
Technical notes

Table 26: Predicted pre-pregnancy weights (kg), by country, for given MUAC (cm). The predictions are based on the
models described in Table 25.

MUAC CHI GAM GUA IN(P) IN(H) INO MAL MYN NEP(R) THA VIE

15 31.3 36.5 30.5 29.5 29.6 32.2 31.3 35.9 30.7 34.2 37.5
16 33.3 38.5 32.8 31.3 31.7 34.7 33.3 37.5 32.6 35.9 38.8
17 35.2 40.4 35.2 33.0 33.7 37.2 35.2 39.0 34.3 37.6 40.1
18 37.2 42.3 37.6 34.8 35.8 39.9 37.2 40.4 36.1 39.2 41.3
19 39.1 44.1 40.1 36.5 38.0 42.6 39.1 41.9 37.8 40.8 42.4
20 41.0 45.9 42.6 38.2 40.1 45.3 41.0 43.2 39.6 42.4 43.5
21 42.9 47.6 45.2 39.9 42.2 48.1 42.9 44.5 41.3 43.9 44.5
22 44.8 49.3 47.8 41.5 44.4 51.0 44.8 45.7 42.9 45.3 45.5
23 46.6 51.0 50.4 43.2 46.5 53.9 46.6 46.9 44.6 46.7 46.4
24 48.5 52.7 53.2 44.8 48.7 57.0 48.5 48.1 46.2 48.1 47.3
25 50.3 54.3 55.9 46.4 50.9 60.0 50.3 49.2 47.8 49.5 48.1
26 52.1 55.8 58.8 48.0 53.1 63.2 52.1 50.3 49.4 50.8 48.9
27 53.9 57.3 61.6 49.6 55.4 66.4 53.9 51.3 50.9 52.1 49.7
28 55.7 58.8 64.6 51.1 57.6 69.8 55.7 52.3 52.5 53.3 50.4
29 57.5 60.3 67.6 52.7 59.8 73.2 57.5 53.3 54.0 54.6 51.1
30 59.3 61.8 70.7 54.2 62.1 76.6 59.3 54.2 55.5 55.7 51.8
31 61.1 63.2 73.8 55.7 64.4 80.2 61.1 55.2 57.0 56.9 52.5
32 62.8 64.5 77.0 57.2 66.7 83.9 62.8 56.0 58.4 58.0 53.1
33 64.5 65.9 80.3 58.6 69.0 87.7 64.5 56.9 59.9 59.1 53.7
34 66.3 67.2 83.6 60.1 71.3 91.5 66.3 57.7 61.3 60.2 54.3
35 68.0 68.5 87.1 61.5 73.7 95.5 68.0 58.5 62.7 61.3 54.8

Fig. 28. Histogram and box plot showing the distribu-
tion of the percentage error for predicted pre-pregnan-
cy weight in the linear regression (after transformation
of both variables) of pre-pregnancy weight on MUAC
for the Malawi model.
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D. The role of sensitivity and
specificity

In Chapter 4 (page 19) it was pointed out that con-
siderations other than the size of the odds ratios have
a bearing on the choice of a preferred indicator, i.e.,
sensitivity (Se), specificity (Sp), and positive predic-
tive value (PPV). How do Se, Sp and PPV relate to
the odds ratios? Can we expect the indicators with
high ORs to do well in terms of these measures?
These questions cannot be directly addressed on the
basis of the original analysis format, i.e., comparison
of lowest versus highest quartiles, which implies two
cut-off points (the 25th and 75th percentiles). The
latter analysis format is appropriate for a measure of
relative risk such as the odds ratio. However, indica-
tor sensitivity and specificity is concerned with rates
of misclassification and must be based on a single
cut-off point as individual mothers will be screened
positive or negative in relation to this point alone.
Accordingly, all analyses were rerun using the 25th
centile cut-off point and the necessary measures
were derived.

Answers to the above questions can be illustrat-
ed with results from the examination of the indicator
set for the Myanmar data. Fig. 29 is a scatterplot
matrix showing the pairwise relationships between
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Chapter 9

Fig. 29. Scatterplot matrix showing the relationship be-
tween sensitivity (Se), specificity (Sp), sum of sensitivi-
ty and specificity (Se+Sp), odds ratio (OR), and positive
predictive value (PPV), for the indicator set for Myan-
mar. Regression lines are superimposed.

these measures. In the first row we see plots of Se
versus Sp, the sum of Se and Sp, OR and the positive
predictive value (PPV). The remaining rows are read
in a similar fashion. A simple linear regression line
is superimposed on each plot to conveniently mark
the direction and strength of association. Table 27
lists the corresponding correlation coefficients. It
will be seen from both the plots and the correlation
table that Se and Sp are very highly correlated (nega-
tively); ORs are more strongly related to the sum of
sensitivity and specificity than to either measure
alone; and positive predictive value is high when
Se+Sp is high and declines when that sum falls. Sup-
plementing information on one indicator with a sec-

ond, e.g., attained weight coupled with knowledge of
pre-pregnancy weight or matemal height, was found
to lead to a notable increase in the size of the OR,
and this is generally associated with higher indicator
sensitivity, but usually at the expense of reduced
specificity. Although higher ORs usually result, this

Table 27: Correlation matrix for sensitivity (Se), speci-
ficity (Sp), sum of sensitivity and specificity (Se+Sp),
odds ratio (OR), and positive predictive value (PPV) for
the indicator set for Myanmar

Se Sp Se + Sp OR PPV

Se 1.00 -0.91 0.84 0.78 0.47
Sp 1.00 -0.55 -0.55 -0.10
Se + Sp 1.00 0.88 0.82
OR 1.00 0.60
PPV 1.00

does not automatically produce a more useful indica-
tor. The latter must necessarily combine a significant
indication of elevated (or reduced) risk with good
specificity and sensitivity. Indicator performance
with regard to the latter properties will be considered
next.

In his 1980 paper Habicht (17) states that when
'various indicators of nutritional status are being
compared to choose the best... screening test, ... that
one which has the highest sensitivity at high levels
of specificity, even if the sensitivity is lower than
that of another indicator at lower specificity should
be selected". In the analyses conducted for this pro-
ject, specificity is typically found in the range 0.65
to 0.8, while sensitivity was lower still with values
ranging from 0.25 to 0.45. The following decision
rule was implemented: for IUGR and LBW out-
comes, if a given indicator's Sp was >0.7 and its Se
was >0.35, then that indicator was marked out. For
the remaining outcomes a slightly less stringent cri-
terion was established: Sp >0.7 and Se >0.3.

To illustrate this rule for LBW, a scatterplot of
Se by Sp is shown in Fig. 30 for all relevant combi-
nations of indicators and data sets. The superimposed
regression line has a slope of -1.145; the coefficient
of determination (R2) is reasonably high at 74%.
Observations meeting the criterion are highlighted in
the plot. These will be seen to be comparatively few
in relation to the total number of Se/Sp pairs.

Plots of computed ranges for sensitivity and
specificity across data sets for all indicators for each
outcome may be inspected in Chapters 5 and 6. As
noted therein, the trade-off between Se and Sp at the
level of individual indicators is very obvious in these
figures.

Fig. 30. Scatterplot of sensitivity versus specificity for
all relevant combinations of indicators and data sets
for LBW. The regression line is shown with slope of
-1.145. Those observations with Sp >0.7 and Se >0.35 are
highlighted. Details of the regression analysis are given
below the plot.
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Regression analysis: Specificity

R2= 74.6%
s = 0.0806, with 427 - 2 = 425 degrees of freedom

Variable Coefficient S.E. f-ratio Prob

Constant 1.204 0.02 50.2 50.0001
Sp -1.145 0.03 -35.3 .0.0001
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