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Abstract

In the developing countries, measurement of binth weight is subjected to methodologi-
cal problems. The main issue is the difficulty of measuring birth weight soon after de-
livery. Two relevant questions are proposed by this study : 1) can a birth weight be esti-
mated several hours or days after a baby was delivered ? and 2) can an estimated
binth weight be collected by paramedical personnel with reliable results ?.

To answer these questions, we conducted a study at Dr. Sardjito Hospital, Yogya-
karta, to evaluate agreement between two paramedical personnel in the routine meas-
urements of neonatal weight in the rooming-in ward. The bebavior of these lwo para-
medical personnel was observed for one month when they examined 32 neonates. Both
of them weighed the neonate at 7.00 hours and one weighed the neonate at 15.00 or
21.00 hours. The order of the last lwo measurements was made alternatingly.

This resulted in 156 pairs of meastrement for agreement analysis. There was a
strong evidence that the lwo ralers have almost perfect agreement on measuring neo-
natal weighis (intraclass correlation coefficient = 0.978). The second part of this study
looked at neonatal weight during the first five days of life. The neonatal weights were
measured three times a day up lo age of five days. We constructed a formula for esti-
mating their birth weight based on a current neonatal weight and age in days. Birth
weight can be cstimaled using formula - Birth weight = 51 + 1.029 x current weight -
10 x age in days. The data fitted very well (o 1his least square estimate with a coeffi-
cient of determinction (R~) = 0.95.
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“Introduction

Birth‘\'i'\f:éightﬁ-an infant, simple-as’ it is
to medsure, is very imiportant for at least
two reasons. First, birth weight is strongly
affected by the health and nutritional stat-
us of the mother; and second, it is an im-
portant determinant of changes of the
newborn to survive and to experience a
healthy growth and development {1,2].
For these reasons, in Indonesia increas-
ing attention has been given to birth
weight distribution, especially to the fre-
quency of low birth weight (LBW) as a
general indicator of maternal and child
health service in the population (3,4].
Many studies have been conducted to
measure the incidence of LBW. In a rural
area of Yogyakarta, the incidence of LBW
was reported to be 8.7 percent [4]. This
number is relatively small compared to
previous numbers estimated by WHO
(1,2]. Furthermore, there is a strong indi-
cation that the incidence varies consider-
ably between studies [3,4,5].

There are many issues which can be
associated with the variation of LBW inci-
dence. These include the reliability of
data collected and the lag time between
time at birth and the time of actual birth
weight collected. In rural areas where 80
percent of Indonesian people live, 80 to
90 percent of babies are delivered at
home and more than 80 percent are de-
livered by the traditional birth attendant
(TBA) [3,4,6]. Often birth weight could
not be measured directly at time of birth,
because the birth attendant came late,

that is when the baby has already been
born [6]. Moreover, many TBAs are illiter-
ate and/or untrained for this task. Thus
not only the reliability of the birth weight
measure should become our concern, but
the physiological variability of neonatal
weight within the early period of life
should also be taken into account. How-
ever, little is known about this physiolog-
ical variability of neonatal weight report-
ed from developing countries.

In practice, if the task of measuring of
birth weight can not be given 1o TBA's,
then paramedical personnel or a village
health worker would be a possible alter-
native. As a consequence, it is very likely
that birth weight can not be measured di-
rectly at the time of delivery. Thus a birth
weight should be estimated from a neo-
natal weight measured several hours or
days after birth. From the methodological
stand point, two questions arise : first,
can birth weight be estimated several
hours or days after birth ?; and second,
can birth weight be estimated by para-
medical personnel or village health work-
er with reliable results ? This study is ad-
dressed to the basic theory behind those
methodological questions described. The
specific aims of our study are : (1) to
evaluate inter-observer agreement of two
paramedical personnel in doing a routine
task of measuring a neonatal weight, and
(2) to look at the physiological variability
of a neonatal weight during the first five
days of life.

Materials and Methods

This study was conducted in the perina-
tology ward, Dr. Sardjito Hospital, Yogya-
karta. All breast-fed babies (rooming-in
program) admitted to this ward between
January 11, 1989 ‘and Februari 11, 1989
were considered as subjects of our study.
There were 32 babies born in the hospi-
tal during the study period and satisfied
our selection criteria. The babics were
normal babies whose birth weights were

available, and continued to be healthy
during the period of observation. It
should be noted that Dr. Sardjito Hospital
is considered as a tertiary state Govern-
ment's Hospital and also a teaching hos-
pital. Therefore many patients are re-
ferred (rom dilferent places with various
social economic backgrounds. The hospi-
tal stay of these babies very from 2 to 6
days, but our study was limiled only up
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to 5 days of observation. c

Only babies admitted in physiological
conditions were included in our study.
We defined a physiological condition re-
lated both to the mother's and child's fac-
tors. Thus baby who was not delivered
by a normal process, such as by cesarean
section, vacuum extraction, forceps etc,,
were excluded from cur study.

If within 5 days of observation the ba-
bies showed pathological symptoms and
signs, they were carefully examined and
diagnosed by a perinatologist, and then
excluded from the study. Some specific
laboratory tests were conducted on them
whenever necessary. In addition, a low
birth weight was also considered as an
exclusion criterion, since a low birth
weight baby was under a special care
nursery. Thirty two babies were finally
considered as the sample of our study.

Inter-observer study. We asked two
paramedical personnel who have just fin-
ished from their formal training to be rat-
ers in this study. The behavior of these
two paramedical personnel was observed
for one month beginning January 11,
1989 when they examined 32 neonates.
Both weighed the neonate at 7:00 and
each one weighed the neonate at 15:00
or 21:00. The order of the last two meas-
urements were alternating. This resulted
in 156 pairs of measurements for agree-
ment analysis. They used the same baby
scale which was calibrated every week.
In order to maintain an independent
assesment, we decided to record neona-
tal's weight using a small card instead of
using the ordinary medical record. Every
time a rater finished writing a neonatal
weight on the card, it was inserted into a
box locked by the principal investigator.
In order to calculate the exact baby's age
in hours, we also asked the rater (0
record the time when the measurement
was done. In addition, they weighed the
baby according to our list which was
read following an ascending order for
one rater and descending for the other.
For simplicity, a list of subjects was made
every day based on their order in medi-

cal record. We hoped that by using this

order they would not haye-any «chances -
to copy the birth weight datd one anoth- |

er and thereby reduce biases.

The measurement of neonatal weight

was repeated: three times. for every sub-
ject. Only its ‘average weight will be con-
sidered in the final analysis. Thus each
baby had a pair of data recorded by the
two raters, and the total observation de-
pended on the duration of the individual
stay in the hospital. In this case, we as-
sumed that there was no interaction be-
tween raters and the subjects of the
study. Therefore the duration of the hos-
pital stay was not taken into account in
the analysis. We only focused on inter-
observer agreement according to the
number of baby weight observed every
morning within a one month period.
Physiological variability of binth
weight. The second part of this study is
to look at the physiological variability of
neonatal weight during the first five days
of life. All babies from the inter-observer

“study were included in this assessment.

Baby's weight was recorded 3 times a
day with an interval of about'8 hours. We
recorded a neonatal weight at an exact
age in hours. Our raiers were two para-
medical personnel who were also the rat-
ers in the inter-observer study. Rater's ef-
fect would not be taken into account in
the analysis. All data recorded were from
an average of three repeated measures,
and the unit of measurement was given
in grams.

Before we applied a proper analytical
technique for inter-observer study, we
examined a simple correlation between
two pairs of data collected by the two
raters. We also looked at this relationship
using a scatterplot. From this analysis we
could estimate the pattern of an actual
agreement between the two raters.

In order to examine an exaclt agree-
ment between the two raters, we should
use an intra-class correlation coefficient
(RD. Using this technique we can examine
the errors due to factors from the observer
and method used. The method of calcula-
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tion follows Kramer & Feinstein (1981) (7],
and further géheral methods which can be

. obtained in‘other publication as well (8],
Physiological variability of birth weight

was estimated by an ordinary least square
method using a SAS software [9]. Using

B

this technique we then derived a formula
for estimating birth weight from current
weight and age in hours. Even though the
statistical assumption may be violated, this
technique seems to be appropriate for
simple purposes.

Results

The simple correlation of the two pairs of
data collected by the two raters is almost
perfect and statistically very significantly
different from 0 (r = 0.998 with P =
0.0001 and N = 156). Figure 1 shows that
the pattern of agreement between the
two raters supports the coefficient of cor-
relation. From this scatterplot (Figure 1)
we can see that the estimate line starts
from about zero axis and ordinate, and
moves 1o the upright corner with an an-
gle of about 45 degrees. This indicates
that the agreement is almost perfect. If
there was a biased observation between
the two raters, the correlation coefficient
could be perfect but the estimate line
would not make 45 degrees angle. For
cxample the dotted line is an hypotheti-
cal example of bias between two raters.
In this case rater 1 always gives a higher
value than rater 2, yet the correlation co-
efficient can be close to unity. In other
words, a perfect correlation does not nec-
essarily tell us anything about bias or an
actual agreement between two raters.
However, in this study, a regression line
in Figure 1 indicates unbiased correlation
between the two raters. This line has an
equation : Rater 1 = 38 + 0.99 rater 2.
Statistical F-test resulted in F = 48685
with 1, 154 degrees of freedom (d.f) and P
=0.0001, and a statistical test that slope is
equal to 0 was rejected with P = 0.0001.
Further analysis by calculating an in-
tra-class correlation coefficient shows that
the correlation is almost perfect (RI =
0.978). Thus these two raters were per-.
forming in almost perfect agreement [8].
Statistical test shows that the subject
variation is significant (F = 12279 d.f. =
155, 155, and P = 0.0001), but the meth-

od variation is not significant (F=1.21, d.f.
=1, 155, and p > 0.10). This suggests that
agreement by chance is smaller than ac-
tual agreement. In conclusion, there is a
strong evidence that the two raters have
a perfect agreement on measuring birth
weight for one observation.

The physiological variability of neona-
tal weight was assessed by a linear regres-
sion method. We used birth weight as the
dependent variable and current weight,
age, and sex as the independent variables
in the model. We hoped that by using this
relationship we can predict birth weight
when it is not known at the time of admis-
sion in the hospital. A multiple regression
analysis suggested that the variation of
birth weight can be explained very well
by current weight and age. In this case,
age was expressed in the unit of hour.
However, the expression of age in hours
is inconvenient for practical purposes, es-
pecially to the current situation in the de-
veloping countries. Then we decided to
recode age in the interval scale within
days. -Since liolh scales still gave a good
prediction (R > 0.90) we preferred to use
day instead of hour as a scale. Using two
predictors, current weight and age, birth
weight can be estimated according to
equation below : Birth weight = 51 +
1.029 x current weight - 10 x age in day.
This regression equation has R = 0.94
and statistical test to overall regression re-
sulted in F = 2833, d.f = 2351, and P =
0.0001. Age was added to_current weight
because it improves the R but when we
tried to include sex in the regression
equation, it does not improve substantial-
ly to the prediction. We also looked at
the effects of time variation in the model,



was our concern that during the peak of
the day (12.00 a.m.) an elevation of am-
bient temperature greater than 1° C
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but it was found to be not significant. It

above the range of neutral thermal envi-
ronment will result in a si'gnifili';gm insen-
sible waler loss, which can dause varia-
bility of body weight with time. “#
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Figure 1. Scatier plot of binh weight measured by Rater 1 and Rater 2 in kilogram
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We havé demonstrated with an experi-
mental ‘setting that variability of birth
weight was hardly affected by the rater's
errors. If paramedical personnel is really
well motivated, the routine task of meas-
uring baby's weight will not result in a
serious problem. Statistically it has been
demonstrated that the agreement be-
tween [wo raters was not caused by
chance; but it shows an actual agreement
between two raters. One may use this
study result as a basic agreement that un-
der an ideal condition, measurement er-
rors should not become our concern.
However, the question then arises: how
can we obtain the performance of para-
medical personnel in the community as
good as the performance in the hospital
setting. This issue is of course beyond
the scope of this study. Although studies
related to this question have been report-
ed as well, they were not able to show
an actual agreement between two raters
in the measuring of neonatal weight
[6.10]. Further specific study should be
done to answer this question.

The physiological variability of the de-
crease of birth weight is a complex issue.
Body weight is the most simple and con-
venient method for expressing growth
rates in the early stage of development un-
til a neonatal stage. In the early stage of
development growth is always largely a
matter of cell division, with a lile or no
increase of average cell size, so at [lirst the
embryo only grows as fast as its cells di-
vide. In the newborn, however, it is most-
ly the average cell size which afflects the
body weight. As we know the cell size is
also determined by its melabolism. In this
case the concept of energy balance is be-
coming the central issue of the decrease

Discussion

of neonatal weight during the first five
days of live. We may explain that the
weight loss during this period can be relat-
ed to the expression of: Energy intake =
energy excreted + energy expended + en-
ergy stored. So if an energy intake is rela-
tively decreased compared to the intraulte-
rine supply, the energy stored in the body
will become negative. This eventually re-
sults in the degradation of a fat storage
since excretion and expenditure are rela-
tively increased. The increase of expendi-
ture can be attributed to the neonate's ac-
tivity — outside an uterine  cavity,
environmental changes and results of in-
dependent metabolism from the previous
placental maternal complex system. The
environmental effect, such as temperanture,
is considered an important factor in de-
creasing weight. In this study, however,
we used a similar ward which has a rela-
tively constant temperature from time to
time. Therefore this result may not be
transferable to other environment where
temperature and humidity varies from
baby to baby or time to time. In addition
one should carefully consider the fact that
this study was limited to the period of the
first 5 days of life so an extrapolation to
older ages will not be appropriate.

In general, this study concludes that
the birth weight reported based on a ne-
onatal weight of a few days after being
born will not be appropriate, unless the
weight is correted by the age of the
baby. Considering the small sample size
used in this study, the application of our
formula should be limited to certain situ-
ations which is similar to our setting.
However, one may conduct a similar
study to obtain a formula which satisfies
a local condition.



i1

T A

70 ESTIMATED BIRTH WEIGHT BY ctmm%rr WEIGHT AND AGE
fus *
R_EFE.RLNCE
1. World Health Organization, Division of Family 6. Ahsyahbana A, Peeters R, M(F‘h 5 A. Traditional

Health. The incidence of low binth weight : a

".critical review of available infomation. World

birth attendants can identify mothers and infants
at risk. World Health Forum 1986; 1240-2,

Health Stat Quart 1989; 33 (3) : 197 - 224 7. Kramer MS, Feinstein AR. Clinical biostatistics
2. World Health Organization. The incidence of LIV. the biostatistics- ‘of concordance. Clin
low birth weight : an update. Weekly:Epid Rec Pharm Ther 1981; 29(1): 111-23.
1984; 59 : 205 - 12. 8. Fleiss JL. ngstical methods for rates and pro-
3. Alisyahbana A, Sukadi A, Hamzah ES, et al. Per- portion; 27 ed. New York: Wiley, 1981.
inatal mortality and morbidity survey and low 9. SAS. SAS/STAT guide for personal computer;
birth weight, final report V. Bandung : Fakultas version 6 edition. North Carolina: SAS Institute
Kedokteran Universitas Padjajaran, 1983. Inc., 1986.
4. Surjono A. Neonatal mortality in Yogyakarta ru- 10. Kumar VK, Walia I. Recording of birth weight
ral areas Pediatr Indones 1988 : 97 - 104. range by traditional birth attendants (dais) in
5. Prihartono J, Budiarso RL. Kematian perinatal di village northem India. J Trop Pediatr 1986; 32:

pedesaan Sukabumi. Kumpulan naskah lengkap
Lokakarya ASI & Seminar Perinatologi. Jakarta,
1984; 49 - 56.

66-8.




	64
	65
	66-7
	68-9
	70

