra c te ris tic s  an d  th e ir  w e ig h t fo r g e s ta 
tio n a l ago (<. 10 percen tile ).

I n  15/15(30% ) cases th e  p re g n a n c y  w as 
co m p lica ted  w ith  p a th o lo g y ; 6/50(12% ) 
new born  in fa n ts  suffered  fro m  severe 
p ro p a r ta l o r sub  p a r tu  a sp h y x ia  a n d  needed 
re su sc ita tio n . 35/50(70% ) b ab ie s  deve loped
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h y a lin e  m em brane  d isease  o r  a sp h y x ia -re 
la te d  c a rd io re sp ira to ry  d is o rd e rs ;  a ll o f 
t h e m  n e e d e d  oxygen o r  v e n t i la t io n  th e r 
a p y .  A n tib io tic s  w ere a d m in is te re d  to  
2 1 /6 0 (4 2 % ) p a tie n ts  b ecau se  o f  p ro v e d  or 
s u s p e c te d  infections o f  v a r io u s  o rig in . I n  
4  o f  t h e  new born  in fa n ts  t h e  p o s tn a ta l  
co u rse  w a s  com pletely  u n e v e n tfu l .

F o r  feed ing , b a n k e d  h u m a n  m ilk  w as 
u s e d  p rim a rily . 8 in fa n ts  re c e iv e d  only 
6— 1 0 %  glucose in  w a te r  d r ip  in fusion  
th r o u g h o u t  th e  f irs t 3.1 ±  0 .6  d a y s  o f life. 
I n  41 b a b ie s  hu m an  m ilk  fe e d in g  h a d  to  be 
c o m p le te d  w ith  5— 10%  g lu co se  in  w a te r 
in fu s io n  fo r 4.6 ± 0 . 4  d a y s , b e fo re  full 
o ra l  fe e d in g  could be  e s ta b lis h e d . F ro m  
d a y  13.7 ±  1.2 onw ards, 28 in f a n ts  received 
a  h u m a n iz e d  fo rm u la  m ilk  (R obebi-A  
E G Y T ) su p p lem en ta tio n . A ll b a b ie s  w ere 
fe d  e i t h e r  b y  b o ttle  o r g a v a g e . T h e y  w ere 
w e ig h e d  d a ily  to  an  a c c u ra c y  o f  10.0 g. 
T o ta l  c a lo rie  in take  w as c a lc u la te d  every  
d a y  in  e a c h  in fan t, c o n s id e rin g  th e  daily  
v o lu m e  a n d  quality  o f  fo o d  a n d /o r  infusion 
f lu id  a d m in is te re d . T he e n e rg y  c o n te n t o f 
th e  h a n k e d  hum an  m ilk  a n d  t h e  fo rm ula  
m ilk  w a s  d e te rm ined  b y  u s in g  reference  
d a t a  a s  to  th e ir  n u tr ie n t co m p o s itio n .

F o r  s ta tis tic a l analysis s t a n d a r d  m a th e 
m a t ic a l  m e th o d s  w ere u se d . C h an g es in  
w e ig h t w ere  expressed b o th  in  g /k g  and  
p e r  c e n t  o f  b irth w e ig h t, c o n s id e rin g  th e  
w e ig h t a t  b ir th  as being 100% , in  th e  la t te r  
case . I n  a n  a tte m p t to  q u a lify  t h e  p o s tn a ta l 
g ro w th  i t  w as assum ed t h a t  i t  sh o u ld  close
ly  c o rre sp o n d  to  th e  g ro w th  r a t e  o f  fe
tu s e s  o f  th e  sam e g e s ta tio n a l a g e  a n d  sex.

T h ere fo re , fo r  com parison  th e  4 w eeks tim e  
g ro w th  r a t e  o f  fe tu ses m a tc h e d  b y  
g e s ta tio n a l age , sex  a n d  w eig h t p e rcen tile  
p o s itio n , w a s  ca lcu la ted  b y  u sin g  o u r  local 
in t r a u te r in e  g ro w th  ch a rts .

R e s u l t s

T a b le  I  shows the weekly changes 
in calorie intake, hody weight and 
the incremental changes in weight of 
the 50 preterm babies studied. It can 
be seen that most of the infants re
gained their birthweight by the age of 
2 weeks, from which time onwards a 
steady rise in weight could be observed 
(Fig. 1). In fact, however, by the 
end of the 4th postnatal week the 
study infants gained significantly less 
weight than their theoretical in utero 
controls (116.2 ±1-2% vs 144.7 ±  
±  1-0%, p <  0.001; birthweight 
considered to be 100%). On cor
relation analysis no significant rela
tionship was found between mean to
tal energy intake (120.8 ±  2.2 kcal/ 
kg/day) and percentual rise in body 
weight throughout the 4 weeks study 
period, and no significant correlation 
existed between the weekly incremen
tal changes in weight and weekly 
mean calorie intake either.

T a b l e  I

W e e k ly  calorie in take , p e rc e n tu a l  changes in w e ig h t a n d  in crem en ta l changes o f  bo d y  
w e ig h t in  50, 0— 4 w eek s  o ld  p re te rm  b ab ies  (m ean  ±  SEM ). B irth w e ig h t 

co nsidered  to  h e  100%

Calorie intake 
keal/kg/day

Body weight in  
per cent of 

birthweight

W eekly incremental 
changes in weight, g

l e t  w e e k 8 3 . 5 ± 3 . 1 9 6 ± 0 . 6 —  6 6 . 2 ± 1 3 . 3
2 n d  w e e k 1 3 1 . 2 ± 3 . 1 9 9 ± 0 . 8 +  6 9 . 8 ±  1 0 .0
3 r d  w e e k 1 3 3 . 9 ± 2 . 7 1 0 6 ± 0 . 9 - f  1 2 6 .0  ±  8 .5
4 th  w e e k 1 3 3 . 8 ± 3 . 1 1 1 6 ± 1 . 2 -)-  1 7 2 .2  ± 1 0 . 8
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P o s tn a ta l  a g e , weeks

F ig . 1. P o s tn a ta l w eigh t g a in  (m ean  ±  SEM ) in  60 p re te rm  in fan ts  (------ ) ex p re ssed  in
p e rcen tag e  o f b ir th w e ig h t ( =  100% ), co m p ared  w ith  ca lcu la ted  w eigh t g a in  o f  fe tuses

w ith  eq u iv a len t g e s ta tio n a l age, w e ig h t percen tile  a n d  sox (------- ), d u r in g  a  p e rio d
o f  4 w eeks

In studying the relationship of 
gestational age and birthweight to 
postnatal growth performance, a sig
nificant positive correlation was found 
between the maturity of the infants 
and the percentage increase in weight, 
attained by 4 weeks age (r — 0.43, 
p <  0.01). Correspondingly, a strong 
negative correlation (r — — 0.66, 
p •< 0.001) existed between gestational 
age and the difference between 
the optimum (control) and the d e  

f a c to  growth performance produced 
by the end of the study period (Д  
OPG). Birthweight was not related 
with early changes in weight.

In order to eliminate the effect of 
the initial weight loss and stagnation, 
the weight gain of each infant between 
his or her minimum and peak value has 
also been calculated and expressed 
as a function of birthweight kg. 
Figure 2 shows that minimum-maxi

mum weight increase/kg birthweight 
correlated significantly (r -= 0.53, 
jD -< 0.001) with gestational age, but 
again, not with calorie intake. Fur
thermore, no close relationship was 
found between calorie intake and 
gestational age either.

Early postnatal growth of new
born infants may well be influenced 
by the duration of weight stagnation 
and/or the extent of the initial weight 
loss as well. Therefore, we examined 
whether or not the gestational age 
correlated with the extent of maxi
mum weight loss and the postnatal 
age of babies when they began to 
thrive steadily, after having regained 
their birthweight. No significant cor
relation could however be detected 
between these parameter-pairs.

Table II shows some growth char
acteristics of the 14 small for dates 
preterm infants when they were con-
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? 8  ' ' 32 36
Gestational ag e , w e e k s

F ig . 2. Mmimm-maximiim weight gain (g/birthweight kg) by the age of 4 weeks 
against gestational age in 50 preterm newborn infants

sidered  separatedly from  norm ally  
grow n babies. D esp ite o f a closely  
sim ilar m ean calorie in tak e over  the 4 
w eeks long study period, sm all for 
d ates in fants had sign ifica n tly  less 
in itia l w eight loss (2.7 zk 0.6 vs  
8.0 ±  0 .7%  of birthw eight, p <  0.001) 
and began  to thrive m u ch  sooner

(11.6 zk 0.8 vs 16.5 zk 0.8 postn ata l 
days, p  <  0.01) than the norm al for 
dates babies. This m ay w ell exp lain  
th at b y  th e  age of 4 weeks, grow th  
retarded in fan ts had gained signifi
cantly  m ore w eight, expressing it  as a 
percentage of birthw eight (24.9 zk 
zk 2.4 v s  12.3 ±  1.0%, p <  0.001) or

T a b u e  I I

C h a ra c te r is tic s  o f  ea rly  p o s tn a ta l  g ro w th  in  4 w eeks o ld  sm a ll fo r d a te s  a n d  n o rm a l for 
d a te s  p re te rm  in fan ts (m ean  ±  SEM )

SFD (14) NFD (36) P

Birthweight (g) 1668±73 1813±62 ns
Gestational age (week) 34.3±0.4 32.1 ±0.3 **
Calorie intake (k ca l/k g /d ay ) 121±4.8 119±5.3 ns
M axim um  weight loss (per c en t) 2.7±0.6 8.0±0.7 ***
Thriving begins (day) 11.6±0.8 16.5±0.8 **
Weight gain (per c e n t o f  b irthw eigh t) 24.9 ±2.4 12.3± 1.0 ***
M inim um -m axim um  weight gain 

(g/kg b irthw eigh t)
282 ±19 196 ±10 ***

AOPG (per cent) 17.6±3.1 32.8±1.5 ***

S tu d e n t’s t te s t  ** p  <  0 .01 ; *** p <  0 .001;
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P ostnatal a g e , w eeks

F ig . 3. E a r ly  p o s tn a ta l ch an g es  in  w eigh t in  36 p re te rm  n o rm al fo r d a te s  ( ф — ф )  an d  
14 sm all fo r d a te s  ( O — O)  in fan ts  (m ean ±  SEM ). B ir th w e ig h t considered  to  be

100%

as a weight gain/birthweight kg ratio 
(282 ±  19 vs 196 ±  10 g, p <  0.001). 
When postnatal growth curves of nor
mal and small for dates infants were 
compared to each other (Fig. 3) from 
the age of 2 weeks onwards they 
seemed to run remarkably parallel. 
Thus the conclusion was drawn that 
the growth delay in normally grown 
preterm infants is probably due to some 
factor(s) interfering temporalily with 
food digestion, absorption or utiliza
tion. Both maturity per se or gesta
tional age-related perinatal pathology 
could have a role in this phenomenon, 
but the present observations provided 
ground only for speculations.

D is c u s s i o n

Being borne before term is ob
viously nonphysiologic, therefore the 
question arises whether it is possible

at all to delineate the normal early 
postnatal growth of such babies. In 
spite of well grounded considerations 
against it, the principle has widely 
been adopted that the postnatal 
weight gain of preterm babies should 
be measured against growth curves 
of fetuses with equivalent gestational 
age, percentile position and sex [1, 9].

When comparing the postnatal per
centage increase in weight of 50 pre
term infants to the percentage rise in 
weight of 50 fetuses matched for par
ameters indicated above, a signifi
cant delay in growth was observed at 
the postnatal age of 4 weeks. In 
contrast with the expected gain in 
weight of 144.7 ±  1-0% their post
natal weight accumulation was only 
Ц6.2 d: 1.2%, on the average. Post
natal slow-down of growth in preterm 
infants may be caused by a reduced 
nutrient supply or transient and
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partial insufficiency in the utilization 
mechanisms, or both. As for the first 
possibility, in accordance with others 
[3, 7] we could find no relationship 
between total calorie intake and 
weight gain of infants, considering 
the whole study period. Prom the 
beginning of the second postnatal 
week onwards, a calorie intake of 
around 130 kcal/kg/day was provided 
to the babies, but the weekly incre
mental changes in body weight seemed 
not to be related to the infants’ 
energy supply, neither in the period of 
weight stagnation (1st— 2nd week), 
nor in the period when weight 
gain has already begun (3rd—-4th 
week).

On further search for growth regu
lating factors we found a very strong 
positive relationship between gesta
tional age and early postnatal growth. 
The more mature the infant at birth a 
higher increase in weight was achieved 
by the postnatal age for 4 weeks, 
independently of whether the weight 
gain was expressed in percentage of 
birthweight or calculated as a mini- 
mum-maximum weight increase per 
birthweight kg. At the same time, 
calorie intake, the extent of initial 
weight loss and the duration of post
natal weight stagnation were not re
lated with the gestational age of the 
babies.

G esta tion a l age-related early  
g ro w th  delay m ay be due to  perinatal 
p a th o lo g y  more frequently occurring  
to  m ore premature babies an d  in ter
fer in g  in  a way w ith u tiliza tio n  and  
m eta b o lism  of nutrients. A  m ore p lau
sib le  explanation  is, h ow ever, th a t

the growth promoting effect of the 
food supplied in our present clinical 
practice decreases nearly parallel 
with the diminishing gestational age 
of the infants. Consequently, in sup
port of previous reports [3, 5, 6, 7, 8] 
it may he concluded that calorie in
take by itself does not have a primary 
role in determining early postnatal 
growth performance. Certainly, much 
depends on the nutrient composition 
of the food and also the gestational 
age-related functional maturity of 
the newborn infant.

Comparison of the growth param
eters of normal and small for dates 
newborn infants revealed a signifi
cantly faster weight gain in retarded 
than in normally grown babies, in 
spite of a closely' similar mean calorie 
intake over the whole study period. 
The explanation for the difference 
most likely is that small for dates in
fants being more mature functionally 
had more efficient food utilization 
and less severe weight loss, after 
which they began to thrive much 
sooner than the normal for dates 
babies. The notably parallel postna
tal weight gain curves of normal and 
small for dates infants from the time 
onwards when they had begun to 
thrive, reflect, however, a similar 
growth rate capacity in the two 
groups of infants, if once the period 
of initial weight stagnation is over. 
But it is to be emphasized that inter
pretation of this finding needs caution 
since the links between fetal nutri
tional status and postnatal growth are 
fairly complex, and to investigate it 
was not the primary aim of the pres-
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ent studies. For the reason that small 
for dates infants had more advanced 
gestational age than the normally 
grown babies, the question remains 
unanswered, whether the difference in 
growth performance was due to the 
different maturity or to the different

body composition of infants in the 
two groups.
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