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Abstract

Objective: To determine whether maternal anthropometry predicted birth weight, and
if so, to identify which cut-offs provided the best prediction of low birth weight (LBW)
in a field situation.

Design: Community-based longitudinal study.

Setting: A rural union of Bhaluka Upazila, Mymensingh, located 110 km north-west of
Dhaka, the capital of Bangladesh.

Participants: A total of 1104 normotensive, non-smoking pregnant women who
attended community nutrition centres were studied from first presentation at the
centre until delivery of their child.

Results: Most of the pregnant mothers were between 20 and 34 years of age. Over
one-third of the women were nulliparous, while 12.8% were multiparous (parity =4).
Most (93%) mothers registered between the 3rd and 5th month of pregnancy. The
frequency of LBW (<2500 g) was 17%. Polynomial regression analyses showed that
the best predictors of birth weight (based on adjusted R? values) were in general
weight at registration and weight at month 9, with adjusted R * ranging from 2.5% to
nearly 20%. Sequential regression analyses with height and weight showed that there
was a significant effect of height after removing the weight variables, and adjusted R *
increased in all analyses. Weight and height at registration month continued to be the
best predictors of LBW. Sensitivity and specificity curves were drawn for each
registration month, body mass index and different weight gain groups, and using
different weight and height combinations. The results showed that, for registration
month 3—5, a combination of weight (=45 kg) and height (=150 cm) gave the highest
sensitivity, which was 50%. However, maternal weight =43 kg in pregnancy month
3-5 alone gave the highest sensitivity of 80%.

Conclusion: The best predictor of birth weight as a continuous variable was maternal
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weight at registration, each 1kg increase in weight at registration being associated Birtz weight
with an increase in birth weight of about 260 g. Maternal weight =43 kg in pregnancy Low birth weight

month 3-5 alone gave the highest sensitivity of 80%. A combination of initial weight
and height of the mother was not as good a predictor of LBW as weight alone.

Predictor of low hirth weight
Maternal anthropometry

Assessment of maternal nutritional status relies on measurements that require only one contact with a woman

measures of stature, pre-pregnancy weight (PPW), weight
gain during pregnancy, weight gain at different trimesters,
body mass index (BMD), height, skinfold thickness and
limb circumferences. Some measures reflect a woman’s
nutritional status or energy stores as she enters pregnancy
(height, PPW), while others reflect changes in her status
over the course of pregnancy (skinfold thickness, limb
circumference, pregnancy weight). Maternal weight,
height and pregnancy weight gain have all been shown
to be significant predictors of birth weight. Maternal
nutrition status during pregnancy has been considered an
important prognostic indicator of birth outcome’.

There are differences between developed and develop-
ing countries in determining the most appropriate cut-off
points for anthropometric measurements™?. Screening with

*Corresponding author: Email shamsun20@gmail.com

https://doi.org/10.1017/51368980007217975 Published online by Cambridge University Press

are useful due to limitations in the prenatal care available
in developing countries. Numerous research projects*™’
have studied maternal anthropometric indicators as
predictors of birth weight. However, fewer of them have
focused on which is the best indicator in predicting birth
weight with greater sensitivity, specificity and accuracy.

The present paper examines the relationship between
birth weight and certain maternal anthropometric measure-
ments and determines the sensitivity and specificity of these
measures in predicting low birth weight (LBW).

Participants and methods

A 1-year, longitudinal, rural community-based study was
conducted in Bhaluka Upazila, Mymensingh, which is

© The Authors 2007


https://doi.org/10.1017/S1368980007217975

966

located 110km north-west of Dhaka, the capital of
Bangladesh. Participants were pregnant women who
registered at the community nutrition centre under the
Bangladesh Integrated Nutrition Project between their 3rd
and 6th month of gestation. A total of 1104 normotensive,
non-smoking and non-morbid pregnant women were
studied from first presentation at the community nutrition
centre until delivery of their child. At first registration
women were weighed and had their height measured,
thereafter they had their weight measured at approxi-
mately monthly intervals.

All anthropometric measurements were carried outusing
standard methodology as described by Lohman et al.®. The
measurements were made with the participants wearing a
minimum amount of clothing. Height was measured using
a locally made stadiometer. The woman was asked to
maintain an uprightand erect posture with her feet together
and the back of her heels touching the pole of the
anthropometer. The horizontal headpiece was lowered
onto the woman’s head (maintained in the Frankfurt plane)
and the measurement was taken to the nearest 0.1 cm. The
UNICEF UNI-Scale was used to measure the weight of the
pregnant women and newborn babies. The weighing
machine was calibrated with known weights up to 70 kg at
the beginning of each weighing session. Newborn babies
were weighed within 24 h of delivery at the birth place. The
newborn was weighed without any clothes. Weights of
the pregnant women and newborns were recorded to
the nearest 0.1kg. Maternal BMI was calculated with the
formula: weight (kg)/[height (m)]*.

Gestational age was assessed by the Parkin method,”
which scores four external characteristics: skin colour, skin
texture, ear firmness and breast development. The scheme
is simple, easy to use, less time-consuming and appro-
priate for fieldworkers. Ceesay et al.*® used this method in
their Gambian study for calculating the gestational weeks
in pregnancy. Newborns with gestational age <37
completed weeks were classified as preterm.

Weight of the pregnant women and newborns was
recorded by four research assistants in their respective
assigned areas in the community. The gestational scores
were assessed by the research assistants as well as the first
author.

The inter-observer error for height and weight were
computed at four different times during the study: before
starting the study, at the 5th and 9th months and at the end
of the study. Ten subjects were used each time and the
technical error of measurement (TEM) and reliability (R)
were determined. TEM was obtained from measurements
of the same subject by each research assistant. Reliabilities
for all measurements were above 0.98 and higher than the
0.95 threshold given by Ulijaszek and Kerr''. One of the
problems with longitudinal data is that, in order to
examine weight changes over time, the numbers of days
between visits need to be very similar. Although this is
potentially achievable in strictly research projects, in
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operational programmes this is much less likely to occur.
Brush et al'? overcame the monthly variation in days
between measurements by computing the curvilinear
relationship between the anthropometric variable, e.g.
weight, and the actual days between measurements. As
the polynomial fits (adjusted R?) were very good, they
calculated the weight at fixed intervals. The same
procedure was used here because the ‘monthly’ variation
in days was between 22 and 35 days. Consequently,
individual polynomial regressions were computed for
each woman and, as found by Brush et al.,'? the fit was
very good with adjusted R? ranging from over 95% to
nearly 100%. As a result, the predicted weight at 28-day
intervals was computed and these predicted weights were
used in all the subsequent analyses.

Results

The anthropometric characteristics of the sample are
shown in Table 1. Mean values (and standard deviations)
of anthropometric measurements are presented both for
the mothers and their newborn babies. Most of the
pregnant mothers were between 20 and 34 years of age.
Over one-third of the women were nulliparous, while
12.8% were multiparous (parity =4). Most (93%) mothers
registered between the 3rd and 5th month of pregnancy
and only 7% registered in the 6th month.

Prevalence of low birth weight and intrauterine
growth retardation

The World Health Organization defines LBW as <2500g,
and in the present sample about 17% fell into this category
with almost equal numbers of LBW male (17%) and female
(16%) babies. Gestational age was calculated for 327
newborns using the Parkin score. Of them 56 (17.1%) were
LBW, of whom 54 (96.4%) were born after 37 weeks’
gestation and the other two were born before 37 weeks’
gestation. Thus intrauterine growth retardation (IUGR)
appears to be the major contributor to LBW.

Birth weight and relationship with maternal
antbropometric variables

To determine the relative importance of maternal
anthropometric variables on birth weight, individual

Table 1 Anthropometric characteristics of the pregnant women
and their newborn babies

Weight at registration (kg) 42.8 (5.8)
Height (cm) 150.5 (5.3)
Body mass index (kgm ™ ?) 18.9 (2.2)
Weight at month 9 (kg) 47.9 (5.5)

Gestational weight gain (kg) )
Weight gain in second trimester(kg) 2.28 (0.91)
Weight gain in third trimester (kg) )
Birth weight (kg) )

Data are presented as mean (standard deviation).
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polynomial regression analyses were undertaken using
maternal height, weight and BMI at first registration, total
weight gain in different registration months (month 3,
month 4, etc.), weight at month 9 of pregnancy, weight
gains in the second and third trimesters, and monthly
incremental weight gain. The best predictors of birth
weight (based on adjusted R?) were in general weight at
registration and weight at month 9 (Table 2), with adjusted
R? values ranging from 2.5% to nearly 20%.

Sequential regression analyses were then used to test
the impact of two variables, e.g. height and weight. The
results are summarised in Table 3. In all analyses there was
a significant effect of height after removing the weight
variables, and adjusted R * increased in all analyses. Weight
and height at registration month continued to be the best
predictors of LBW.

Sensitivity and specificity

To predict LBW, specificity and sensitivity tests were
performed with height, BMI, weight at registration for
each registration month, weight gain, weight at month 9,
and weight gain in the second and third trimesters. A good
predictor is one which has a high sensitivity and high
specificity. In this context, sensitivity is the ability to detect
an LBW baby while specificity is the ability to detect a
normal-birth-weight baby.

Sensitivity and specificity are dependent on one
another; high sensitivity is required for the identification
of all LBW babies. Unfortunately this leads to lowered
specificity and a high false-positive rate, resulting in
incorrect identification of women as high-risk. A high
false-positive rate is not as serious as a high false-negative

Table 2 Regression analyses showing effect of mother’s anthro-
pometry on birth weight

Variable A B F P Adjusted R?

Weight at registration

3rd month 2.00 0.017 28.71 <0.001 5.4
4th month 1.66 0.024 36.40 <0.001 11.3
5th month 1.55 0.026 29.34 <0.001 15.0
6th month 1.36 0.028 18.36 <0.001 19.6
Total weight gain
Registration month 3 2.28 0.066 48.83 <0.001 8.9
Registration month 4 2.38 0.058 62.17 <0.001 7.2
Registration month 5 2.38 0.070 81.53 <0.001 7.8
Registration month 6 2.43 0.076 66.63 <0.001 6.0

Body mass index at
registration

3rd month 2.16 0.029 13.86 <0.001 2.5

4th month 1.95 0.039 16.36 <0.001 4.9

5th month 1.57 0.059 22.43 <0.001 11.7

6th month 1.52 0.055 7.53 0.007 8.4

Other variables

Height 0.83 0.012 33.41 <0.001 3.1

Weight at month 9 1.49 0.025 163.88 <0.001 13.7

Weight gain in second 2.55 0.063 19.07 <0.001 2.2
trimester

Weight gain in third ~ 2.49 0.094 55.73 <0.001 5.1
trimester
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rate, i.e. failing to identify women at high risk, but it will
burden any screening programme.

Sensitivity and specificity curves were drawn for each
registration month, BMI and different weight gain groups,
while sensitivity and specificity curves for weight at month
9 and weight gain in the second and third trimesters were
undertaken on the whole sample.

The relationship between LBW and weight at regis-
tration month was quite similar for month 3 to month 5
and a weight of about <43 kg provided 80% sensitivity
(Fig. 1. However, in registration month 6 the same
sensitivity would be achieved by a weight of about =49 kg
(Fig. 2) and a similar weight predicts 80% of LBW babies at
month 9 (Fig. 3). The relationship with BMI is similar to
weight — a BMI of =19kgm™* predicts 80% sensitivity for
registration months 3-5 (Fig. 4), while a BMI of
=22kgm % is required in month 6. The 80% sensitivity
for weight gain is achieved at =7kg for those mothers
registering in month 3, and at about =6kg, =5kg and
=4kg for those registering in month 4 to 6, respectively.
A weight gain of =2.5kg in the second or third trimesters
is the cut-off for 80% sensitivity (Figs 5 and 6). Finally, a
height of about =154cm is required for the same
sensitivity (Fig. 7).

Sensitivity and specificity were computed with combi-
nations of different weights and heights taking the
different weight cut-offs of =42kg, =43kg, =44kg and
=45kg and height cut-offs of =145cm, =146cm,
=147cm, =148cm, =149cm and =150cm. Results
showed that for registration month 3—5, combination of
weight (=45 kg) and height (=150cm) gave the highest
sensitivity, which was 50%. However, =43 kg weight for
month 3-5 in pregnancy alone gave the highest sensitivity
of 80%, which suggests that weight at pregnancy =43 kg is
the best predictor of LBW.

Discussion

There are no adequate population-based studies of LBW
in Bangladesh and the prevalence ranges from 20% to
50%'2~". This high variability of LBW may reflect
differences between hospital- and field-based studies.
However, a very recent hospital-based study in Bangla-
desh'® reported 15% LBW, which is comparable to the 17%
found in the present study. There are two main causes of
LBW: being born small for gestational age (SGA) or being
born prematurely. In developing countries, the majority of
LBW infants are SGA but are not born prematurely.
Nevertheless, 6.7% of LBW infants are born preterm in
developing countries.

In the present study gestational age was calculated by
using the Parkin score’ and TUGR appeared to be the
major contributor to LBW (96.4%), with only 3.6% being
preterm. A study in India among the Bengali newborn
found that less than 10% of LBW infants were preterm'.
The contribution of IUGR to LBW in the developing world
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Table 3 Regression analyses showing the simultaneous effect of using two anthropometric variables on birth weight
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A B Adjusted R?

Variable Weight Height Weight Height Weight Height Weight Height Weight Height
Weight at registration

3rd month weight & height 2.00 1.41 0.115 0.004 28.77 1.63 <0.001 NS 5.4 5.5

4th month weight & height 1.66 0.95 0.022 0.005 39.23 1.20 <0.001 NS 11.3 11.6

5th month weight & height 1.55 2.08 0.028 0.004 29.3¢4 050 <0.001 NS 15.0 15.2

6th month weight & height 1.36 —0.26 0.022 0.013 18.36 1.68 <0.001 NS 19.6 20.4
Total weight gain

Registration month 3 2.28 1.07 0.063 0.008 48.84 6.93 <0.001 0.009 8.9 10.0

Registration month 4 2.38 0.99 0.054 0.009 62.17 15.72 <0.001 <0.001 7.2 8.9

Registration month 5 2.38 1.06 0.066 0.009 8153 17.07 <0.001 <0.001 7.8 9.3

Registration month 6 2.44 0.85 0.071 0.011 66.64 2597 <0.001 <0.001 6.0 8.3
Other variables

Weight at month 9 & height 1.49 1.31 0.024 0.001 163.83 0.38 <0.001 NS 13.7 13.7

Weight gain in second trimester & height  2.55 0.93 0.058 0.011 19.07 20.94 <0.001 <0.001 2.2 4.6

Weight gain in third trimester & height 2.49 0.83 0.88 0.011 55.73 27.85 <0.001 <0.001 5.1 7.5

NS - not significant.

and the actual levels of TUGR are not always possible to
assess from field studies. A hospital-based study in
Bangladesh'® reported that 27% of babies were born
LBW, of which only 16% were preterm. This would make
IUGR the contributing factor to 84% of LBW babies.
Another study in a Dhaka slum in Bangladesh® found
that, of 1654 newborns, 46.4% weighed <2500g, 70%
were SGA or IUGR, and 17% were premature. As the
subjects in that study were from a slum, their lifestyle and
physical activities were different from the rural pregnant
women we studied and may contribute to the higher rate
of premature babies.

Several studies have reported that mothers who have a
PPW of <40 kg have a three-fold greater risk of having an
LBW baby than mothers with PPW >40kg®*"* and a
PPW cut-off of 40 kg is the most commonly cited figure in
developing countries used to assess risk of various
pregnancy outcomes. Ideally, PPW should be taken
before the woman is diagnosed as pregnant. However,
this is very difficult especially in developing countries and
most studies use measurements early in pregnancy as a
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Fig. 1 Sensitivity and specificity for weight at registration month 3
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proxy for pre-pregnancy status. An Indian study6 assumed
no weight gain up to 13 weeks’ gestation, because they
found that women do not gain much weight in this period.
A meta-analysis of 25 studies®>** of maternal anthro-
pometry from 20 countries, involving over 111000 births
worldwide, revealed that attained weight during preg-
nancy was strongly associated with birth weight and
intrauterine growth. Weight gain monitoring in pregnancy
may not be feasible for many developing countries at the
current time due to limited coverage of antenatal care.
Tripathi et al® showed the importance of attained
weight for predicting birth weight based on their work in
Varanasi, India. The advantage of using a standard for
attained weight at a specific point in pregnancy is that it
requires a single measurement only. Several cut-off points
have been recommended in the literature. Karan and
Mathur® found that rural Indian women who weighed
<40kg at some point in pregnancy delivered infants with
the lowest birth weight, while women who weighed
=45 kg also delivered significantly more LBW babies than
those who weighed >45kg at some point in pregnancy.
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Tripathi et al.® suggested a cut-off of 45kg at 13 weeks,
increasing to 47 kg at 20 weeks, 49 kg at 25 weeks, 50 kg at
30 weeks, 51 kg at 35 weeks and 52 kg at 40 weeks. Other
recommendations for cut-off values are <40kg at 20
weeks?® and <42kg at 24 or 32 weeks,?” also based on
work in India.

In the present study, sensitivity and specificity of LBW
were examined for maternal weight at registration, weight
gain in pregnancy, BMI, weight at month 9 and weight gain
in the second and third trimesters, and for height and height
and weight combined. The analyses suggested that =43 kg
weight at registration month 3-5 of pregnancy provided
high sensitivity (about 80%) for predicting LBW. Further-
more, a combination of weight and height did not improve
sensitivity. Other measures such as weight at month 9 also
had high sensitivity, but from a programmatic point of view
this has very limited value. What was very clear from the
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analyses was that BMI and height and weight combined had
poorer prediction than weight alone.

In conclusion, the best predictor of birth weight as a
continuous variable was maternal weight at registration —
each 1kg increase in weight at registration was associated
with about 200 g increase in birth weight; initial weight of
=43kg predicted 80% or more of LBW babies for
registration month 3—5 but at registration month 6 it
would have to be much higher, =49kg, for the same
sensitivity; and a combination of initial weight and height
of the mother was not as good a predictor of LBW as
weight alone.
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