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Abstract
Aim—To observe changes in body compo-
sition during the first week after birth, in
preterm neonates with and without respi-
ratory distress syndrome (RDS), so as to
be able to provide optimal fluid and energy
intake.
Methods—Twenty four babies with RDS
and 19 healthy preterm babies, with
gestational ages ranging from 26–36
weeks, were studied daily for the first week
after birth. Total body water (TBW) was
measured using bioelectrical impedance
analysis. The babies were weighed daily
and a record made of fluid and energy
intake. Body solids were calculated as the
diVerence between body weight and TBW.
Results—There was a highly significant
reduction in body weight by the end of the
week, with the RDS babies losing more
than the healthy babies (RDS 7.6%; non-
RDS 3.7%). There was no significant
diVerence in the amount of TBW at birth
in the babies with and without RDS (RDS
85.1%; non-RDS 85.5%) and both groups
lost the same amount of body water (RDS
10.9%; non-RDS 9.9%) by the end of the
first week. The amount of total body water
lost was unrelated to the volume of fluid
administered. There was a loss of body
solids during the first day in the RDS
group, but, overall, there was a highly sig-
nificant increase in both groups between
birth and day 7, which was greater in the
healthy babies (RDS 13.0%; non-RDS
42.7%).
Conclusions—Loss of body water after
birth occurs to the same extent in healthy
preterm neonates and in babies with RDS
and is unrelated to the volume of fluid
administered. Given adequate nutritional
support, an increase in body solids can
accompany early postnatal weight loss and
begins almost immediately after birth, in
both healthy preterm babies and babies
with RDS.
(Arch Dis Child 1997;77:F28–F31)
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There are conflicting data regarding the nature
of postnatal weight loss and alterations in body
composition in the first week after preterm
birth,1–3 making it diYcult to optimise fluid and
nutritional support for sick preterm babies.
Earlier studies may no longer be informative,

given the substantial changes in neonatal man-
agement that have occurred during the past
decade.
Estimates of body water content have in the

past relied mainly on invasive dilution methods
utilising stable isotopes. As a result, each infant
could only be studied once or twice in a short
period, making ascertainment of changes over
a short time span diYcult. There have
therefore been very few studies assessing longi-
tudinal changes in body composition, in the
immediate postnatal period. Assessment using
bioelectrical impedance analysis oVers a poten-
tial way out of these diYculties.4

Postnatal fluid balance seems to be an
important influence on morbidity in babies
with respiratory distress syndrome (RDS).5–8

Preterm neonates are also at high risk of poor
growth. The aim of this study was, therefore, to
observe changes in body composition during
the first week after birth, in preterm neonates
with and without RDS.

Methods
Preterm babies, admitted to the neonatal
intensive care units at Queen Charlotte’s and
Chelsea and Hammersmith Hospitals and
without evidence of renal, gastrointestinal, car-
diac or hepatic disease, were eligible. The study
formed part of a larger investigation of bioelec-
trical impedance analysis in neonates and was
approved by the Research Ethics Committee of
the Royal Postgraduate Medical School and
Hammersmith Hospitals Trust. Informed pa-
rental consent was obtained.
Babies were allocated into one of two groups

based on the presence or absence of RDS. The
RDS group consisted of preterm babies with
RDS, defined as a need for supplemental oxy-
gen in conjunction with characteristic radio-
graphic appearances. The non-RDS group
were healthy preterm babies who had no addi-
tional oxygen requirement or need for respira-
tory support, other than at resuscitation, or an
FIO2 of no more than 0.4 for less than 24
hours. Daily enteral and parenteral fluid and
energy intakes were recorded for each baby.
Breast milk was assumed to have an energy
content of 67 kcal/100 ml.

BIOELECTRICAL IMPEDANCE MEASUREMENTS

Starting on the first day after birth, daily
bioelectrical measurements were made for one
week. Bioelectrical resistance (R) was meas-
ured at 50 kHz, using tetrapolar surface
electrodes, placed on the left hand and left
ankle, as described before.9 Babies were
weighed daily by one of the investigators (WT)

Archives of Disease in Childhood 1997;77:F28–F31F28

Department of
Paediatrics and
Neonatal Medicine,
Royal Postgraduate
Medical School,
Hammersmith
Hospital,
Du Cane Road,
London W12 ONN.
W Tang
N Modi

Department of
Medical Statistics
D Ridout

Correspondence to:
Dr Neena Modi.

Accepted 2 February 1997

 on M
ay 18, 2023 by guest. P

rotected by copyright.
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/fn.77.1.F
28 on 1 July 1997. D

ow
nloaded from

 

http://fn.bmj.com/


using electronic scales, accurate to 1g. Net
body weight was obtained by subtracting the
weights of any attachments. Foot length (L)
was measured at the start of the study, as we
have already shown that there is no significant
change in foot length over a period up to 10
days.
Total body water (TBW) was derived from

the predictive model:
TBW = 0.016 + 0.674 wt − 0.038 wt2 + 3.84 L2/R.
We have shown that this model accounts for
99.5% of the variation in TBW and has a 95%
prediction interval of 165 ml.9

DATA ANALYSIS

Body solids were calculated as the diVerence
between body weight and TBW. Body compo-
sition was defined as TBW as a percentage of
body weight. The change in body weight, body
composition, TBW and body solids was calcu-
lated as the percentage change from the value
on day 1. Unless stated otherwise, data were
reported as the mean and standard deviation or
mean and range. Overall comparisons of
changes from birth were performed using the
paired Student’s t test and comparison of
changes between the groups using the two
sample t test. Analysis of covariance was used
to compare the relation between loss of TBW
and volume of fluid administered, between the
two groups over the seven day study period.

Results
Twenty four babies fell into the RDS group and
19 into the non-RDS group. There was no sig-
nificant diVerence in birthweight between the
groups (mean: RDS group, 1.571 kg (range
0.458 to 3.100); non-RDS group, 1.769 kg
(range 1.195 to 2.270); P=0.27), but the RDS
babies were of a lower gestational age (mean:
RDS group, 30 weeks (range 26 to 36;
non-RDS group, 32 weeks (range 28 to 34);
P=0.02). Six babies in the RDS group and two
in the non-RDS group were below the 10th
centile for birthweight.
In the RDS group nine babies were given

one dose of surfactant and 11 received two
doses. The RDS babies all required oxygen
treatment from birth, and 20 required positive
pressure ventilation. By day 7, the last day of
the study, only three babies remained venti-
lated. Fourteen more still required oxygen,
with a requirement ranging from 23-44%.
Seven were breathing without respiratory sup-
port, in air. The median duration of mechani-
cal ventilation was four days and median
requirement for supplemental oxygen, two
days.
Table 1 shows the summary changes in body

weight, body composition, TBW, body solids

and energy and fluid intake during the study
week, for the two groups of babies. Figures 1 to
4 show the daily change in body weight, body
composition, TBW and body solids, for each
group.
Overall, there was a highly significant reduc-

tion in body weight between birth and day 7
(P<0.001). The RDS group lost significantly
more weight than the healthy babies (RDS
7.6%; non-RDS 3.7%) (table 1). In the RDS
group body weight reached a nadir of 8.6%
below birthweight on day 5 and in the
non-RDS group, on day 3, at which time it was
5.9 % below birth weight (fig 1).
There was no diVerence in body composi-

tion between the two groups at birth. The RDS
group had a TBW content of 85.1% of body
weight on the first day and the non-RDS
group, 85.5% (fig 2). Figure 3 shows the
pattern of loss of body water in the two groups.
By the end of the first week, there was a highly
significant loss of total body water (P<0.001).
However, there was no diVerence in the
amount of body water lost by each group (RDS
10.9%; non RDS 9.9%) (table 1).
There was a significant diVerence between

the groups in the change in body composition

Table 1 Mean (SD) body composition, energy and fluid intake, birth to postnatal day 7, in both groups of babies

RDS (n=24) non-RDS (n=19) DiVerence in means 95% CI of diVerence P value

% change in bodyweight −7.6 (4.4) −3.7 (4.0) 3.9 1.4, 6.6 < 0.01
Change in body composition
(%) −3.5 (2.8) −6.5 (3.2) −3.0 −1.1, −4.8 < 0.01

% change in TBW −10.9 (4.2) −9.9 (4.1) 1.0 −1.6, 3.6 0.45
% change in body solids 13.0 (20.0) 42.7 (40.8) 29.6 10.5, 48.8 < 0.01
Energy intake (kcal/kg/day) 68.2 (14) 90.9 (11) 22.7 14.8, 30.6 < 0.001
Fluid intake (ml/kg/day) 133 (18.3) 143 (10.1) 10.0 0.2, 19.2 0.045

Figure 1 Weight as a percentage of birthweight, days 1 to
7: RDS (solid line) and non-RDS (dotted line) babies;
mean ± 95% confidence intervals.
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Figure 2 Body composition (total body water as a
percentage of body weight), days 1 to 7: RDS (solid line)
and non-RDS (dotted line) babies; mean ± 95% confidence
intervals.
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by day 7 (table 1). This was due to a difference
in the change in body solids. There was a loss of
body solids during the first day in the RDS
group, but thereafter an increase. In the
non-RDS babies body solids showed an imme-
diate increase from birth (fig 4). Overall, there
was a highly significant increase in body solids
between birth and day 7 (P<0.001), which was
greater in the healthy babies (RDS 13.0%;
non-RDS 42.7%) (table 1).
The healthy, non-RDS group received a

highly significantly greater mean energy intake
than their sick counterparts, in contrast to only
a marginal diVerence in mean fluid intake
(table 1). There was no relation between the
volume of fluid administered and loss of body
water in individual babies (P=0.41).

Discussion
In preterm babies postnatal weight loss has
been attributed to both loss of body water and
catabolism.1–3 Several authors have described a
loss of extracellular fluid after birth. In babies
with RDS this seems to be delayed and is ulti-
mately marked clinically by the diuresis that
accompanies improving respiratory funct-
ion.10–13 It has been recommended that fluid
treatment for infants with RDS should be
restricted, to promote a postnatal weight loss,
and because of concerns regarding the ability
of preterm babies with RDS to handle a water
load.14

The results of the study reported here
concur with those of other investigators1 3 15 16

in showing an initial loss of body water, but are
of particular interest is that both groups lost the

same amount of body water by the end of the
first postnatal week—around 10% of the body
water content present at birth. This identical
loss occurred despite their diVerent clinical
status, a highly significant diVerence in energy
intake, and only a marginal diVerence in fluid
intake. Loss of body water was not related to
the volume of fluid administered. This sup-
ports the view that postnatal body water loss is
physiological and occurs in healthy babies as
well as in babies with RDS.17 Our study also
shows that restricting fluid intake in babies
with RDS is both unnecessary and detrimental,
as restriction of nutritional intake is an inevita-
ble consequence of fluid restriction. Despite
concerns about excessive fluid intakes in
preterm babies, Coulthard and Hey18 have
clearly shown that stable, preterm babies are
able to tolerate intakes of 200 ml/kg from the
third day after birth. In this study none of the
subjects had extremely severe RDS or went on
to develop chronic lung disease, both of which
have been associated with a failure to show
early loss of body water and loss weight after
birth.5 8 This is probably related to an inappro-
priate early sodium intake rather than excessive
fluid volumes.17

In this study babies started parenteral nutri-
tion with an amino acid containing solution,
during the first 48 hours. Unit policy, with
regard to the introduction of enteral feeds, is to
aim to start small volumes within the first 48
hours. The preferred feed is either mother’s
own or bank breast milk. If neither is available
a preterm formula is used. Babies receive this
combination of parenteral and enteral nutrition
with the aim of both optimising energy intake
and promoting gastrointestinal tolerance to
enteral feeds. The babies with RDS received a
smaller energy intake than the healthy babies
and although they showed an initial loss of
body solids, this was limited to the first day
after birth. Thereafter both groups accrued
body solids steadily, the non-RDS group to a
greater extent than the RDS group. By end of
the first week, body solids were 42.7% greater
than at birth in the healthy non-RDS group, in
contrast to 13.0% in the babies with RDS.
This is the first study to show an early

increase in body solids in preterm babies with
RDS. Van der Wagen et al19 found evidence of
catabolism, in babies receiving an energy intake
of 47 kcal/kg/day, during the period of initial
weight loss. Bauer et al15, in a study of eight
ventilated neonates of median gestational age
28 weeks, receiving an energy intake ranging
from 26–57 kcal/kg/day, found an initial loss of
total body water, but no change in body solids
during the first two weeks after birth. In a later
study,16 of 14 appropriately grown infants with
a mean gestational age of 31 weeks, eight of
whom required ventilation during the first two
days after birth, the mean energy intake during
the first week was 88 kcal/kg/day. This energy
intake was similar to that in our study, but,
unlike us, these authors found no increase in
body solids, although there was a significant
loss of body water.
Heimler et al20 studied 14 preterm neonates,

some of whom were ventilated. Mean

Figure 3 Total body water (TBW) during the first week
after birth, as a percentage of TBW on day 1: RDS (solid
line) and non-RDS (dotted line) babies; mean ± 95%
confidence intervals.
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Figure 4 Body solids during the first week after birth, as a
percentage of body solids on day 1:RDS (solid line) and
non-RDS (dotted line) babies; mean ± 95% confidence
intervals.
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gestational age was 31 weeks and mean energy
intake was 56 kcal/kg/day. No significant
increase in body solids was seen by day 7.
Recently, Singhi et al3 have shown a 12%
increase in body solids by day 12, when birth-
weight was regained. This, however, was in
healthy Indian babies between 31–36 weeks
gestation, receiving either enteral feeds or
intravenous dextrose.
In conclusion, this study has shown that,

although a good guide to fluid balance, weight
changes in the first days after birth are a poor
guide to nutritional management and should
not be used as such. There is no diVerence in
the amount of total body water at birth in the
babies with and without RDS. Both groups
lose an identical amount of body water by the
end of the first week, and this is unrelated to
the volume of fluid administered.
The study also shows that, given adequate

nutritional support, an increase in body solids
can accompany early postnatal weight loss and
can begin immediately after birth, even in pre-
term babies. In babies with RDS a mean energy
intake of 68 kcal/kg/day during the first week
restricted postnatal catabolism and loss of body
solids to a single day. However, the increase in
body solids in the healthy babies was signifi-
cantly greater than in the RDS babies. The
cause of this poorer growth performance in
babies with RDS is probably a reflection of the
reduced energy intake, although diVerences in
energy expenditure might have contributed.21

It remains to be seen whether, gastrointestinal
and parenteral tolerance permitting, improved
energy delivery will permit a pattern of post-
natal growth similar to that of healthy preterm
babies.
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