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(p<0.001) between the two variables. Bias, on the other
hand, was not associated with overall coverage change
(Spearman r = 0.18; p=0.45).

We carried out similar analyses for ITNs. Of the 21
malaria-endemic countries with ITN data, four had
increases in ITN lower than 3 p.p. between the two sur-
veys; in three other countries, malaria accounted for
fewer than 3% of all deaths. Both groups of countries
provided highly imprecise estimates of bias, and were
excluded from the analyses. Data for the remaining 14
countries are presented in Table 2.

The average bias in the 20 countries was 1.4% and the
median was 0.1%, indicating that the traditional approach
was very similar to the equity-stratified approach overall.
Bias above 10% was observed only in the Central African
Republic and in Cote d’Ivoire; the traditional LiST
approach overestimated impact on both countries. Nega-
tive bias, showing underestimation by LiST, was small
when present.

Correlations between bias and overall coverage
increase (r=-0.393; p = 0.17) and the slope index of cov-
erage change (r=0.294; p=0.31) were not significant.

Effect of co-coverage
Table 3 shows the mean values of the correlation coeffi-
cients across all 127 surveys with data on the relevant
indicators, as well as their variability. Nearly all surveys
had data on ANC, SBA, DPT and WAT. Information on

VTA was available for 59 surveys, but only 18 malaria-
endemic countries had data on ITN.

Most correlation coefficients were positive, as is
shown by their mean values. However, at least one
country had negative correlations for all possible combi-
nations of coverage indicators, as shown by the fact that
minimum values were negative.

The strongest mean correlation was between ANC
and SBA, which is hardly surprising because these are
often delivered at the same location by the same health
workers. However, even for this combination the mean
correlation coefficient was relatively weak (r=0.322). All
other mean correlation values were below 0.2, indicating
weak correlations.

The next step was to assess how much bias would be
introduced by ignoring co-coverage in LiST, given dif-
ferent strengths of the correlation between any two vari-
ables, and different coverage levels.

Table 4 shows different scenarios with variable levels of
co-coverage. We use SBA and ANC as examples, but the
findings apply to any combination of two coverage indica-
tors. SBA coverage was set to 20%, 40%, 60% and 80%. We
then varied the level of co-coverage to reproduce three
scenarios: weak (r = 0.1), moderate (r = 0.3) and strong (r
= 0.5). In the 127 surveys, the mean value for ANC cover-
age was 56% and the mean correlation between ANC and
SBA was 0.322 (range -0.016 to 0.612). We then modeled
different levels of co-coverage – as assessed by Pearson

Table 1 Bias in LiST estimates resulting from ignoring within country inequalities, in 20 countries with increases over
time in care-seeking for pneumonia.

Country First survey Second survey Baseline coverage Endline coverage Coverage change Slope index* Bias

Madagascar 1997 2008 37% 42% 5 21 63%

Ethiopia 2000 2005 16% 19% 3 -8 14%

Ghana 1998 2008 26% 51% 25 10 5%

Burkina Faso 1998 2003 22% 36% 14 12 4%

Nepal 1996 2006 18% 43% 25 7 3%

Mozambique 1997 2003 39% 55% 17 -15 0%

Rwanda 2000 2005 16% 28% 12 -5 0%

Bangladesh 1996 2007 33% 57% 24 -5 -1%

Cambodia 2000 2010 37% 77% 40 -14 -1%

Malawi 2000 2010 27% 70% 44 -5 -1%

Niger 1998 2006 26% 47% 22 -16 -2%

Uganda 1995 2006 61% 73% 12 -31 -3%

Lesotho 2004 2009 59% 66% 7 -44 -6%

Mali 1995 2006 32% 38% 6 -20 -6%

Kyrgyzstan 1997 2005 48% 63% 15 -70 -7%

Peru 1996 2004 46% 71% 25 -18 -9%

Egypt 1995 2008 62% 73% 12 -21 -12%

Benin 1996 2006 32% 36% 4 -17 -15%

India 1998 2005 64% 70% 6 -18 -16%

Bolivia 1998 2008 43% 51% 8 -20 -22%



correlation coefficients – between ANC and SBA, for dif-
ferent coverage levels with SBA (Table 4), and calculated
the amount of bias that would result as a consequence of
ignoring co-coverage.

Contrary to the original expectation, ignoring co-cov-
erage often resulted in underestimation of the number



we expected LiST to overestimate the number of lives
saved, because intervention coverage would increase fas-
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