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Background
The Lives Saved Tool (LiST) is a freely available software
package which allows users to explore the potential im-
pact of scaling-up different interventions on a number
of maternal and child health outcomes, notably mortality
and nutritional (anthropometric) status. It is designed to
help policy-makers and program managers in low- and
middle-income settings make evidence-informed policy
and investment decisions [1, 2].

In LiST, child stunting is both an outcome in its own
right as well as a risk factor for child mortality. In 2013,
the Lancet published a series on maternal and child nu-
trition which included an exercise using LiST to model
the impact on child mortality of scaling up a range of
nutrition-related interventions in the 34 countries that
account for 90% of the world’s stunted children [3]. In
the course of this exercise, it was noted that the effect
on stunting of interventions during pregnancy to reduce
the risk that a baby is born small-for-gestational-age
(SGA) attenuated rapidly. For example, we noted that
introducing a simulated intervention that effectively
eliminated all SGA births reduced stunting prevalence at
1 month by 7.0%, but only reduced stunting prevalence
at age 60 months by 1.5%. While some attenuation of
effect is to be expected, there were concerns that the ob-
served attenuation was greater than one might reason-
ably expect. We therefore sought to understand which
aspects of the way in which nutrition outcomes are im-
plemented in LiST might explain this rapid attenuation,
and to investigate whether modifications to LiST’s ap-
proach to modelling stunting are required.

How LiST models stunting
LiST is a population-based cohort model which predicts
stunting rates from birth up to 5 years of age. For the
sake of simplicity, it models children’s progress at the
group level; that is to say, it models the prevalence of
stunting in the population as a whole, and how this
evolves with age, but does not track the progress of indi-
vidual children. Also for simplicity, LiST works with
discrete age bands, estimating the prevalence of stunting
at the end of each age band (i.e., at 1, 6, 12, 24, and
60 months of age). Thus, for example, in LiST the preva-
lence of stunting at age 6 months influences but does
not fix the prevalence of stunting at age 12 months
(Table 1) under the assumption that some children who

were stunted at 6 months may cease being stunted at
12 months, while other children who were not stunted
at age 6 months may become stunted at 12 months.
Note that this is a Markov model in the sense that the
prevalence of stunting at, for example, 12 months de-
pends on the prevalence of stunting at 6 months, but
given the prevalence of stunting at 6 months is inde-
pendent of the prevalence of stunting at earlier ages.

The phenomenon of decaying intervention effects
LiST allows for the possibility that, in the absence of any
intervention, children who were stunted at, for example,
6 months cease to be stunted at 12 months, while other
children who were not stunted at age 6 months become
stunted at 12 months. Using the notation in Table 1, the
extent to which children switch between being stunted
and not being stunted can be quantified in terms of
Ω = C/D (the odds of stunting at 12 months in those
not stunted at 6 months) and B/A (the odds of not being
stunted at 12 months for those stunted at 6 months).
But B/A = 1/(Ω x R) where R is the “stunting-to-stunt-
ing” odds ratio (= AD/BC using the notation in Table 1).
If stunting prevalence at both 6 and 12 months is fixed,
then as R increases Ω gets smaller, and hence the
amount of switching is reduced.

A consequence of this switching is that the effect of an
intervention occurring in an early age band decays as chil-
dren pass through subsequent age bands in the absence of
any ongoing intervention. To demonstrate, suppose that
currently the prevalence of stunting at 6 months is p6 and
that the prevalence at 12 months is p12. Then the relation-
ship between p6 and p12 is given by:

p12 ¼ 1‐p6ð Þ � Ω= 1 þ Ωð Þ þ p6 � ΩR= 1 þ ΩRð Þ
where Ω/(1 + Ω) is the probability that an unstunted child
becomes stunted while ΩR/(1 + ΩR) is the probability
that a stunted child remains stunted. Now suppose that
we intervene prior to 6 months and reduce the prevalence
of stunting at 6 months from p6 to p6*: i.e. stunting at
6 months is reduced by a factor p6*/p6. If we do not inter-



50% between 6 and 59 months of age. We also assume
that the “stunting-to-stunting” odds ratio (R) takes the
value 50 during each of the age bands. Under these as-
sumptions, implementing an intervention prior to age
6 months which reduces the prevalence of stunting at
6 months from 50% to 25%, followed by no intervention
after 6 months, will result in a reduction from 50% to
31% in stunting at age 12 months, from 50% to 35% at
24 months, and 50% to 39% at 60 months of age. In the
version of LiST used for the 2013 Lancet series, the
stunting-to-stunting ORs used were all less than 50,
some much less than 50. Thus with the odds ratios cur-



1. Increase the pool of cohorts contributing to the
estimation of stunting to stunting ORs.

2. Account for measurement error of lengths/heights
when estimating stunting to stunting ORs.

3. Assess the effect of accounting for measurement
error on estimates of stunting prevalence obtained
from LiST.

Methods
We identified datasets with serial measurements of
length/height [5–10] (Table 2). Within each dataset we
retained the records for children with at least 6 serial
measurements. Figure 1 shows the distribution of mea-
sured lengths/heights for the 21,786 children retained in
the analysis. Before fitting growth curves to the data, we
applied the following transformation to age
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measured). At 24 months, the difference was about
1 mm, but this time smoothed shorter than measured.
At 60 months, the mean measured and fitted lengths
were very similar. A comparison of measured and fitted
lengths/heights across all cohorts is tabulated in Table 3.

Table 4 presents the stunting-to-stunting ORs derived
from the measured and smoothed lengths/heights.
Smoothing led to a substantial increase in the stunting-
to-stunting ORs for all age bands analysed. Odds ratios
with measured lengths/heights were similar to those
used in the 2013 Lancet Nutrition series (11 versus prior
12.4 for 1 to 6 months, 21 versus 21.4 for 6 to



represented increased from 4 to 8. This increase in the
data available for estimating the ORs resulted in a more
robust set of estimates of the ORs between age periods,
providing more precise parameter estimates for use in
the model. In addition to increased data inputs, we ap-
plied smoothing to eliminate or reduce measurement
error in recorded lengths/heights and examined the ef-
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