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Predictor: attained weight at month 7. The test for
homogeneity is rejected; however, the regression
analysis turned up no variable significant at the tradi-
tional 5% level. There is no evidence for country
group differences. The studies contributing most to
the significant test statistic were China and Vietnam.
An examination of the components of the test statis-
tic identifies the two main contributions to the
heterogeneity statistic (see Fig. 27). The individual
contributions by China and Viet Nam to the overall
Q test statistics (designated qi and highlighted on the
right side of Fig. 27) are dominant. No obvious study
effect can be called upon to account for this.

Predictor: Attained weight at month 9. The test for
homogeneity was significant and the regression
analysis identified both the WHO collaborative fac-
tor and the study mean duration of pregnancy. The
country grouping variable was not significant. The
coefficient of determination (R2) indicates that 51%
of the variation has been explained between these
factors.

Analysis for low birth weight
Predictor: attained weight at month 9. This model
identified both the country group effects and the
WHO study factor. The R2 was 75%. Additional fac-
tors were not significant.

In summary, when significant inter-study differ-
ences between the ORs - suggesting that all ORs
were not estimating the same underlying effect
were found, the subsequent regression analysis iden-
tified one or more study-related factors that account-
ed for a proportion of the observed total variation.
Most commonly, the analysis identified the country
grouping effect. Other factors were found in some
instances, for example, the mean gestational age at
delivery or the WHO study versus other studies. In
only a very few instances did the model fail to find
some significant factor to help explain the result of
the homogeneity test. In these cases the studies con-
tributing to the significant test result could be identi-
fied. Normally this would be one or two apparently
anomalous results. The proportion of variation
accounted for in any one model varied from around
30% to as high as 80%. In part this difference
reflects the structure of the model, especially the
number of actual parameters present. For example, a
model with the regional factor has 5 dummy vari-
ables coding for 6 regional areas. This is very likely
to result in a higher R2 than a model with only one or
two levels.

Accounting for inter-study differences in ORs is
of course not quite the same as explaining these dif-
ferences. To state that the country grouping factor
'explained' 50% of the total variation in the model

only indicates that one or more group means were
statistically different. Whether this is really reflective
of a genuine difference in the basic biological rela-
tionships is questionable. Obvious differences in
study design and quality of the data, and in the char-
acteristics of the study populations (e.g., the preva-
lence of anaemia or malaria, parity differences, etc.),
which were not captured by the available study fac-
tors, are likely to lead to measurable differences in
the ORs. For this reason, and in spite of some sig-
nificant tests for homogeneity, the combined OR
estimates provided by the meta-analysis are felt to
be adequate for purposes of ranking the indicators.
It might also be recalled that detectable differences
in, for example, group means does not imply that
such differences would necessarily be regarded as of
practical significance.

C. Predicting pre-pregnancy weight
based on arm circumference
In many different country settings mothers appear
rather late in pregnancy, thereby limiting the utility
of weight gain charts. If information on pre-pregnan-
cy weight were available, then 2 points could be
entered onto the chart and some indication of the
mother's pattem of weight gain would be available.
Mid-upper-arm circumference has been suggested in
the past as being well correlated with pre-pregnancy
weight (29-31) and might therefore be employed to
back-predict for this purpose. However, a high corre-
lation does not necessarily signify that MUAC will
be an accurate and reasonably precise predictor of
pre-pregnancy weight. A regression analysis for each
data set with both variables was undertaken to

Fig. 27. Contribution of individual studies to the 0 test
for homogeneity. The values for Vietnam (vie) and China
(chi) dominate this test statistic.
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establish the relationship between both indicators.
The prediction error was also examined. Table 25
sets out the results of this analysis.

As the distributions for MUAC and pre-pregnan-

cy weight are skewed, these indicators were trans-
formed in order to normalize the distributions and
improve the regression models. There was an added
bonus in that the transformation resulted in a more

linear relationship between the variables. A recipro-
cal transformation (i.e., -1/WTpp and -1/MUAC)
was found to be the most effective for this purpose

and was applied to both indicators. The regression
coefficients in Table 25 therefore refer to the trans-
formed data. In several intances it will be seen that
the intercept term is not statistically significant; how-
ever, as we are dealing with transformed data the
practice of regressing through the origin is highly
discouraged, and so the intercept term is retained
throughout. The reverse transformation has been
used to generate the table of predictions (Table 26).

The percent prediction error ((WTpp - predicted
WTpp)/WTpp) x 100, where WTpp, which is the

observed pre-pregnancy weight, was calculated for
each observation and the mean and standard devia-
tion of this error were obtained for each data set.
These values are reported in Table 25. The mean

error is small in all cases, only exceeding a value of
1% for Guatemala. The error standard deviations is
rather large, however, ranging from 7.8 to over 12.
This may be seen in the example for the Malawi data
set (Fig. 28). The percentage error distribution is
shown to be centred on zero, but with high frequen-
cies (up to 15-20%) on either side of zero.

Table 26 provides the predictions for pre-preg-
nancy weights for each country and for a range of
arm circumferences likely to be met with in practice.

We can conclude therefore that although the pre-

diction models overall are unbiased and accurate,
there is a relatively large uncertainty (i.e., poor pre-
cision) inherent in predicting pre-pregnancy weight
for individual mothers based on MUAC. This limita-
tion would need to be carefully considered in
employing MUAC in this manner in a public health
context.

Table 25: Results, by country, of the regression of pre-pregnancy weight on mid-upper-arm circumference (MUAC).a
In addition to the regression coefficients, the mean percentage error for the model, its standard deviation and the number of
cases are given.

Country

China

Gambia

Guatemala

India (Pune)

India (Hyderabad)

Indonesia

Malawi

Nepal (Rural)

Thailand

Vietnam

Term

Intercept
MUAC
Intercept
MUAC
Intercept
MUAC
Intercept
MUAC
Intercept
MUAC
Intercept
MUAC
Intercept
MUAC
Intercept
MUAC
Intercept
MUAC
Intercept
MUAC

Standard
Estimate error

-0.0058
0.3358

-0.0017
0.4629
0.0045
0.5595

-0.0034
0.4638
0.0016
0.5310
0.0005

0.5414
-0.0021
0.4430

-0.0035
0.4355

-0.0066
0.3402

-0.0119
0.2220

0.00
0.01
0.00
0.04
0.00
0.11
0.00
0.11
0.00

0.02
0.00
0.06
0.00
0.02
0.01
0.26

0.00
0.01
0.00

0.01

Mean
t-ratio Prob >It I error (%)

-13.61
33.22
-0.87
9.46
0.91
5.07

-0.67
4.03
1.48

22.01
0.21

8.91
-1.98
16.21
-0.30
1.67

-11.64
24.04

-14.89
12.23

0.00
0.00
0.38
0.00
0.37
0.00
0.50
0.00
0.13
0.00
0.83

0.00
0.04
0.00
0.76
0.12
0.00
0.00
0.00
0.00

No. of
S.D. cases

0.004 9.5 2844

0.012 9.3 134

1.400
0.627

9.1 17

8.5 33

- 12.1 539

0.186
0.208 9.8 127

0.003 9.9 457

0.002

0.080
0.000

7.8 13

12.2 1720

10.3 1216
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a The regression has been performed on transformed variables. The negative reciprocal of pre-pregnancy weight was regressed on
the negative reciprocal of MUAC. The requirement for this transformation is discussed in the text.
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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.

30

20

Mean 00.33

Std Dev. 9.9591
St Err. 0.49
N 459 k

(L -20

-30T

Distribution of percentage error
Mean 0.0033
Std Dev. 9.9591
Std Err. 0.4649o
N __ 459

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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