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In&trodion
Low-birthweight (<2500 g) is the ma-

jor factor associated with the death of in-
fants within the first 4 weeks of life. The
mean birthweight of newbom babies of a
certain geographic area may reflect the
quality of matemal and child health care
service as well as the degree of socioeco-
nomic development of that particular
region.1-4 However, in a developing coun-
try such as Thailand, two fifths of the ba-
bies are delivered outside hospitals and
are not weighed because scales are not
available.5 Anthropometric parameters
such as chest circumference,6 mid-arm
measurement,7 and foot length8 have been
used to identify low birthweight and a
newborn at risk. The World Health Orga-
nization has studied the chest and arm cir-
cumferences in correlation with birth-
weight, aiming to develop chest or arm
bands that would indicate that the birth-
weights are above or below a specified
cutoff point (i.e., 2500 g). However, no
effort has been made to correlate anthro-
pometric parameters with actual birth-
weight. This study uses multiple parame-
ters of chest and arm circumferences and
the length of a newborn to estimate birth-
weight and to validate this new method in
various centers throughout Thailand.

cess and the tip of elbow in centimeters,
crown-to-heel length in centimeters, and
weight in grams.

Measung Instrwnents
The measuring instruments consisted

of a tailor's metric measuring tape, tested
against a standard ruler, and a baby metric
beambalance (SECA, made in Germany),
tested for accuracywith standardweights.
All measurements were performed by the
same pediatrician throughout the study.

Sample Size
The sample size was calculated after

Lachin9 to estimate the sample size for the
correlation (r) .85, setting a = .05 and the
power of test at .80 (for a two-tailed test).

Data Analysis
Stepwise multiple regression analysis

was employed to formulate the best linear
prediction equation.10 The least squares
method was used for fitting the "best"
straight line to a given set of data in order
to relate two variables.

Testing Data Set
The testing data set of body weight

and chest and arm circumferences of 3222
newbom infants from eight hospitals in
north, northeast, central, and south Thai-

Methlds
The Traiiung Data Set

The training data set undertaken at
the Department of Pediatrics, Lerdsin
Hospital, from January to March 1985, in-
volved 402 newborn babies, 197 male and
205 female. The duration of pregnancy at
the time of delivery ranged from 36 to 40
weeks according to Nagele's formula. The
measurements taken within 24 hours of
birth included chest circumference at nip-
ple line in centimeters, arm circumfer-
ence, midway between the acromion pro-
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... ~ ~~~~..land was used for analysis. MeasurementsTAULE 1-~~~~~~~~~~~........ lwC*~~~~~~st, ~~~were taken within 24 hours of birth. The
.................study population was derived from two

~~~~~~~~setsof data. The first set consisted of 1612
Male~~~~~~~~~~~....... ............ newborn babies from the project "Low

Birth Weight Newborn Babies of High
W (0~~~~~~~~± ~~~~~ ~~~ ~~~ ~~~ .~~~.5 Risk Mothers" at ChulalongkornUniver-~~~~~~~~~~~~~~~~~~~~~~~~~~~~oeraamruer

.. 1. sity Hospital, and at regional maternal and
Arm(om) ¶.0......0..~ 1 00~1 child health hospitals in Chiengmnai, Na-
LnQ~~(Cm) 495+20.. 19..490..0 kornsawan, Rajburi, Yala, and Masharaj

Hospital at Nakorn-srithamaraj. This was
~~~~~-~~~~~~~~~~~~~ ~~~~a cs-control study, with a 1:2 ratio of

low birthweighit (LBW) to normal birth-
x ~~~~~~weight infants.

~~~~~~~~~~~~~~~Thesecond set of data consisted of
~~~~~~~~~~~1610newborn babies from Lerdsin Hos-
pital and the Khon-Kaen University Hos-

~~~~~~~~~~~~~~~~pitalin Bangkok.
IX.~ ~ Si1U f~0The first set was collected by nurses,

164 .................using standardized measuring methods,
so 16W 061 ~~~and the second set was obtained by the

1.....40 doctors responsible for the project.
A diagnostic test was employed to

.......................................reveal sensitivity and specificity of posi-
tive predictive values, negative predictive
values, and accuracy of the new device in

........................comparison with the gold standard (a baby
..............................m etric beam balance) in screeningfor

1- ~~~~~~~~~~~LBWinfants.
Chest circumference(cm.) Arm circumference(cm.)

35 Results
17

Birthweight (gin.) The data from the study of 402 new-
born babies are summarized in Table 1.

34~~~~ ~ ~ ~ ~ ~ ~~~~6The correlation coefficients (r) of weight
versus chest and arm circumferences and

3800 ~~~~~~~~~~~~bodylength were 0.89, 0.82, and 0.78, re-
333700 ~~~~~~~~~5spectively.

3500- Although the combined chest and
~~~~~~~~~~armcircumferences and length gave the

32 3400 1 best correlation with birthweight (r = .92),
3300- measuring the length of a newborn baby is
3200- usually impractical and may be subject to

31 ",3100 13 relatively large error. We therefore chose
3060 the second best equation (Table 2), using
2900- the combined chest and arm circumfer-

30 ~~~~~~~ ~ ~~~~~~2800N.12 ences to estimate birthweight (r = 0.90, r2
2700 82.0%, and standard error (SE)=

29 ~~~~~~~~~~~~~~2600- 183.3 g). Based on this equation, a no-
2500- 11 mogram was constructed (Figure 1) and,
2400- subsequently, a circular birthweight esti-

28 2300 ~~~~~~~~~~~~~~~mationdevice was developed (Figure 2).
2200 IC~~~~~~~~~~~~~~~~1 The mean and standard deviations

2100 (SD) of chest and arm circumferences of
27 2000 ~~~~~~~~~~~~~~~3222newborn babies in various study cen-

1900 9 ~~~~~~~~~tersare shown in Table 3. The mean of
chest circumferences was about 31 cm,,

26t ;I | and arm circumferences was about 10 cn.26_-- 8 The differences of means between

251
the weight obtained by standard scales

2 5 I and the estimated weight obtained by the
FIGURE 1-The Birthweight Estimation Nomogram new device (Figure 2) are also shown. The

I differences appear to be within ±187g.
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The diagnostic values of the new de-
vice, when the arbitrary point for picking
LBW infants is set at 2500 g, are shown in
Table 4. The sensitivity was lowest
(56.9%) at Nakornsawan and highest
(94.5%) at Chulalongkorn hospital. The
specificity was lowest (86.1%) at Khon-
Kaen and highest (98.6%) at Yala. The
accuracy varied from 83.2% to 95.7%.

If the arbitrary point for defining
LBW neonates is set at 2600 g on the new
device, the sensitivity at all centers in-
creased, ranging from 71.3% to 97.3%, the
specificity ranged from 78.4% to 97.2%,
and the accuracy ranged from 79.8% to
92.3%, as shown in Table 5. If the arbi-
trary point was set at 2700 g, the sensitiv-
ity increased to 100%o at Chulalongkorn
Hospital but the specificity declined to
58.7% at Khon-Kaen Hospital (Table 6).

These results showed that the opti-
mum arbitrary point of all data combined
for defining LBW neonates when using
the new device should be 2600 g and can
be confirmed by the receiver operating
characteristic curve shown in Figure 3.
The curve became steeper when the arbi-
trary point was changed from 2500 g to
2600 g, which means that the sensitivity
increased markedly while only a small de-
gree of specificity was lost. However, the
curve became linear when the arbitrary
point was 2700 g, which indicates a very
small increase in sensitivity but marked
loss of specificity.

Discussion
Birthweight ofinfants estimated from

the Chulalongkorn birthweight estimation
device differed by only ± 187.4 g from
weight obtained by a standard scale. This
difference is not clinically significant un-
less the birthweights are below 2000 g.

The sensitivity and specificity of the
new device varied when arbitrary points
ofLBW infantswere set at 2500, 2600, and
2700 g. There was less variation in accu-
racy, however. The optimum arbitrary
point on the new device, as determined by
a receiver operating characteristic curve,
was found to be 2600 g. The sensitivity
increased to 100% when the arbitrary
point was 2700 g, but the specificity was
low, indicating that there would be an in-
creased number of falsely identified LBW
infants.

The Chulalongkom birthweight esti-
mation device appears promising as an ap-
propriate substitute for obtaining the
birthweight of newborns in places where
scales are not readily available. While the
theoretical error was + 183.3 g, the prac-

.... BIRTHWEIGHT (g)

\g _3J APR

I0 1g I 1 I Ispo2800 2900O
FIGURE 2-Chulalongkorn University Blrthwelht Estimation Device
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FIGURE 3-Receiver Operating Characteristics Curve of Birthwe4ght Determination in Diagnosing Low Birthweight (All Data Combined,
N = 3222)
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tical error was + 187.4 g when compared
with standard weighing scales.

The diagnostic test revealed the value

of the new device. The optimum arbitrary
point for screening an LBW infant was
2600g, at which the sensitivitywas 97.3%,

the specificity was 97.2%, and the accu-
racy was 92.3%. This new device is inex-
pensive and convenient and is a good ex-
ample of appropriate technology for
primary health care. Use of the device
should be encouraged throughout devel-
oping countries such as Thailand. [1
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Oral Rehydration Program Evaluation
by Quality Assurance Sampling in
Rural Haiti
June N. Pieffe-Louis, MPH
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Inftrodu on

Oral rehydration therapy (ORT) is a
cost-effective treatment for diarrheal dis-
ease.' While the scientific basis for oral
rehydration is established, and programs
are in place, many programs have not
been evaluated at the local level.

In rural Haiti local programs typically
target populations of less than 50,000.2 To
meet the need for a low-cost, population-
based survey method, quality assurance
sampling (QAS), a small sample method,3
was used to evaluate a local ORT program
in Haiti. The QAS method and its appli-
cation in Haiti are described.

Meods
Swdy Population

Freres is a rural area located 20 km
from Port-au-Prince, the capital of Haiti.
The population (13,750 in 1987) lives on
dirt roads within one km of a partly paved
main roadwhich bisects the area. Freres is
targeted by a primary health care program
managed by a private hospital in the area.
The program maintains a census of the
target population.

Promotion of ORT takes place at
community meetings and on the radio.
Health workers teach mothers to prepare
the solution of oral rehydration salts
(ORS) from a packet, and from salt and
sugar, and to use ORTwhen their children
under three years of age have diarrhea.2

Indicators
Widely accepted indicators of pro-

gram outcome were selected by managers
and funders of oral rehydration programs

in Haiti and included: ORT use, knowl-
edge of the packet, knowledge of prepa-
ration of the solution from the packet, and
from salt and sugar.4,5 The use rate was
defined as the proportion of episodes of
diarrhea in children under three years of
age receiving ORT, whether the solution
was prepared from the packet or salt and
sugar.4 The rate of knowledge of prepara-
tion of the solution was defined as the pro-
portion of mothers of children under age
three knowing the correct quantities of in-
gredients in a solution prepared from the
packet or from salt and sugar.

The survey questionnaire is given in
the Appendix.

Quality Assurance Sampling
Method

The QAS method was first used for
quality control in manufacturing. Product
quality was assessed based on the proba-
bility of observing a particular proportion
of defective items in a sample relative to a
null hypothesis stating a proportion of de-
fective products. This probability is deter-
mined by the binomial distribution. The
goal oftheQAS method is hypothesis test-
ing rather than parameter estimation. The
major advantage ofQAS is the sample size
which is small.

Address reprint requests to June N. Pierre-
Louis, MPH, Division of Nutritional Sciences,
Cornell University, Ithaca, NY 14853. The au-
thor was affiliated with Institut Haitien de l'En-
fance, Delmas, Haiti. This paper, submitted to
the Journal December 1, 1989, was revised and
accepted for publication January 23, 1991.
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