
7. Weight gain curves

Introduction
An important purpose in bringing the data sets to-
gether on a single computer was to be able to construct
appropriate reference curves of weight gain during
pregnancy for populations with different characteris-
tics. Such curves could then be used as tools to
monitor pregnant women at the community and
household level and would have immediate applica-
tions in the development of weight-gain curves for
WHO's prototype home-based maternal record (2).a
The construction of sample curves is discussed in
terms of (a) 'specificity' curves reflecting weight
gain in relation to observed birth weight outcomes,
and (b) in the derivation of a 'high-risk' curve for
use as a diagnostic tool and for meeting defined sen-
sitivity and specificity criteria. Analysis was carried
out on the basis of country groups (Table 22) as-
sembled from studies that shared similar anthro-
pometric characteristics, as described in Chapter 2.

Results
Fig. 23 shows the average cumulative weight gain
for women with low-birth-weight infants and those
with infants whose birth weight (BWT) exceeded
3000 g. There is a difference of around 1 kg at term
between the country groups for BWT <2500 g; how-
ever, in the second plot for BWT >3000 g there is
little difference between Groups 1 and 3, but Group
4 (Ireland and United Kingdom) gained substantial-
ly more weight by the end of pregnancy, mainly due
to continuing high gain in the last trimester.

Weight-gain curves by country groups are pre-
sented in Fig. 24. These curves were constructed for
each group for different birth weight ranges: a
median curve, corresponding to a birth weight of
between 2500 g and 3000 g; an upper curve for
BWT >3000 g; and a lower curve, corresponding to
the gain curve for BWT <2500 g.

It can be seen that although there are major dif-
ferences in pre-pregnancy weight between the four
groups, the three curves follow similar trajectories
throughout the course of pregnancy. While the lower

a A frequently encountered limitation to the utility of weight-gain
curves is the late first presentation of the mother at the ante-
natal clinic. If information on pre-pregnancy weight was available
for this mother from the home-based record, then two points
could be entered onto her chart and some indication of her pat-
tern of weight gain would be available. The role of MUAC in pre-
dicting pre-pregnancy weight for this purpose is examined in
technical note C, Chapter 9, pages 49-51.

and median weight-gain curves are closely compar-
able, the upper, or optimal, birth weight curve is sub-
stantially and consistently higher in all four groups.
This implies that maternal nutritional status expres-
sed by weight gain cannot differentiate readily be-
tween low and lower normal birth weight outcomes,
particularly when pre-pregnancy weights are high. It
also indicates that attainment of optimal birth weight
requires a quantum difference in nutritional status
starting before pregnancy and maintained throughout
gestation. In service terms this implies that discrimi-
nation between adequate and inadequate maternal
nutritional status in respect of desired birth weight
outcome should be based on the upper, rather than
on the median, curve. Two further sets of graphs
(Fig. 25a and 25b) show cumulative weight-gain
curves superimposed on mean monthly weight-gain
columns for the original three birth weight categories
(<2500 g, 2500-3000 g, and >3000 g) for the four
country groupings.

For groups 1 and 2 (Fig. 25a), peak weight gain
occurs in lunar month 6 (from 20 to under 24 weeks)
for low and median weight births but extends to
month 7 for high weight births, while in groups 4
and 5 the peak gain occurs in the seventh month with
all birth weight outcomes. In respect of peak gain
values, these are consistently higher in group 4
(about 2 kg) across all birth weight outcomes; in all
other groups and categories the peak values are simi-
lar and lower (about 1.5 kg), with the exception of
the high birth weight in group 1 where the gain in
the 7th month is close to 2 kg. These figures suggest
that the extension of weight gain increase into the
7th lunar month could be a useful marker of a more
favourable fetal outcome where service conditions
permit such detailed levels of observation. These
findings are consistent with the ORs for attained
weight in the 7th lunar month as an indicator of low
birth weight and intrauterine growth retardation,
shown in Chapter 5 (pp. 21, 24).

Table 22: Countries listed by group for weight-gain
curvesa

Countries

Group 1 India (Pune), Sri Lanka, Nepal (Urban), Nepal (Rural)
Group 2 Indonesia, Myanmar, Thailand, Vietnam
Group 3 China, Colombia, Malawi
Group 4 Ireland, United Kingdom
a Groups determined by cluster analysis.
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Fig. 23. Cumulative pregnancy weight gain (kg) by lunar month for women with low-birth-weight infants and those
with infants whose birth weight exceeded 3000 g, by country group.
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A 'high-risk' weight-gain curve for LBW

Ideally a 'high-risk' weight-gain curve for LBW
would be one that best separates mothers likely to
deliver 'normal' birth weight infants from those like-
ly to deliver low-birth-weight infants. Such a curve
would be based on the cut-off point that minimizes
the total number of false classifications in relation to
the number of actual cases arising in the population
(i.e., minimize (FP + FN)/TP) and would not be
expected to correspond to either the 10th or 25th
centile curves.b Such a 'minimum error' curve is a
good choice if the effects of false negative and false
positive assignment (alpha and beta errors) are assu-
med equally costly to the patient and/or the health
care system. A selection of curves to illustrate the
results for each group are shown in Fig. 26.

b Haas (26, and references therein) discusses a range of issues
in connection with the construction of weight-gain curves. For
this project the construction of a 'minimum risk curve' requires
the computation of a sequence of logistic regressions with birth
weight dichotomized (low versus normal) as the dependent vari-
able, and with maternal weight as the independent or predictor
variable, also dichotomized (above or below a selected cut-off
point). This cut-off point is then incremented gradually and the
analysis repeated for a range of maternal weights. From each
regression the odds ratio (OR) of LBW, plus the sensitivity (Se),
specificity (Sp) and positive predictive value (PPV) may be cal-
culated at each maternal weight.

The top curve corresponds to the mothers with
infant birth weights >3000 g and curves correspond-
ing to the 25th and 10th centiles are also shown with
the minimum error curve. The latter be seen to cross
the 25th centile curve for groups 1 and 3, exceed the
lower quartile curve in group 2 and exceed the 10th
centile curve in group 4. A practical difficulty in
using this test in a service context is that a 'best'
curve (based on Se/Sp profiles or the minimum
error) exceeded the 25th centile curve for three
groups, implying that more than a quarter of women
seen would be classed as 'at risk'. If all of these
women were referred, and the referrals completed,
this would place an unacceptable burden on facilities
at the next level of care, particularly in low-income
countries with severe resource constraints. The
reason why this arises is that the distribution of
weight gain across studies is highly variable and
there is a very considerable overlap in weight gain
distributions associated with birth weights below
2500 and above 3000 g.

In practical terms and considering resource
implications for low-income countries, it is recom-
mended that either the 10th or 25th centile gain
curve (or indeed, a centile within this range, say the
15th) be used for the WHO prototype home-based
matemal record. This accords with accepted service
planning principles, i.e., when resources are restric-
ted, select the cut-off point which will deliver the
number of referrals that the system can handle.
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Chapter 7

Fig. 24. Monthly (lunar) pregnancy weight-gain curves for mothers with infants in different birth weight categories,
by country group. The initial weight is based on the average pre-pregnancy weight for that group. (N.B. The curves are not
on the same vertical scale; to do so would cause loss of detail between the lower and middle curves).
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Fig. 25. Mean monthly (lunar) maternal pregnancy weight gain and cumulative weight gain, by birth weight outcome,
for three categories of birth weight and for groups 1-4.
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Chapter 7

Fig. 26. Maternal pregnancy weight-gain curves associated with risk of low birth weight - 25th and 10th centile and
minimum error curves. The curve for pregnancy weight gain by mothers with infants with birth weight >3000 g is
shown for comparison.
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